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SUMMARY
The term pulmonary arterial hypertension (PAH) identifies a heterogeneous group of diseases characterized by
a progressive increase in pulmonary arterial resistance (PVR), which causes a significant burden in terms of
quality of life, right heart failure and premature death.
The pathogenesis of PAH is not completely clear: the remodeling of the small pulmonary vessels is crucial,
causing an increase in the resistance of the pulmonary circle. Its diagnosis is based on cardiac catheterization
of the right heart.
According to the present hemodynamic definition of pulmonary hypertension (PH) proposed by the Guidelines
of the European Society of Cardiology/European Respiratory Society (ESC-ERS), the mean pulmonary arterial
pressure (mPAP) values are ≥25 mmHg. In case of PAH, apart from an mPAP value ≥25 mmHg, patients must
have a >3 Wood units increase in PVR and normal pressure values of the left heart. PH is a pathophysiological
condition observed in more than 40 different diseases, while PAH is a primary disease of the pulmonary
bloodstream potentially treatable with specific drugs.
PAH is a severe complication of systemic sclerosis (SSc) affecting about 10% of the patients. Due to the
devastating nature of SSc-PAH, there is a clear need to systematically adopt appropriate screening programs.
In fact, despite awareness of the negative impact of SSc-PAH on quality of life and survival, as well as on the
severity of lung function, at the moment standardized and shared guidelines and/or screening programs for the
diagnosis and the subsequent early treatment of PAH in SSc are not available.
The aim of the present paper is to highlight the lights and shadows of SSc-PAH, unraveling the unmet clinical
needs on this topic with a proposal of clinical-diagnostic and therapeutic guidelines.
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Systemic sclerosis-associated
pulmonary arterial hypertension:
clinical-epidemiological
he term pulmonary arterial hypertension (PAH) identifies a heterogeneous
group of diseases characterized by a progressive increase in pulmonary arterial resistance (PVR), which leads to a significant
reduction in terms of quality of life associated with increased disability, right heart
failure and premature death.
The pathogenesis of PAH is not completely
clear, but the main pathological feature is
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the remodeling of the small pulmonary
vessels, causing an increase in the resistance of the pulmonary circle (1, 2).
The diagnosis of PAH is based on cardiac
catheterization of the right heart, which is an
invasive but relatively safe procedure when
performed by experienced personnel (3).
According to the hemodynamic definition
of pulmonary hypertension (PH) proposed
at present by the Guidelines of the European Society of Cardiology/European Respiratory Society (ESC-ERS), the mean pulmonary arterial pressure (mPAP) values

