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Abstract

In recent times, the prevalence of pulmonary arterial hypertension (PAH) is more commonly seen among elderly populations. The in-

creased prevalence of hypertension, diabetes, obesity, arterial stiffness, as well as diastolic dysfunction, may cause endothelial dysfunction

and affect pulmonary vasculature. Furthermore, older patients have certain differences in clinical characteristics and outcomes. In this article,

the special characteristics of aging in PAH patients have been reviewed, while the risk predictors of elderly patients are also discussed.
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1 Introduction

Pulmonary arterial hypertension (PAH) is still an incur-
able and fatal disease, despite the improvements in treat-
ment modalities over the last decade. According to the Na-
tional Institute of Health (NIH) registry report of 2 decades
ago, estimated median survival of patients with idiopathic
PAH (IPAH), familial PAH, and anorexigenic-associated
PAH was 2.8 years after diagnosis, with 1, 3 and 5-year
survival rates of 68%, 48%, and 34%, respectively. The
treatment goals of patients with PAH are achieving a low
risk status and a low mortality risk. The survival rate of
PAH has improved at this time; 1 year survival rate was
91% in prevalent patients in the REVEAL registry with a
3-year survival rate of 58.2% in pulmonary hypertension
connection (PHC) cohort."**! Factors determining survival in
PAH are important for clinical management. Several prog-
nostic factors have been described in clinical trials and reg-
istries.l**! These factors are based on certain demographic,
functional, laboratory, and hemodynamic parameters.

PAH is now more frequently diagnosed in elderly pa-
tients compared to previous decades. Pulmonary artery sys-
tolic pressure (PAPs), similar to arterial pressure, was
shown to be increased with age in subjects from the general
community. Other physiological changes developed in the
elderly including left ventricular diastolic dysfunction, arte-
rial stiffening, and reduced lung capacity increase the com-
plexity of clinical findings and prognosis. The increased
prevalence of hypertension and diabetes due to aging maybe

caused by endothelial dysfunction and also contributes the
development of pulmonary hypertension. Prognostic risk
factors in elderly patients with PAH have not been investi-
gated previously. In this article, prognostic factors in all age
groups with PAH were reviewed, and then certain special
situations pertaining to elderly patients are also discussed.

2 Epidemiology and properties of pulmonary
hypertension in the elderly

The phenotype of PAH has changed in recent decades.
These include changes in age, sex, co-morbidities, and sur-
vival. Registry data indicate that the mean age of patients
diagnosed with PAH has increased from 36 years two dec-
ades ago to 50-55 years at present.*” Additionally, the
proportion of elderly patients at the time of diagnosis has
increased, with 9% of patients older than 70 years, and
12.8% older than 65 years.” The possible explanations of
this changing picture may be due to aging of populations,
the increase in life expectancy and the increased awareness
of PAH."" Routine use of Doppler echocardiography to
screen patients admitted to unexplained dyspnoea and syn-
cope may also play an important role in diagnosing elderly
pulmonary hypertension (PH) patients.

In an epidemiologic study, PAPs was shown to increase
with age. It was influenced by increased pulse pressure and
left heart filling pressures, suggesting that age associated
blood vessel stiffening and diastolic dysfunction contribute
to changes in pulmonary artery pressure.!"! William Osler’s
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axiom that “Man is as old as his arteries” referred specifi-
cally to arterial stiffening. It may postulate that the possible
mechanism for the association of arterial and pulmonary
hypertension could be an exaggerated endothelial response
to vasoconstrictor stimuli, both systemic and pulmonary
circulation. Additionally, pulmonary vasculature may be
affected by age-associated arterial remodelling, leading to
pulmonary vascular stiffening and increases in PAPs.

PH associated with heart failure with preserved ejection
fraction (HFpEF) is an increasingly recognized cause of PH
in older adults."? Consequently, many co-morbid condi-
tions such as hypertension, diabetes, left ventricular dia-
stolic dysfunction, arterial stiffening and sleep apnoea syn-
drome may coexist in elderly PH patients. Additionally,
aortic sclerosis is common in the elderly and is associated
with an increased risk of death from cardiovascular causes
even in the absence of hemodynamically significant ob-
struction of the left ventricular outflow."*! Pulmonary hy-
pertension is also associated with aortic sclerosis in the eld-
erly."" Insulin resistance (IR) has been implicated in in-
flammation, endothelial dysfunction and vascular disease
and is strongly associated with adverse clinical outcomes.
Unrecognized glucose intolerance and IR are common in
PAH. However, there was no correlation between IR or
glucose intolerance and prognostic markers in PAH.!"”

