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Biomarkers in pulmonary hypertension
G. Warwick*, P.S. Thomas# and D.H. Yates*

ABSTRACT: There have been significant recent advances in the understanding of the

pathophysiology of pulmonary hypertension, and a growing number of therapeutic agents have

become available to the treating physician. Traditional methods of diagnosing and monitoring this

condition have comprised echocardiography and right heart catheterisation, in addition to

functional measures, such as estimation of functional class and the 6-min walk test. An increasing

number of biomarkers have been described that are elevated in pulmonary hypertension and

which may assist the clinician in diagnosis and in the assessment of disease severity and

response to treatment.

The present article details the more important biomarkers, their potential applications and the

evidence supporting their use.

KEYWORDS: Asymmetric dimethylarginine, biomarkers, endothelin, natriuretic peptide,

pulmonary hypertension

P
ulmonary arterial hypertension (PAH) is a
rare progressive disease, which leads to
increasing pulmonary vascular resistance,

right heart failure and premature death [1]. As
presenting symptoms are nonspecific, diagnosis
is often delayed by, on average, 2 yrs [2]; median
survival in untreated disease is 2.8 yrs with an
estimated 5-yr survival of 34% [3]. Diagnosis is
commonly made using trans-thoracic echocardio-
graphy, or suspected because of reduced transfer
factor but relatively normal lung volumes on
respiratory function testing. Right heart catheter-
isation is required for the definitive diagnosis.
Pulmonary hypertension (PH) is defined as a
mean pulmonary artery pressure of .25 mmHg at
rest or .30 mmHg with exercise [4]. Subsequent
investigations are instituted to further characterise
the disease. Causes of PH are shown in table 1.
The 6-min walk test (6MWT), a measure of
exercise capacity, and the New York Heart
Association (NYHA)/World Health Organization
(WHO) functional classification, a measure of
severity, are used to follow the clinical course
while receiving treatment, and these both correlate
with disease severity and prognosis [5]. The
aetiology of PAH is incompletely understood;
several factors are implicated in its pathogenesis,

including genetic predisposition and exposure to
toxins and/or inflammatory mediators [6].
Pulmonary vascular tone is maintained by a
balance of neural stimuli, oxygen tension, potas-
sium channels and endogenous vasoactive sub-
stances, some of which, e.g. the natriuretic
peptides and endothelin (ET)-1, provide the basis
both for therapeutic targets and diagnostic tests, as
will be discussed in the present manuscript.

Current guidelines recommend serological testing
for connective tissue disease and testing for HIV in
cases of unexplained PAH [7]. Otherwise, blood
tests are not routinely used in the diagnosis or
follow-up of PAH. Recently, however, a range of
biomarkers in PAH have been described, which
may be of diagnostic and prognostic significance
in the future. These include markers of heart
failure, endothelial and/or platelet dysfunction,
cardiac myocyte damage and oxidative stress. In
the present article, those of most relevance are
outlined and their clinical application discussed.

MARKERS

Natriuretic peptides
Atrial natriuretic peptide (ANP) and brain (B-
type) natriuretic peptide (BNP) are peptide
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hormones that are released from cardiac myocytes in response
to cardiac pressure and volume overload [8]. ANP is released
from storage granules in atrial tissue, while BNP is secreted
from ventricular tissue in a constitutive fashion. ANP secretion
is stimulated by atrial stretch caused by atrial volume over-
load; BNP is released in response to ventricular stretch.
Natriuretic peptides act on the kidney, causing natriuresis
and diuresis, and relax vascular smooth muscle, causing
arterial and venous dilatation, leading to reduced blood
pressure and ventricular preload [9]. ANP and BNP are
released as prohormones and then cleaved into the active
peptide and an inactive N-terminal fragment (fig. 1).