REVIEW

Pulmonary arterial hypertension: guidelines and unmet clinical needs

e

on
ly

tection of PAH with an mPAP value ranging from 21 to 24 mmHg is not feasible in
patients with idiopathic forms but in those
who are at a high risk of developing them,
such as BMPR2 mutation carriers and SSc
patients.
PAH is a severe complication of SSc affecting about 10% of the patients. Due to the
devastating nature of SSc-PAH, there is a
clear need to systematically adopt appropriate screening programs. In fact, despite
awareness of the negative impact of SScPAH on quality of life and survival, as well
as on the severity of lung function, at the
moment standardized and shared guidelines and/or screening programs for the diagnosis and the subsequent early treatment
of PAH in SSc are not available (28).
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The term screening procedure refers to the
systematic use of one or more tests to diagnose a disease before the onset of clear
symptoms in an at-risk population (29, 30).
An ideal screening test should have high
specificity and sensitivity for a specific disease, should be easily reproducible, noninvasive, inexpensive and easily accessible.
Besides, screening for an asymptomatic
disease should be carried out where confirmatory tests, as well as prevention and
treatment programs can be applied.
Considering screening tests, it is firstly essential to reflect whether early diagnosis
and a prompt targeted therapy could have a
significant effect on the patient’s prognosis; secondly, a possible over-diagnosis associated with a screening campaign must
be considered (31). An over-diagnosis is
possible when PAH is diagnosed in an early phase (i.e. asymptomatic disease), but it
has an impact on the outcome if there is
involvement of other organs and/or lifethreatening non-PAH-related comorbidities. This situation is particularly evident in
elderly SSc patients, in severe and advanced systemic forms (lung, gastrointestinal tract and kidney) and cancer patients.
The mortality in this subgroup of subjects
is not strictly related to PAH, especially in
the presence of comorbidities or the in-
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are ≥25 mmHg (4). In case of PAH, apart
from an mPAP value ≥25 mmHg, patients
must have a >3 Wood units increase in
PVR and normal pressure values of the left
heart (pulmonary artery wedge - PAWP
and/or left ventricular end-diastolic pressure - LVEDP <15 mmHg) (3). This difference is important because PH and PAH,
which are frequently used as synonyms in
clinical practice, are very distinct diseases.
PH is a pathophysiological condition observed in more than 40 different diseases,
while PAH is a primary disease of the pulmonary bloodstream potentially treatable
with specific drugs (4).
Considering that the normal mPAP values
do not exceed 20 mmHg, it has recently
been proposed to lower the threshold for
PH to 20 mmHg, while the value of PVR
≥3 Wood units (3) associated with mPAP
>20 mmHg remains valid for PAH. Although from a pathophysiological, scientific and prognostic point of view the reduction of the threshold to 20 mmHg is
correct, the impact of this value is not yet
clear in terms of therapeutic choice. Indeed, most randomized controlled clinical
trials have enrolled PAH patients according
to the definition of the current ESC-ERS
Guidelines (4). To date, only two small
studies are available evaluating the efficacy
of PAH drugs in patients with mPAP at rest
<25 mmHg, both in the context of systemic
sclerosis (SSc) (3-7).
Since the symptoms of PAH are initially
non-specific, most PAH patients receive a
late diagnosis and therefore show a highly
compromised clinical and symptomatic
status, as well as severe hemodynamic features (8-10). Data from European PAH registries show that 72%-85% of patients are
already diagnosed in functional class III or
IV (11-13) according to the New York
Heart Association (NYHA), with a diagnostic delay of 2-4 years between the onset
of symptoms and the diagnosis (14, 15).
Despite the recent introduction of targeted
therapies for PAH, the annual PAH-related
mortality remains high, approximately
10% in the idiopathic form (16-19); the
prognosis is poorer in PAH cases associated with SSc (20-27). Therefore, early de-
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dynamic data is not always observed (11,
13, 42). In fact, the long-term prognosis of
these patients is poor and significantly
worse than in patients with idiopathic PAH,
despite the use of appropriate treatments
according to international guidelines. Early
diagnosis and a prompt therapy, even in the
absence of symptoms, are crucial to increasing short- and long-term survival.
Compared with previous 3-year survival
data of SSc-PAH of approximately 50%
(22), the most recent PHAROS study
showed an improvement in survival at 1, 3
and 5 years of 95%, 75% and 63%, respectively (23). These data refer to a population
undergoing systematic diagnostic screening and consequently with an early diagnosis (23). In fact, patients enrolled in the
PHAROS study showed milder symptoms
at diagnosis with 59% of patients in functional class NYHA I or II. This confirms
that early diagnosis and targeted therapy
are associated with better long-term outcomes. The use of systematic screening,
such as occurred in the PHAROS study, increases the number of early diagnoses, but