Obesity and metabolic syndrome or related comorbidities
may play a role in the development of PAH. Unrecognized
glucose intolerance is common in pulmonary arterial hyper-
tension. Even in non-obese humans with IPAH, the preva-
lence of insulin resistance is nearly 50% suggesting a link
between glucose dysregulation and IPAH.""® The correlation
of weight loss and hemodynamic improvements with the
reduction of insulin resistance, improved exercise tolerance
and functional class and reduced PAP has been reported
after bariatric surgery in patients with IPAH.['")

Alveolar hypoxia and hypoxic pulmonary vasoconstric-
tion is thought to be the main mechanism responsible for the
development of PH in obesity hypoventilation syndrome.
The increased incidence of systemic hypertension with
HFpEF feature may contribute the development of pulmo-
nary vasculopathy. On the other hand, obesity may cause
restrictive physiology, possibly due to fatty deposition. This
situation may contribute to the excessive increase at pul-
monary arterial pressure, as well as right atrial pressure.
Severe tricuspid regurgitation, mimicking constrictive peri-
carditis physiology, may cause similar condition.

Aging also affects the respiratory system, with reduced
static elastic recoil of the lung, as well as increased chest
wall stiffness.'®'”) These changes cause decreased vital
capacity and increased air trapping. Normal aging could

either lead to an over-diagnosis of PH or an underestimation
of PAH in this population. The main problem in the diagno-
sis PAH in an elderly patient lies in the discrimination of
potential pulmonary vascular disease from the expected
consequences of aging and from the frequent causes of PH
secondary to left heart failure or lung disease. Endocrine
factors may affect pulmonary vasculature. Renal function
declines markedly due to aging, even in the absence of renal
disease. Decreasing renal function may also contribute to
the elevation of pulmonary pressure in elderly people.

Older patients have some differences in terms of their
clinical characteristics and outcomes. Older patients with
PAH are more likely to be diagnosed with a more advanced
stage of the disease, have lower exercise capacity and pre-
sent with multiple co-morbidities.”” They also have a lower
survival rate compared with younger patients. Despite in-
creasing prevalence in recent years, IPAH is less frequent
among elderly PAH patients.”™” In a study, connective tissue
disease was found to be the most frequently encountered
reason of PAH in the elderly.*"! Age at disease onset is a
risk factor for PAH in scleroderma. PAH was found to be
twice as frequent in elderly scleroderma patients compared
to younger patients.'”” Thus, the higher frequency of
scleroderma and late diagnosis in the elderly may contribute
to the poor prognosis in patients with PAH. PH due to left
heart disease and mixed disease are also common, while
idiopathic PAH is unusual in this cohort. Older patients
have lower exercise capacity and functional capacity, al-
though better hemodynamic parameters including reduced
mean PAP and pulmonary vascular resistance.*"!

Table 1. Prognostic surrogates in PAH.

Functional classification
6MWD

Cardiopulmonary exercise testing

Exercise capacity

Hemodynamics RAP, CI, PVR, PA capacitance, MVO,, SBP
Echocardiography: pericardial effusion, RV size
Imaging TAPSE, Tei index
CMR: RV stroke volume and mass, RVEF, RVEDV
Biomarkers BNP, NT-proBNP, cardiac troponin, uric acid, DLCO
Risk equations NIH registry, French National Registry, PH connection

registry, REVEAL registry equation

BNP: brain natriuretic peptide; CI: cardiac index; CMR: cardiac magnetic
resonance; DLCO: diffusing capacity of lung for carbon monoxide; EDV:
enddiastolic volume; MVO,: mixed venous oxygen; NIH: National Insti-
tutes of Health; NT-proBNP: N5 terminal pro-brain natriuretic peptide;
PAH: pulmonary arterial hypertension; PA: pulmonary artery; PH: pulmo-
nary hypertension; PVR: pulmonary vascular resistance; RAP: right atrial
pressure; RV: right ventricular; RVEF: right ventricular ejection fraction
SBP: systolic blood pressure; 6MWD: 6-minute walk distance; TAPSE:
tricuspid annular plane systolic excursion.
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3 Prognostic factors