BNP is elevated in PH of various classes: idiopathic (IPAH) [10];
PAH associated with connective tissue disease [11], congenital
systemic-to-pulmonary shunts [12] and treatment of Gaucher’s
disease [13]; and PH associated with chronic obstructive
pulmonary disease [14], interstitial lung disease [15], chronic
thromboembolic disease [16, 17] and acute pulmonary embolus
[18, 19]. BNP levels correlate with haemodynamic parameters
[10, 15–17, 20–23], exercise capacity and NYHA functional class
[21]. BNP is of prognostic significance in IPAH [10], in chronic
lung disease [24] and in pulmonary embolism [18, 19]. In one
study, baseline BNP was measured in 60 patients with IPAH,
and repeated after a mean of 3 months; patients were followed
for a mean of 24 months [10]. By multivariate analysis, baseline
BNP was an independent predictor of mortality and, by receiver
operating characteristic analysis, the prognostic power of
baseline BNP was comparable, or even superior, to that of
haemodynamic parameters.

More recently, interest has turned to the N-terminal fragment of
BNP (NT-proBNP) as an alternative biomarker to BNP, as it
appears to provide the same information [25], while having
advantages over BNP in terms of stability of the marker and high
internal accuracy of the assay [26]. There have been a number of
recent studies investigating the role of this marker in various
classes of PH. ANDREASSEN et al. [27] measured NT-proBNP in 61
patients with PH of different classes undergoing right heart
catheterisation and cardiopulmonary exercise testing. Plasma
levels were higher in patients across the spectrum of PH
compared with controls, and correlated with haemodynamic
parameters and peak oxygen uptake. On multivariate analysis,
NT-proBNP and peak oxygen uptake were independent
predictors of mortality. By Kaplan–Meier analysis, patients with
supramedian NT-proBNP levels had significantly lower survi-
val than those with lower levels. Another study, also examining
patients with different classes of PH, found elevated levels in
patients compared with controls [28]. NT-proBNP correlated
with haemodynamic parameters at right heart catheterisation,
echocardiographic indices of right ventricular overload and the
6MWT distance. Baseline levels of the marker were related to a
poor prognosis. Similar relationships were found when only the
subgroup of patients with IPAH was analysed. This concurs
with an earlier, smaller study of 22 patients with IPAH [29].

The role of serial measurement of NT-proBNP during acute
vasoreactivity testing of IPAH patients has been evaluated in a
small study [30]. An increase in NT-proBNP after a 60-min
inhalation of nitric oxide distinguished responders from
nonresponders with a 50% specificity and 100% sensitivity
(positive predictive value 38%, negative predictive value
100%). NT-proBNP has also been evaluated as a tool to stratify
disease severity. Results of a small study found significantly
different NT-proBNP levels between patients in each func-
tional class, suggesting a potential role for the marker in
stratifying patients according to disease severity [31]. These
results are yet to be validated in a larger population.

In systemic sclerosis, NT-proBNP is elevated in patients with
PAH and correlates with pulmonary haemodynamics [32, 33].
Levels are elevated in patients with sickle cell disease compared
with healthy, black controls, and are higher still in those patients
with PAH [34]. This retrospective analysis showed NT-proBNP
to be an independent predictor of mortality.

TABLE 1 The 2003 Venice clinical classification of
pulmonary hypertension [1]

PAH

IPAH

FPAH

APAH

Collagen vascular disease

Congenital systemic-to-pulmonary shunts

Portal hypertension

HIV infection

Drugs and toxins

Other (thyroid disorders, glycogen storage disease, Gaucher’s disease,

hereditary haemorrhagic telangiectasia, haemoglobinopathies,

myeloproliferative disorders, splenectomy)

Associated with significant venous or capillary involvement

PVOD

PCH

Persistent PH of the newborn

PH with left heart disease

Left-sided atrial or ventricular heart disease

Left-sided valvular heart disease

PH associated with lung diseases and/or hypoxaemia

COPD

ILD

Sleep-disordered breathing

Alveolar hypoventilation disorders

Chronic exposure to high altitude

Developmental abnormalities

PH due to chronic thrombotic and/or embolic disease

Thromboembolic obstruction of proximal pulmonary arteries

Thromboembolic obstruction of distal pulmonary arteries

Nonthrombotic pulmonary embolism (tumour, parasites, foreign material)

Miscellaneous

Sarcoidosis

Histiocytosis X

Lymphangiomatosis

Compression of pulmonary vessels (adenopathy, tumour, fibrosing

mediastinstis)

PAH: pulmonary arterial hypertension; IPAH: idiopathic PAH; FPAH: familial

PAH; APAH: PAH related to risk factors or associated conditions; PVOD:

pulmonary veno-occlusive disease; PCH: pulmonary capillary haemangioma-

tosis; PH: pulmonary hypertension; COPD: chronic obstructive pulmonary

disease; ILD: interstitial lung disease.
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Plasma ANP is significantly increased in PH of varying
aetiologies and, like BNP, correlates with haemodynamic
variables [35–38]. ANP may better reflect short-term haemo-
dynamic changes, owing to different patterns of synthesis,
secretion and clearance than BNP [23].