could have some bias, in particular the risk
of over-diagnosis as well as lead-time, as
illustrated in Figure 1.
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volvement of other organs (23). In some
cases, the risk related to diagnostic tests
and treatment may be greater than the need
for an early diagnosis. On this basis, we
should not think that right cardiac catheterization is unnecessary in elderly patients or
more advanced forms of SSc: this procedure can indeed provide important information even without a diagnosis of PAH,
especially if symptoms such as dyspnea,
cough and asthenia are present. In these
cases, the test will be able to detect postcapillary pulmonary hypertension relating
to a left ventricular dysfunction (systolic or
diastolic), interstitiopathy-related pulmonary hypertension, or a pulmonary hypertension associated with a deficit of cardiac
output, for example in the presence of anemia or thyroid dysfunctions.
Another point to consider for PAH screening is to identify a real at-risk population (in
the absence of signs or symptoms typical of
the disease), compared with patients with
early PAH or with mild symptoms. Most
studies include symptomatic patients, primarily dyspnea, increasing the prevalence
of the disease in the population and overestimating the risk-benefit ratio of the screening program, compared with truly asymptomatic patients. Similarly, in screening studies where most patients are symptomatic,
the performance characteristics of screening
tests (negative and/or positive predictive
values) should be interpreted with caution
and should not be compared through cohorts.
The prevalence of PAH in SSc is approximately 7-19% (32), sufficient to justify the
need for a screening program (33-38); the
incidence is about 1.5%, a value increasing
according to the duration as well as the variant of the disease (36-40). In fact, it is well
known that in a period of 15 years, 18% of
patients with diffuse skin variant and 24% of
patients with a limited form develop PAH,
respectively (40). The early diagnosis of
SSC-PAH is very important because this
condition is currently the cause of death in
30% of patients with S (41).
Despite the availability of a targeted therapy for SSc-PAH, a combined improvement
of symptoms, functional status and hemo-
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Screening procedures in SSc:
best practices
Transthoracic echocardiography
To date, transthoracic echocardiography
(TEE) is the most frequently used test for
the screening of SSc-PAH. According to
ESC/ERS Guidelines (4, 43) and systematic reviews of literature from 2014 to 2019
(44-46), a yearly TTE is recommended in
SSc patients with or without symptoms.
The tricuspid valve regurgitation velocity
(TRV) and other indirect signs of PH, such
as the dilation of the right section of the
heart, the presence of pericardial effusion
and the dilation of the inferior vena cava,
are used to determine the probability of developing PH.
2D-speckle tracking echocardiography
makes it possible to estimate the strain on
the right atrium (RA) and the right ventricle
(RV) of the heart. In particular, the echostrain can detect occult dysfunctions of the
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Figure 1 - Epidemiological concepts for screening programs of PAH. A) lead-time bias; B) hyper-diagnosis.
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right heart and shows an increased RV post- cardiographic data, defined as a TRV peak
load when the TRV is not high, even before >2.8 ms -1, or a TRV <2.8 ms –1 (or not
1 - Epidemiological
conceptsorforother
screeningmeasurable)
programs of PAH.
A) lead-time
B) hypertheFigure
evidence
of cardiac dilation
associated
withbias;
other
variaechocardiographic signs of cardiac damage bles suggestive of PH (38).
diagnosis.
(47-49).
A recent study shows that a de- Although echocardiography is the gold
formity systolic longitudinal peak of standard of screening methods, it has a low
14.48% at the apical segment of the lateral predictive value related to the method, the
wall of RV has a 100% specificity for PAH patient and the operator. As regards the
development in patients with SSc (49). method, it should be noted that approxiHowever, the echo-strain presents some mately 15% of patients undergoing echolimitations of TTE, such as an operator-de- cardiography have an inadequate estimate
pendent evaluation; moreover, RV strain of tricuspid regurgitation, and therefore a
may indicate myocardial fibrosis (a typical TRV that cannot be evaluated (41). Moreoand possible sign in SSc) rather than a post- ver, some patient-associated limitations,
load alteration (47). Further studies are such as obesity and/or deformity of the thotherefore needed to assess the real efficacy racic wall, can make the outcome of the
and the large-scale role of 2D-speckle track- test unreliable. Last but not least, the ultraing echocardiography for the PAH screen- sound method is still operator-dependent.
ing in asymptomatic patients with SSc.
Right heart catheterization is recommend- Tests of lung function
ed when patients have an intermediate or A reduction in the diffusion of lung carbon
high risk of developing PH, based on echo- monoxide (DLCO) with normal forced viReumatismo 4/2020
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tolic blood pressure (PAPs) during exercise