To date, several prognostic factors in PAH have been
described in clinical trials and registries.” *! These factors
are often used to make decisions about the treatment strat-
egy of the disease. Older age was also associated with a
two-fold increase in mortality.”*! Both COMPERA and UK
and Ireland PH registries revealed lower survival rates in
older patients,”” although it is unknown whether the
causes of death differed between the younger and older pa-
tients. The presence of multiple co-morbidities may mask
the symptoms of PAH and could account for late diagnosis
of PAH in elderly patients and poorer survival rates.

4 Functional capacity

Functional capacity (FC) is regarded as being the most
important factor for predicting mortality. FC class IV has
been found to be a major risk factor for mortality in the
REVEAL registry.””! Functional class III is also an impor-
tant, but weak predictor of survival. The median survival
time is 6 years among FC I or II patients, compared with 2.5
years and 6 months for FC IIT and FC IV respectively.**°!
However, there are several limitations regarding the evalua-
tion of functional capacity. Determination of FC is a
low-cost but subjective measure; the evaluation varies from
physician to physician. Indeed, inter-observer variability
may be observed, especially when differentiating between
FC II and III. Additionally, deterioration of functional class
may be due to reasons other than worsening of PAH. Other
intervening or chronic disorders frequently encountered in
the elderly, including anaemia, diastolic dysfunction, ar-
rhythmias, pneumonia, rheumatologic problems, should be
considered while evaluating functional capacity.

5 Exercise capacity

Six minute walking distance (6MWD) is routinely used
for evaluating exercise capacity in PAH patients. Baseline
exercise capacity is an important factor for predicting sur-
vival in REVEAL registry; 6MWD thresholds of greater
than 440 m are associated with longer survival, and lower
than 165 m with increased mortality.”) Based on this data,
the latest ESC guideline divided patients into three risk
groups according to 6MWD."*”!" Although reproducible,
inexpensive, and simple to perform, the 6 MWD has several
limitations, in that it is effort-dependent and susceptible to
motivational factors, especially in FCI and II patients. In
addition, older patients have reduced exercise capacity, dis-
playing lower 6MWD values, probably due to more

co-morbidities.”? Older patients with PAH are diagnosed
with a more advanced, severe disease; older patients gener-
ally have a more severe functional class.”) Rheumatologic
knee and hip disease, neurologic problems and disability
may even prevent walking, resulting in an inability to use
this test with elderly patients. 6 MWD can, however, be pre-
dicted adequately using a clinically useful model in healthy
elderly subjects.”™™ Using the Borg dyspnoea index and
pulse O, saturation may increase the prognostic yields of
this test. Additionally, results of the 6MWD may be inter-
preted more adequately if expressed as a percentage of the
predicted value.

Although 6MWD and other end points are considered
potential surrogates for assessing the survival rate of pa-
tients with PAH, the change in 6MWD at the follow-up or
after treatment was not found to affect survival. Cardiopul-
monary excise testing is considered to be the reference
standard for functional assessment and maximal oxygen
consumption (peak VO,) with proven value in assessing
heart failure. However, the greater cost and numerous tech-
nical difficulties may reduce the use of this test for routine
clinical practice.