NT-proBNP has been evaluated as a marker of early PAH in 40
patients with systemic sclerosis, using echocardiography for
diagnosis [32]. Here, a high negative predictive value of 96%
was found but the positive predictive value was lower at
69.2%, suggesting that NT-proBNP may be of more use in
excluding rather than diagnosing the condition. However, a
more recent study in a larger number of scleroderma patients,
in whom right heart catheterisation was performed, found a
higher positive predictive value of 95%, and lower negative
predictive value of 56.5% [33]. In a screening study of 39
patients with pulmonary fibrosis of different aetiologies, BNP
level predicted moderate–severe PH with 100% sensitivity and
89% sensitivity [15]. A recently published study of 230 patients
with sickle cell disease compared NT-proBNP levels with
echocardiography for the diagnosis of concomitant PH [34].
The investigators found a sensitivity of 57%, a specificity of
91% and a positive predictive value of 78%.

Natriuretic peptides have also been used to monitor response
to therapy. BNP levels parallel the development of pulmonary
haemodynamics and exercise capacity in patients with PAH on

vasodilator therapy [22, 23], and can predict response to
therapy with epoprostenol [39]. BNP levels mirror haemody-
namic improvements in patients with chronic thromboembolic
pulmonary hypertension undergoing pre-operative prosta-
cyclin therapy prior to endarterectomy [17], and a persistently
elevated BNP following endarterectomy is indicative of
persistent PH in the post-operative period [16].

There are a number of confounding factors in the interpreta-
tion of natriuretic peptide levels, including left heart disease,
sex, age and renal dysfunction [40]. Since most studies exclude
patients with left heart disease and renal dysfunction, there
may be problems with extrapolating these results to a less-
selected population. Some authors have sought to address this
by calculating a normalised ratio of BNP and NT-proBNP by
dividing the measured value by age- and sex-adjusted normal
values [41]. A recent study assessed the effect of renal
impairment on the diagnostic accuracy of NT-proBNP as a
parameter of haemodynamic status [41]. It found that, while
NT-proBNP was inferior to BNP as a follow-up parameter of
haemodynamic variables in patients with a creatinine clear-
ance of ,60 mL?min-1, it was superior to BNP as a survival
parameter, because it integrated haemodynamic impairment
with renal insufficiency, which was itself a sign of increased
mortality. It should also be noted that, since elevated levels of
natriuretic peptides signify high ventricular wall stress, they
should be considered ‘‘late’’ markers of disease. A normal
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FIGURE 1. Simplified schematic of the natriuretic peptide system. Natriuretic peptide precursors are released in response to atrial and ventricular stretch, cleaved into

active molecules and inactive precursors and convert guanosine 59-triphosphate (GTP) to cyclic guanosine monophosphate (cGMP), leading to their various physiological

actions. ANP: atrial natriuretic peptide; NT-proANP: N-terminal pro-ANP; BNP: brain natriuretic peptide; NT-proBNP: N-terminal pro-BNP; NPR-A: natriuretic peptide receptor

A; RAS: renin–angiotensin system.
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BNP/NT-proBNP level cannot, therefore, be used to exclude
the presence of PH.

Endothelin-1
ET-1 is a potent endogenous vasoconstrictor and proliferative
cytokine. The ET-1 gene is translated to prepro-ET-1 which is
then cleaved, by the action of an intracellular endopeptidase, to
form the biologically inactive big ET-1. ET-converting enzymes
further cleave this to form functional ET-1 (fig. 2). There are two
ET receptor isoforms, termed type A (ETA), located predomi-
nantly on vascular smooth muscle cells, and type B (ETB),
predominantly expressed on vascular endothelial cells but also
on arterial smooth muscle. Activation of both receptor subtypes,
when located on vascular smooth muscle, results in vasocon-
striction and cell proliferation. In addition, the endothelial ETB

receptor mediates vasodilatation and clearance of ET-1.