echocardiography may be related to the
presence of PH, as demonstrated by Codullo et al. (62), but at the moment poor precision in the measurement of PAPs and cardiac output during exercise does not place
the test among those recommended for
SSC-PAH screening. Furthermore, an increased PAPs is not necessarily the expression of PAH: in most cases it may be secondary to an increased stress wedge, suggestive of heart failure with preserved ejection fraction. In conclusion, although more
recent data have highlighted the possible
role of cardiopulmonary stress tests for the
diagnosis of early PAH, prospective longitudinal trials are needed in order to clarify
the role of CPETs in the screening of this
patients subset.
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tal capacity values (FVC) is frequently observed in SSC-PAH patients (50). However, the ongoing DLCO reduction during
SSc is frequently associated with pulmonary fibrosis and obstructive syndrome,
which should be considered in the differential diagnosis (51). A DLCO reduction during the follow-up period should always be
considered a sign of possible PAH development, particularly in patients with a limited
skin form and without lung interstitial engagement (52). A predicted DLCO value
>60% can, although with obvious limitations, exclude the presence of PAH (53,
54). Conversely, a DLCO value <50% has
a high specificity (90%) and a high positive
predictive value (53). However, it should
be noted that normal DLCO values do not
exclude a priori the presence of PAH.
Some studies evaluating DLCO components, such as membrane conductance,
showed conflicting results. Further studies
are therefore needed to evaluate the actual
role of these parameters in improving the
screening for SSc-PAH patients, as well as
to identify their role as potential indicators
for other parameters, such as exhaled NO
(54-56).
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Cardiopulmonary exercise testing
Echo-stress and cardiopulmonary stress
tests are not currently recommended in
SSc-PAH screening (4). Patients with SSc
frequently show an impaired hemodynamic
response to physical exercise even when
resting hemodynamic data are normal; this
may be related either to early pulmonary
vascular engagement or to a predominant
diastolic left heart dysfunction (heart failure with preserved ejection fraction) (24,
57-59). During PAH, a reduction in peak
oxygen consumption, a ratio of oxygen
consumption to heart rate, work rate, work
threshold, and an increase in the ratio of
ventilation to CO2 production are frequently observed (60). These parameters can also
be impaired in other diseases; for this reason, the test must necessarily be interpreted
taking into account the possible metabolic,
cardiovascular or pulmonary components,
which could have a significant impact on its
results (61). The change in pulmonary sys-
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Cardiac magnetic resonance imaging
The role of cardiac magnetic resonance
imaging (MRI) in the diagnosis of PAH is
not yet well established, but this procedure is essential for the overall evaluation
of the heart in patients with SSc. Cardiac
involvement is very common during SSc
and myocardial fibrosis is present in 5080% of post-mortem cases, even though
its clinical evidence is rare. The fibrotic
myocardiopathy can cause a dysfunction
of the left heart, and the patient is at high
risk of arrhythmic and ischemic complications, associated with the development of
post-capillary pulmonary hypertension
(group 2 of the diagnostic classification)
(4). Recent trials have shown that cardiac
MR is a very sensitive procedure for identifying myocardial fibrosis in SSc patients
and can therefore represent an essential
screening test during the diagnostic procedure for suspected pulmonary hypertension, able to distinguish group 1 (PAH)
and group 2 pulmonary hypertension (63,
64).
Biomarkers
The natriuretic peptide NT-proBNP is the
most widely used biomarker in SSc, both in
trials and in clinical practice. A unique value of NT-proBNP appears inadequate for
screening because of its low sensitivity
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risk populations. In addition, more studies
are also needed to identify possible genetic
biomarkers associated with SSc-PAH.
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Screening algorithms
Recent studies show that the use of composite measures (algorithms) within SScPAH screening is associated with a better
outcome (46). Among the composite assessments for SSc-PAH, ESC/ERS Guidelines are the most widely used, alongside
the DETECT algorithm and the Australian
Scleroderma Interest Group (ASIG) algorithm (4, 38, 69, 70).
The ESC/ERS Guidelines recommend
yearly echocardiography screening in
asymptomatic patients with SSc, followed
by the evaluation of biomarkers and DLCO.
DETECT was the first evidence-based
study for the screening of PAH in SSc patients (38). The objectives of the study,
based on a rigorous methodology, were to
evaluate the performance of screening characteristics (sensitivity and specificity), to
assess its application in real life, to identify
asymptomatic patients at risk of developing
a PAH, to minimize lost diagnoses and to
optimize the diagnostic application of RHC.