6 Hemodynamic parameters

Right heart failure is the most frequent cause of death in
PAH. Hemodynamic parameters obtained by right heart
catheterization may give important information about prog-
nosis in PAH. Right atrial pressure (RAP), cardiac index
(CI), and mean pulmonary artery pressure (mPAP) were
described as important predictors of survival in the 1% NIH
registry.!"! Pulmonary vascular resistance (PVR) was found
to be an important prognostic factor in most of the regis-
tries."” However, in contrast to the NIH registry, mean
pulmonary artery pressure was not an important predictor of
survival at rest in other registries. An inverse association
between mPAP and mortality has been reported, and likely
signifies worsening right ventricular function that leads to
eventual decrease in the level of mPAP.*>") When adjusted
for all other risk factors making up the final multivariable
model, only an elevated mean RAP (> 20 mmHg) within the
year preceding study enrolment, along with a markedly in-
creased pulmonary vascular resistance (> 32 W), were in-
dependent risk predictors."”) None of the PAH patients
whose RAP < 10 mmHg died within one year."™ A cut-off
value of the cardiac index of greater than 2.5 L/min per
square meters, or less than 2.0 L/min per square meters has
been proposed as a determinant of good or poor prognosis;
mean right atrial pressure as found to deliver the most reli-
able evidence for mortality in a systematic review that stud-
ied all hemodynamic variables.*"
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Although mean PAP was not found to be a prognostic
risk factor for survival in the REVEAL registry, the prog-
nostic value of systolic PAP estimated from the tricuspid
regurgitant jet measured by echocardiography was shown to
predict 5 year survival in patients with scleroderma in the
EUSTAR cohort.” Hemodynamic impairment (mean PAP
and PVR) appears to be less severe in older patients.”” A
possible explanation is that younger patients tend to have a
right ventricle (RV) capable of preserving cardiac output at
higher PVR than older patients; this ability of the right ven-
tricle to generate high pressure falls with increasing age,
resulting in older patients becoming symptomatic at lower
PVR levels."”! Despite this less severe hemodynamic im-
pairment, older patients have a lower physiological reserve
to cope with this disease than younger patients.”

7 The type of PAH

The type of PAH is extremely important for survival.
The congenital PAH group has the best prognosis; possibly
due to younger age presentation and greater RV adaptation.
Scleroderma associated PAH had a poor survival rate and
these patients often show less response to treatment than
patients with idiopathic PAH.”*! In the REVEAL registry,
portopulmonary hypertension and family history of PAH
also serve as a poor prognosis.”! Hereditary PAH with mu-
tations in the bone morphogenetic protein receptor type 2
gene has been associated with more rapid disease progres-
sion, greater hemodynamic compromise at diagnosis, and
earlier disease presentation, when compared to non-carriers
of the mutation.* However, genetic screening is not rec-
ommended, due to low penetrance rate and the presence of
multiple genetic variants.

8 Echocardiography and other imaging
methods

The most important echocardiographic predictor in PAH
is the presence of pericardial effusion (PE). The presence of
pericardial effusion has been found to be an independent
predictor of mortality in almost all registries. PE is known to
flow back into the right atrium through lymph and venous
drainage. However, when right atrial pressure increases, this
backflow is limited, and this may cause pericardial effu-
sion.””! PE has been found to be associated with RAP in
most registries. However, it may develop as a result of
serositis in patients with connective tissue diseases (CTD) in
the absence of increased right atrial pressure.”” When pa-
tients were stratified by the underlying diseases, the pres-
ence of pericardial effusion was a significant predictive fac-

tor for [IPAH cases, although no statistically significant dif-
ference was observed for CTD-PAH cases.”” Echocardi-
ography during exercise provides additional information: a
marked increase of PAPs (> 30 mmHg) during exercise
reflects better RV function and is associated with a better
long-term outcome than when there is a modest increase or
no increase.’ Patients with PAH may have an unexpected
deterioration due to progressive right heart failure. Moni-
toring RV volumes may predict clinical worsening despite
an apparent stable condition. A gradual increase in RV
end-diastolic volume and RV end-systolic volume and a
decline in RV ejection fraction were shown in deteriorated
patients; however, there were no such changes in the stable
patients.”>**) Other echocardiographic parameters reflect
right ventricular function: tricuspit annular plane systolic
excursion (TAPSE), right ventricular velocity in tissue
Doppler, and right ventricular fractional area change
(RVFAC) have been investigated for the prediction of sur-
vival in PAH. Inter-observer variability and/or conflicting
results of these echo parameters prevented the wide use of
these for ascertaining the prognostic risk factor in PAH.
TAPSE reflects the RV longitudinal motion of RV. Values
for TAPSE of less than 1.8 cm were associated with sig-
nificantly worse survival at 1 and 2 years in patients with
PAH.""' However, it is influenced by the degree of tricuspid
regurgitation, so it is excluded from the prognostic predic-
tors list in the latest guidelines, despite having previously
been present./*