ET levels are elevated in the plasma of patients with PH [42–
45] and there is increased expression of ET-1 protein and
mRNA in the endothelial cells of affected vessels in patients
with PH [46]. In 21 patients with IPAH, elevated ET-1 levels
correlated with right atrial pressure and pulmonary artery
oxygen saturation [37]. It has been proposed that big ET-1 may
be a more reliable indicator of activity of the ET-1 system,
owing to a longer half-life and less tissue extraction [47].
RUBENS et al. [43] found significantly elevated plasma ET-1 and
big ET-1 levels in 16 patients with IPAH; plasma ET-1 and big
ET-1 showed a significant positive correlation with pulmonary
vascular resistance and mean pulmonary artery pressure, and
a significant negative correlation with cardiac output and
cardiac index and, hence, disease severity. There was also a
strong negative correlation between ET-1 and big ET-1 and the
6MWT. The ratio of big ET-1 in the radial artery to the
pulmonary artery decreases after inhalation of iloprost [48]: it
is suggested that either increased pulmonary clearance or
decreased production accounts for this. This suggests a
potential role in monitoring response to therapy, though
subsequent work in this area has yet to be published. There
are no published data on the use of ET-1 in screening. The ratio
of plasma ET-1 to its related peptide ET-3 not only correlates
with haemodynamic and clinical indices in PAH, but is also
associated with prognosis [49]. A number of potential
confounders must be considered when interpreting ET-1
levels: African ethnicity, male sex and older age are associated
with a raised plasma ET-1; while angiotensin-converting
enzyme inhibitors, statins, b-blockers and vasodilators reduce
the level of ET-1 in plasma [50].

Uric acid
Uric acid is the final oxidation product of purine metabolism.
Serum urate levels may be increased in conditions of impaired
oxidative metabolism. Elevated uric acid levels have long been
known to be a poor prognostic sign in acute illness [51]. Several
studies have demonstrated that an elevated urate level in PH
correlates with severity of disease [52–56]. In one study, 90
patients with IPAH underwent right heart catheterisation and
serum uric acid estimation, and were then followed for a mean
of 31 months [54]. Serum urate was independently related to
mortality on multivariate Cox proportional hazards analysis.
Kaplan–Meier survival curves demonstrated that patients with
high serum uric acid had a significantly higher mortality rate

than those with low serum uric acid. Serum urate levels
decrease on the successful treatment with prostacyclin of
patients with IPAH [53]. Urate levels are dependent on age and
sex, and are affected by renal impairment and diuretic therapy;
hence, their interpretation may be difficult in some patients.

Troponin T
Cardiac troponins are regulatory proteins of the thin actin
filaments of cardiac muscle. Disruption of the cardiac myocyte
membrane causes their release and they can then be detected by
highly sensitive assays in the peripheral blood. Troponin T and I
are well-established prognostic markers in acute coronary
syndromes [57]. One study has linked troponin T to poor
prognosis of PH [58]. Patients with severe PH of varying classes,
with detectable troponin T, had higher heart rates, lower mixed
venous oxygen saturation, higher NT-proBNP and shorter
6MWT. They had significantly higher mortality at 6, 12 and
24 months. Troponin became undetectable with successful
treatment and returned as disease progressed, although this
was shown only in a small group of patients. The authors
suggested that monitoring serum troponin T might aid in the
timing of management decisions, such as listing for lung
transplantation. As with the natriuretic peptides, elevated
troponin levels represent more advanced disease, since they
are indicative of myocardial ischaemia. They cannot be
expected, therefore, to be a sensitive marker of early disease.
Interpretation of troponin T levels in PH may be confounded by
concurrent left heart disease and renal impairment.