DETECT, a battery of non-invasive tests
followed by a diagnostic confirmation
through RHC, evaluated patients with SSc
diagnosed more than three years before and
DLCO predicted values <60%. The DETECT algorithm consists of two steps, the
first of which is based on non-echocardiographic parameters: FVC/DLCO, presence
of telangiectasias, anti-centromere antibody
(ACA) positivity, impaired values of NTproBNP and uric acid, right axial deviation
in the standard ECG. If the total risk score
of the first step exceeds 300 points, the patient undergoes the second step, which evaluates echocardiographic variables, such as
right ventricle area and TVR. If the second
step score is >35, the patient will perform
RHC.
DETECT has a high sensitivity; its application is able can reduce misdiagnosis when
compared with ESC/ERS Guidelines and
optimizes resources by limiting the use of
the more expensive and invasive methods
to a limited population of real high-risk pa-
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(56-69%) and its low negative predictive
value, since it may be normal in patients
with an early disease stage in which the
right heart is not yet involved (65, 66). In
addition, NT-proBNP is not specific for
right ventricular dysfunctions in PAH patients, because it can also be impaired in
patients with left heart failure or renal failure, conditions also observed in patients
with SSc (67). This biomarker may be useful in combination with other screening
tests, such as echocardiography and respiratory function tests, and it is used in
screening algorithms with values higher
than those considered in the normal range
(204-395 pg/mL) (38, 65, 66, 68-71).
Recent data show that troponin and highsensitivity troponin can be used as possible
biomarkers for the diagnosis of SSc-PAH,
but further trials are needed to confirm
their actual role (68).
In 2015, Shirai et al. demonstrated that the
level of pentraxin 3 (PTX3), a multifunctional model recognition protein able to
suppress the fibroblast growth factor 2
(FGF-2), was high in SSc-PAH patients,
and FGF-2 level was significantly reduced.
The authors therefore concluded that exposure to high concentrations of PTX3 could
interfere with the activity of endothelial
progenitor cells (EPC) responsible for impaired vasculogenesis, and thus promote
the development of PAH (72).
The red blood cell distribution width
(RDW) is a simple, readily available marker able to predict PAH in patients with SSc
(OR=3314 [IC 95% 1.038-10.580], p
<0.05) and has therefore been proposed for
the screening of SSc patients (73). Similarly, high serum levels of uric acid (AU)
are associated with an increased risk of
SSc-PAH and AU has been included in the
DETECT algorithm (74).
As far as SSc-related auto-antibody specificities are concerned, anti-centromere antibodies (ACA) are known to be associated
with the risk of developing PAH (75), while
anti-topoisomerase I (anti-Scl70) seem to
be protective (76).
Further studies are needed to demonstrate
the diagnostic and predictive value of blood
markers in asymptomatic subjects or in at-
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apy that may have an impact on the patient’s prognosis (22-24), scientific evidence and clinical practice have highlighted some critical issues. The recent literature review on screening for PAH associated with connective tissue diseases by
Young et al. showed that only 22 out of
1514 recent studies met the criteria for a
correct diagnosis of PAH, including the
cardiac catheterization at the end of the diagnostic path (45). Moreover, as recently
pointed out by Smith et al., the lack of evidence-based and consensus-based guidelines results in an unmet need in the management of many aspects of SSc, including
PAH (78, 79).
The recommendations for the early diagnosis of SSc-PAH are mainly based on consensus and on the use of non-specific
symptoms, echocardiographic data (29.30),
as well as biomarkers and respiratory function tests.
The characteristics of the ideal screening for
SSc-PAH are: sensitivity and specificity for
SSc, reproducibility, non-invasive, cheap
and easily executable. Because at present no
procedures satisfy all these criteria, the early
diagnosis is affected by the intrinsic limita-
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tients with SSc. A Norwegian study showed
that, in case of correct application of the
DETECT algorithm, the percentage of SSc
patients with a mPAP value between 20-24
mmHg rises from 17% to 31% (77).
The ASIG algorithm is also based on two
components: A, with a DLCO <70% and a
FVC/DLCO value of at least 1.8, and B
(based on NT-proBNP values >210 pg/
mL). The screening is considered negative
if both components A and B are absent, but
positive if either or both are present.
If the screening is positive, patients must
undergo echocardiography associated with
other confirmatory tests, i.e. high-resolution axial computed tomography (HRCT)
of the chest and the 6 minute walking test
(6MWT); finally, if no impairments to
these tests are detected concerning parenchymal lung involvement, RHC should be
performed.
Figure 2 shows the screening algorithm for
PAH patients.
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Critical aspects
Due to the need to identify patients with
SSc at risk of developing PAH, to diagnose
this complication, and to early-start a ther-