Cardiac magnetic resonance (CMR) may give detailed
information about RV function and RV volumes. Compared
with echocardiography, CMR has low inter-observer vari-
ability, making it a better tool for assessing changes in RV
volumes, size, and function over time, and with follow-up of
patients after therapies.”® Other important information
about hemodynamic parameters, including stroke volume,
cardiac output, pulmonary artery distensibility and stiffness,
alterations in RV morphology, and patterns of fibrosis with
disease progression can also be ascertained by CMR. How-
ever, routine use of this imaging modality is not particularly
practical.

9 Biomarkers

Despite the challenges of identifying novel non-invasive
markers or surrogates of the disease, the study of specific
biomarkers for the detection of disease progression in PAH
continues to be an active area of investigation. Evaluation of
RV function is important for risk estimation. Elevated
plasma brain natriuretic peptide (BNP) and N-terminal
pro-BNP level are indicators of wall stress. These markers
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have been found to be risk predictors in the prognosis of
heart failure.*” Elevation of these markers were shown to
correlate well with other important prognosticators reflect-
ing advanced disease, including RAP, PVR, CI, 6MWD,
and RV enlargement in patients with PAH. These two bio-
markers are regularly used, both at baseline and with medi-
cal therapy, and they predict survival*” The cut-off value
discriminating poor survival was 180 mg/dL. An increase of
Nt-ProBNP was shown to be associated with a poor prog-
nosis and the greatest reduction in that has a strongest asso-
ciation with survival in PAH.*" BNP concentrations were
significantly increased with aging.[*”! Measurements of BNP
may provide prognostic information in elderly patients. Se-
rum uric acid levels independently predict survival in pa-
tients with IPAH, and levels proportionally increase with
greater severity of the disease and functional impairment.*’!
However, uric acid levels are less specific for PAH due to
its being affected by multiple disease conditions, including
renal failure or other hypoxemic states.

10 Survival equations

Prognostic equations have been developed from multi-
variable analyses in four registries (US REVEAL, Pulmo-
nary Hypertension Connection Registry, French registry,
and UK registry). Since the initiation of the 1% NIH registry,
a number of equations have been created. From the retro-
spective analysis of risk predictors of the NIH registry, a
regression equation was derived to estimate survival using
three baseline hemodynamic parameters (mRAP, mPAP,
and CI).**! However, this equation increased the risk of
death compared to the observed survival rates of other
analyses obtained from many clinical trials. The observed
survival estimates with modern therapies appear to be sig-
nificantly better.[*”! The PHC registry analyzed 576 patients
with IPAH, familial, and anorexigenic associated PAH from
1991 to 2007. From this analysis, a new regression survival
equation was developed that uses the same three hemody-
namic variables as the NIH equation, albeit with different
coefficients. This equation has been more evidently associ-
ated with actual observed survival rates in other published
PAH cohorts compared to the previous NIH registry.!***”)

In the REVEAL registry, several risk factors were inde-
pendently associated with increased mortality: elevated
PVR, etiology of PAH, FC, a family history of PAH, renal
insufficiency, RAP, resting SBP and HR, 6MWD, BNP, the
presence of pericardial effusion on echocardiography, and
percent predicted of DLCO. The REVEAL equation has
thus been modified into an uncomplicated risk calculator,
which is practical for clinicians."**!

11 Conclusions

The proportion of elderly patients is gradually increasing
in the PAH population. The expected consequences of aging
and frequent causes of PH secondary to left heart failure or
lung disease may potentially contribute to pulmonary vas-
cular disease in these patients. Regular assessment of risk
factors in patients with PAH is, therefore, strongly recom-
mended. Older patients have specific differences in terms of
their clinical characteristics and outcomes. These patients
have inherently lower exercise capacity, as well as better
mPAP and PVR, possibly due to decreased right ventricular
function. As a result, these parameters may be used care-
fully in elderly patients for risk calculation. These patients
are also less responsive to PAH specific therapy compared
to younger ones. Large scale studies or registries are needed
to investigate the prognostic risk factors in elderly PAH
patients.
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