Nitric oxide
Nitric oxide is produced by the enzyme nitric oxide synthase
(NOS) in endothelial cells by the conversion of L-arginine to L-
citruline and nitric oxide (NO). It diffuses into adjacent
vascular smooth muscle cells and binds to soluble guanylate
cyclase, stimulating the production of cyclic guanosine mono-
phosphate (cGMP), resulting in muscle relaxation [59]. NO is
measurable in exhaled air [60]; it is now accepted as reflecting
airway inflammation and represents pulmonary NO produc-
tion. It comes primarily from airway epithelial cells with a
component from the pulmonary vasculature [61]. Exhaled NO
(eNO) has been shown to be lower in patients with IPAH [62–
64], although there are conflicting studies that show either no
difference in eNO compared with controls [65, 66] or an
increased level [67]. These divergent results could be explained
by methodological differences. When measured in the bronch-
oalveolar lavage fluid of patients with IPAH, biochemical
reaction products of NO (nitrate, nitrite and S-nitrosothiol
proteins) are significantly lower than in control patients and
correlate inversely with pulmonary artery pressures and
duration of PAH [63]. eNO levels increase after initiation of
intravenous [64] and inhaled [65] prostacyclin therapy, and
also after established treatment with bosentan, a nonselective
ET receptor antagonist [62]. In interpreting eNO results, the
physician must take into account a number of potential
confounding factors including age, sex, atopy, infection and
some drugs, including some used in the treatment of PH, such
as L-arginine [68].

Asymmetric dimethylarginine
There has recently been increasing interest in asymmetric
dimethylarginine (ADMA) as a marker and potential mediator
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of endothelial dysfunction in pulmonary vascular disease [69].
A potent competitive inhibitor of NOS, ADMA is derived from
the catabolism of proteins containing methylated arginine
residues. ADMA is excreted by the kidneys (and, hence,
accumulates in renal failure) or is metabolised by the enzyme
dimethylarginine dimethylaminohydrolase, whose activity is
inhibited by homocysteine [70].

As a biomarker, ADMA has been evaluated in several different
classes of PH. In IPAH, plasma levels are significantly higher
than in healthy, matched controls [71]. In such patients, plasma
ADMA correlates positively with right atrial pressure, and
negatively with mixed venous oxygen saturation, stroke
volume, cardiac index and survival. On stepwise multiple
regression analysis, ADMA is an independent predictor of
mortality and, using Kaplan–Meier survival curves, patients
with supramedian ADMA levels have significantly worse
survival than those with inframedian levels.

In patients with congenital heart disease and PH, plasma ADMA
is higher when compared with patients with congenital heart
disease but normal pulmonary pressures, and to controls [72].

In a recent study of 135 patients with chronic thromboembolic
PH, plasma ADMA was measured at the time of initial right
heart catheterisation [73] and levels were reanalysed in
patients who underwent pulmonary endarterectomy. ADMA

was significantly elevated in patients compared with controls
and correlated with a number of haemodynamic parameters.
Following pulmonary endarterectomy, ADMA levels fell to a
range similar to the healthy controls. By receiver operating
curve analysis, ADMA predicted death with a sensitivity of
81.1% and a specificity of 79.3% at a cut-off value of
0.64 mmol?L-1. The authors suggested that this value could
serve as a surrogate marker for small-vessel arteriopathy in
chronic thromboembolic PH.

cGMP
cGMP is an intracellular second messenger of NO, bradykinin
and the natriuretic peptides [74]. It is produced by the
activation of the enzyme guanylate cyclase and is an indirect
marker of natriuretic peptide or NO production. Urinary
cGMP levels are significantly higher in severe IPAH compared
with patients with respiratory diseases without PH or normal
healthy controls [75]; concentrations are higher in patients with
severe haemodynamic impairment and inversely correlate
with cardiac index and mixed venous oxygen saturation and,
hence, may provide an indicator of disease severity [75].
Plasma cGMP levels are higher in patients with PH and
decrease after inhalation of iloprost [38]. In 20 patients with
PAH of differing aetiologies, a highly significant correlation
between baseline plasma cGMP and pulmonary vascular
resistance has been observed (r50.62, p,0.0001) [36]. In these
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FIGURE 2. Simplified schematic of the endothelin (ET) system. Prepro-ET-1 is cleaved to inactive big ET-1 and then further cleaved to form active ET-1. This acts on

vascular smooth muscle via the ETA and ETB receptors, causing vasoconstriction and cell proliferation, and on endothelial cells via ETB receptors, releasing nitric oxide (NO)

and prostacyclin (PGI2), causing vasorelaxation.
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patients, a marked increase in cGMP levels occurred in
response to NO inhalation, but the magnitude of this response
did not discriminate between responders and nonresponders.
Hence, cGMP measurement could not be substituted for right
heart catheterisation when testing for NO responsiveness.