Figure 2 - Screening
for PAH
patients.for PAH patients.
Figurealgorithm
2 - Screening
algorithm
234

Reumatismo 4/2020

The characteristics of the ideal screening for SSc-PAH are: sensitivity and specificity for SSc,
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high specificity and sensitivity for SScPAH, more extensive studies are needed, as
well as validation trials on the performance
of this algorithm, which are desirable but
not yet available to validate the effectiveness of this tool (69, 70).
Another clear unmet need is the evaluation
of the performance of these SSc-PH diagnostic algorithms in patients with pulmonary interstitial disease, because this complication is frequent in SSc patients, reaching 50-70% in patients with SSc (43).
Finally, a critical element for the early detection of PAH is the different use of
screening methods in routine clinical practice in the different centers (I and II level).
In particular, physicians’ adherence to the
application of the screening indices is suboptimal and the yearly echocardiogram is
performed infrequently in patients with
SSc outside the reference centers (36).
Only 34.7% of SSc patients perform an
echocardiogram, only 53.1% perform PFR
and DLCO and, in the high-risk group for
PAH, only 59% perform a right catheterization (36). Similarly, despite the clear
need for algorithms (ESC/ERS guidelines,
DETECT and ASIG), more effective for
early identification of SSc-PAH patients
than the usual care alone (4, 38, 69, 70),
their use is still very limited outside reference centers.
The requests from rheumatologists to improve compliance in the application of
SSc-PAH-related algorithms are:
1) clearer and simpler guidelines;
2) easy and cheaper survey methods;
3) careful selection of patients;
4) access to regular screening and followup;
5) the possibility of having a reminder system.
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tions of the different laboratory and imaging
procedures, to be used simultaneously for
diagnosis.
One of the main critical points for the diagnosis of SSc-PAH is the interpretation of
the echocardiographic data. The main limitations of cardiac color Doppler echography are the evaluation of TRV in the absence of an adequate tricuspidal regurgitation (present in 15% of REF patients), and
constitutional elements of the patient,
which can lead to hyperinflation or deformity of the chest wall (38). There is also a
limitation relating to the operator performing the echocardiographic test, since operators must be trained and experienced in the
evaluation of patients with SSC and must
know the minimum core-set of echocardiographic data necessary for the assessment
of PAH in the SSc patient.
Recently two dimensional speckle tracking
has been proposed for the early diagnosis
of SSc-PAH, although this procedure needs
to be evaluated in specific clinical trials and
validated to define its positive predictive
value. In addition to echocardiographic parameters, NT-proBNP and the reduction of
DLCO values are also used, each with a
low predictive value if considered individually. For this reason, diagnostic algorithms have been proposed in order to increase the predictive effectiveness in diagnosis, using a combination of several clinical-laboratory and instrumental parameters.
The application of SSc-PAH screening algorithms improves the clinical outcomes;
however, also in this case there are some
critical issues relating to the use of DETECT and ASIG algorithms. Considering
the DETECT algorithm, the unresolved
weaknesses concern its long-term performance, the frequency of patient evaluation,
and the limitation related to the selection of
the patient with SSc lasting less than three
years and DLCO values >60%. Only one
study evaluated the DETECT algorithm in
a non-selected population of SSc patients,
showing an improvement of the diagnosis
of PH-borderline cases; however, further
studies are certainly needed (38). As regards the ASIG algorithm, which has a

Signs/symptoms predictive
of PAH in SS patients
PAH is currently the main cause of death in
SSc patients. New drugs are more effective
and significantly prolong survival when administered in the early phase of PAH. The
availability of predictive signs of SSc-PAH
is therefore crucial for a prompt and effective treatment strategy.
Reumatismo 4/2020
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idiopathic and SSc secondary forms of
PAH (81, 82), it is necessary to detect this
complication early through a screening
program. The initial non-specific symptoms and signs are mainly exertional dyspnea, asthenia, angina-like chest pain, palpitations, dizziness and sloping edemas; lipothymia and syncope can be observed in
more advanced stages.
The ESC-ERS Guidelines confirmed the
gold standard role of right cardiac catheterization for the diagnosis of PH (4). Although
it is an invasive procedure, it has low morbidity (1.1%) and mortality (0.055%) when
performed in expert centers (83).
To avoid unnecessary catheterizations, it is
essential to select the appropriate population for this procedure. The diagnosis is
performed through the screening tests
mentioned above.
In conclusion, current guidelines recommend an annual screening of asymptomatic
SSc patients though an echocardiographic
evaluation, lung function tests and some
biomarkers, including NT-proBNP and
uric acid. A regular periodic screening is
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Diagnosis and follow-up
of PAH during SSc
Early detection of PAH is a key step in the
clinical history of SSc patients, as it represents a frequent and severe complication,
characterized by a worse prognosis than idiopathic/hereditary PAH or PAH associated
with congenital heart disease. The diagnosis
of SSc-PAH is more difficult than that of
idiopathic PAH, due to the possible multiorgan localization of SSc. Indeed, the SSc
patient may fall into any group of the ESCERS clinical classification of PH (4). He/
she may have pulmonary arterial hypertension associated with vasculopathy (group 1
of the diagnostic classification), in which
the use of specific drugs is indicated; a pulmonary hypertension secondary to left heart
diseases (group 2); pulmonary diseases
(group 3); or an IP-PH secondary to thromboembolic disease (group 4). The SSc patient may also have a veno-occlusive form
(group 1), characterized by the involvement
of venules as well as arterioles (80).
Although recent studies suggest that early
therapy can improve the prognosis in both

Figure 3 - Follow-up of PAH patients.