D-dimer
In situ thrombosis is a prominent finding in patients with PAH
[76]. D-dimer, as measured by the ELISA method, is a specific
marker for cross-linked fibrin and may represent microvascular
thrombosis. In patients with IPAH, D-dimer has been shown to
be elevated compared with controls [77, 78] and correlates with
disease severity, as measured by NYHA class, resting oxygen
saturation and pulmonary artery pressure. D-dimer also
correlated inversely with survival at 1 yr. However, these
results remain to be validated in a larger cohort of patients.

Serotonin
Serotonin is a pulmonary vasoconstrictor and vascular smooth
muscle mitogen [79]. It is released from pulmonary neuroendo-
crine cells and neuroepithelial bodies distributed throughout
the airways. Elevated levels have been demonstrated in patients
with IPAH [80] with a concomitant decrease in the serotonin
content of platelets, giving a normal whole blood serotonin level.
This may be explained by abnormal handling of serotonin by
platelets. KÉREVEUR et al. [81] also found an elevated serotonin
level in patients with IPAH compared with controls, and this
positively correlated with total pulmonary resistance. However,
it was not found to be a predictive marker of PAH severity, and
its evolution was independent of clinical and haemodynamic
status. Despite a therapeutic benefit, treatment with the potent
anti-aggregating agent epoprostenol did not prevent further
increases in plasma serotonin.

Plasma von Willebrand factor
Plasma von Willebrand factor (vWF) is a large glycoprotein
synthesised mainly in endothelial cells. As the carrier for
coagulation factor VIII, it plays a role in platelet aggregation
and adhesion at sites of vascular injury. Elevated plasma vWF
and its antigen (vWF:Ag) have been used as markers of
endothelial cell injury in a variety of conditions. Levels of
vWF:Ag are elevated in PH [82, 83] and baseline vWF:Ag
correlates with the risk of death in the subsequent year [83]. In
another study, vWF was also found to be elevated in severe
PAH, and paralleled improvements in haemodynamics on
prostacyclin therapy, although this was only in 10 patients [84].

APPLICATIONS

Screening
One of the requirements of a screening programme is that,
once the condition is found, an effective treatment or
intervention exists. This is now the case with recent therapeutic
advances in PAH. The incidence of PAH in the general
population is so low that this obviates the need for a general
screening programme. However, there are certain high-risk
groups in which the likelihood of PAH is greater, and in these
individuals there is a need for screening. The gold standard for
diagnosis of PH is right heart catheterisation, which remains
mandatory in establishing the presence of disease. However, it
is an invasive procedure and is impractical as a screening test.
Doppler echocardiography is less sensitive and specific than

cardiac catheterisation but is more practicable and less
invasive. The sensitivity of echocardiography can be improved
by exercise during the examination, and by the additional
measurement of a biomarker. Current recommendations
advise Doppler echocardiography for patients in recognised
high-risk groups in circumstances where diagnosis could lead
to further evaluation and/or change in management [4]. One
such high-risk group is patients with limited scleroderma, in
whom the prevalence of PAH is estimated to be o12% [26].
NT-proBNP has been evaluated as a marker of early PAH in
patients with systemic sclerosis [32, 33]. NT-proBNP has also
been used to screen for PH in patients with sickle cell disease
[34]. BNP may be useful in predicting PH in patients with
pulmonary fibrosis [15].