Figure 3 - Follow-up of PAH patients.
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O2-therapy
Most PAH patients (with the except for
PAH associated with congenital heart disease) have only a mild resting arterial hypoxemia. In these cases, the pathophysiological mechanism is the decreased O2 saturation of mixed venous blood due to the
reduction in cardiac output and, to a lesser
extent, impairments of alveolar-capillary
exchanges. A more severe arterial hypoxemia is generally associated with the presence the oval foramen, in this case not improved by oxygen supplementation, or to
the concomitant presence of restrictive/obstructive respiratory failure. In case of severe hypoxemia in SSc-PAH patients, a
pulmonary veno-occlusive lung disease
(MVOP), where arterioles and venules are
involved, must be excluded. In case of suspected MVOP, the combination of clinical,
spirometric (including carbon monoxide
diffusion capacity) and radiological information enables us, with a good approximation, to have a diagnostic confirmation
without performing a pulmonary biopsy,
contraindicated in patients with pulmonary
hypertension (92, 93).
ESC-ERS 2015 Guidelines (4) recommend
administering oxygen therapy whenever the
pO2 value, evaluated through arterial
hemogasanalysis, is consistently <60 mmHg.
However, this recommendation is based on
data deriving from patients with chronic obstructive pulmonary disease rather than from
patients with PAH.
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The treatment of PAH (group 1 of the clinical classification) has recently shown significant progress and more awareness as to
how to use drugs in combination to achieve
a therapeutic result (86).
Until a few years ago, only non-specific
drugs were available for the treatment of
right ventricular decompensation (digitalis,
diuretics), and not for the correction of hypertensive pulmonary vasculopathy. Over
the last 25 years, 41 randomized controlled
clinical trials on 9061 patients with PAH
have led to the approval by the regulatory
agencies of specific drugs for the correction
of the biochemical dysfunctions observed in
the endothelin, nitric oxide and prostacyclin
pathways, responsible for the alterations in
endothelial physiology and consequently
for hypertensive pulmonary vasculopathy
(80, 86-88). These drugs have four routes of
administration: oral, inhalatory, subcutaneous and intravenous (the last two requiring
training of the patient and family members).
Considering the poor prognosis and the
high heterogeneity of clinical presentation
and evolution of PAH, the therapeutic management is based not only on administration of drugs, but on a complex, structured
strategy that includes the use of general
and supportive measures, the search for the
pulmonary vasoreactivity, the evaluation of
the disease severity, the regular monitoring
of the treatment outcome and the possible
use of invasive therapeutic procedures
(mainly lung transplantation).
Moreover, we must not forget that, in most
cases, PAH is a complication of another
disease or syndrome and therefore a multidisciplinary approach is essential (89-91).
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n TREATMENT

studies have evaluated the efficacy of diuretics in PAH patients, clinical experience
shows that their use in the presence of right
heart failure is associated with favorable
clinical effects. The choice of type and
dose of the diuretic to be used in the different patients comes under the responsibility
and experience of physicians, requiring in
any case dosage adjustment based on clinical response, parameters of renal function
and serum and urinary electrolytes.

ci

able to improve patients’ survival by identifying patients with an early PAH (Figure
3) (84, 85).

Supportive drug therapy
Diuretics
Right heart failure is responsible for fluid
retention, increased central venous pressure, abdominal organ congestion, ascites
and peripheral edema. Although no clinical