Prognosis
Assessment of prognosis in patients with PH is important, as it
influences both medical therapy and, where appropriate,
timing of referral for lung transplantation. A combination of
different factors must be taken into consideration when
estimating survival, including the NYHA functional class, the
6MWT and cardiac catheter or echocardiographic indices [85].
A number of studies have sought to define the prognostic
value of biomarkers in PH. Several markers have been shown
to be independent predictors of mortality in PAH, including
serum uric acid [54], BNP [10] and NT-proBNP [28]. Cardiac
troponin T is an independent predictor of mortality in patients
with PH of various classes [58], and in sickle cell disease
elevated NT-proBNP is a major risk factor for death [34].
Plasma vWF [83] and D-dimer [77] have also been shown to
predict mortality in patients with PH. A recent retrospective
study of patients with IPAH demonstrated that a low arterial
carbon dioxide tension (,4.25 kPa) was an independent
prognostic marker with similar predictive value to 6MWT
and right atrial pressure [86]. Growth differentiation factor-15,
a member of the transforming growth factor-b superfamily,
has been shown to be of prognostic value in patients with non-
ST elevation acute coronary syndrome [87] and heart failure
[88]. Preliminary results show that this marker may be of
similar value in patients with PH (M.M. Hoeper, Hanover
Medical School, Hanover, Germany; personal communication).

Response to therapy
Instead of frequent repetition of right heart catheterisation and
echocardiography, it is more practicable to use functional
measures such as estimation of NYHA/WHO functional class,
or the 6MWT, to follow the course of a patient’s disease.
However, in some conditions there may be coexistent features
of the disease that may influence these measures and thus they
may not truly represent a patient’s clinical state, e.g. musculo-
skeletal involvement in systemic sclerosis [33]. Biomarkers can
potentially offer additional information to the clinician for
monitoring the efficacy of treatment and the patient’s clinical
course. Serum uric acid levels decrease with successful
treatment with prostacyclin of patients with IPAH [54].
Exhaled NO may be useful in the long-term monitoring of
patients on prostacyclin [89] and bosentan [62].

LIMITATIONS
For a biomarker to become accepted in clinical use, its utility
should be consistently demonstrated in large, prospective
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studies. This has been achieved for biomarkers in the context of
acute coronary syndrome [90] and heart failure [91], in which
studies typically involve hundreds or even thousands of
subjects. However, such data do not exist for biomarkers in
PH: most of the studies presented have ,50 subjects. Some
studies suggest cut-off values, with reference to receiver
operating characteristic analysis, but extrapolation of these
figures to the wider PH population must be attempted with
caution, given the small numbers of patients from which they
have been derived. In view of the small numbers of patients
with PH available for any one unit to study, relative to acute
coronary syndrome or left heart failure, for example, it may be
that a collaborative, multicentre approach to biomarker
analysis will become the established future means of validating
biomarkers in what remains an uncommon disease.

Many of the biomarkers are subject to multiple confounding
variables, e.g. renal failure or left heart disease, and studies
typically exclude such patients. This may affect the applic-
ability of these results to a broader, ‘‘real-life’’ population.

The temporal characteristics of biomarkers need to be taken
into consideration when assessing their utility. Many of the
currently available markers, e.g. BNP/NT-proBNP and tropo-
nin, could be considered to be ‘‘late’’ markers of disease, since
they signify high ventricular wall stress and ischaemia,
respectively. A ‘‘normal’’ level of these markers would not,
therefore, exclude the presence of early disease.

CONCLUSION
In recent years there have been significant advances in the
understanding of the pathophysiology of pulmonary arterial
hypertension, and there have been dramatic improvements in
available therapies [92]. There is increasing interest in the use
of biomarkers as a means of screening and diagnosis, for
delineating the severity and prognosis of disease, and for
monitoring the course of pulmonary arterial hypertension and
its response to therapy. An ideal biomarker would be quick,
inexpensive and easy to measure; it would be highly
reproducible and would be broadly applicable across a range
of different disease classes, with no confounding effect from
comorbidities, age, sex, etc. It would be highly sensitive and
specific and a change in the value of the marker would
represent a predictable change in the patient’s clinical
condition. None of the markers discussed in the present article
can be described as ideal, but there is an increasing volume of
evidence in support of their use in clinical practice. Some of
them, particularly brain natriuretic peptide, N-terminal pro-
brain natriuretic peptide and, perhaps, troponin T, may soon
become part of the standard work-up and follow-up of patients
with pulmonary arterial hypertension.
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