Oral anticoagulants
The rationale for the use of oral anticoagulant drugs in PAH patients is based on several elements:
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formance of the respiratory muscles, are
also valid for SSc-PAH patients (101).
The therapeutic algorithm of ESC-ERS
2015 Guidelines (4), recently updated after
the VI World Symposium on Pulmonary
Hypertension (102, 103), which includes
specific treatments, can be used for SScPAH patients too. In fact, about 30% of patients enrolled in pivotal randomized controlled clinical trials had a PAH associated
with connective diseases, which represent
the second most frequent cause of PAH after the idiopathic form. The most important
progress in the medical management of
PAH has not been the discovery of new
metabolic pathways, but the development
of new therapeutic strategies (combination
and escalation therapy) based on the systematic evaluation of the clinical response
(102, 103).
Before starting the therapy, the therapeutic strategy proposed by the updated therapeutic algorithm recommends a pulmonary vasoreactivity test (only if indicated)
and a multiparametric evaluation of the
patient’s risk profile. Although the remodeling of pulmonary arterioles is the main
pathological finding in PAH, the pulmonary artery vasoconstriction still has an
important role in the pathophysiology of
PAH in patients who are responsive to calcium channel blockers. The identification
of these patients is based on a pulmonary
vasoreactivity test performed during the
baseline hemodynamic evaluation (the
cornerstone of the diagnostic process),
with the aim to select acute responder patients (104). However, the pulmonary vasoreactivity test should only be performed
in patients with idiopathic, hereditary
PAH associated with the use of anorexic
agents. In SSc-PAH patients, the usefulness of the acute vasoreactivity test and
the chronic treatment with calcium channel blockers is less evident and therefore
not indicated (105, 106). The presence of
pulmonary vasoreactivity during the acute
test in these patients is not able to predict
the favorable response of the long-term
therapy with calcium channel blockers;
besides, these patients can rarely tolerate
high doses of these drugs (21). In conclu-
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1) frequent post-mortem findings of thrombotic lesions in the pulmonary microcirculation and elastic pulmonary arteries
(94, 95);
2) documented impairment of coagulation
processes and thrombophilic predisposition (96);
3) presence of generic risk factors for venous thrombo-embolism, such as heart
failure and sedentary lifestyle. The evidence in favor of treatment with oral
anticoagulant drugs is based on retrospective analysis and monocentric trials
rather than on randomized trials, and it
is limited to patients with idiopathic
PAH or PAH associated with anorexic
drugs (96).
Nevertheless, in a period where many specific drugs for the treatment of endothelial
dysfunction are available, the role of anticoagulant drugs in the treatment of PAH is
uncertain. In fact, data from more recent
studies and registries are conflicting and inconclusive (97-99).
As far as the use of oral anticoagulant drugs
in SSc-PAH is concerned, there are more
shadows than lights (100): the risk-benefit
ratio of anticoagulant drugs in a patient
with SSc-PAH is not favorable in most cases, given an increased risk of bleeding from
the gastrointestinal tract.
In conclusion, in this subset of patients, anticoagulant drugs should only be started if
there is an increased thrombophilic risk
(positivity for LAC and/or antiphospholipid antibody syndrome) or if a tunneled central venous catheter is present.
Antiarrhythmics
Some drugs such as digitalis, widely used
before the availability of the specific therapy for their positive inotropic effect, are
currently used only for reducing the ventricular response rate in the presence of
atrial tachyarrhythmias.
Target therapy
The general precautions for patients with
idiopathic PAH, such as to avoid pregnancy
and high altitude locations, maintain normal
levels of Hb and perform mild aerobic physical activity in order to conserve a good per-

238

Reumatismo 4/2020

REVIEW

Pulmonary arterial hypertension: guidelines and unmet clinical needs

ci

al

us

e

on
ly

intermediate-risk patients, an initial combination with an endothelin 1 receptor antagonist (ERA1) and a phosphodiesterase 5
inhibitor (PDE5i) is indicated (102). The
Ambition study, performed on a large population of PAH patients, showed that this
therapeutic strategy based on an initial
combination therapy is more effective in
reducing the composite endpoint (comorbidities and mortality) than a monotherapy
with a single specific drug (ERA1 or
PDE5i) (111). It should be noted that about
40% of the patients enrolled in this study
were affected by PAH associated with connective tissue diseases in whom the results
were similar to those observed in idiopathic PAH.
In elderly patients (>75 years), where multiple risk factors for heart failure with preserved ejection fraction (diabetes mellitus,
atrial fibrillation, obesity, systemic arterial
hypertension, coronary artery disease), comorbidities (112) and high clinical-instrumental suspicion of pulmonary veno-occlusive disease may be present, the use of a
specific monotherapy should be considered. This therapeutic decision can also be
adopted in patients pre-treated with a longterm monotherapy (>5-10 years) and with a
documented low-risk profile at follow-up.
Due to the lack of direct comparison trials
between the different molecules, there is no
preferred drug or class for first-line monotherapy. The choice of the molecule will be
based on multiple factors, such as its administration route, safety profile and drugdrug interactions, and patient’s comorbidities.
In high-risk patients, the use of an initial
combination therapy including a prostacyclin analogue, possibly by intravenous
route, is indicated. Intravenous epoprostenol has the highest level of clinical evidence, because it is effective even as a
monotherapy in reducing 3-month mortality in patients with high-risk PAH (113).
However, different combinations with other prostanoids (e.g. treprostinil sc) may
also be considered.
In patients treated with a multidrug schedule (3-drug combination therapy with a
PDE5i, a ERA and a prostacyclin ana-
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sion, the empirical use of high-dose calcium channel blockers for pulmonary
vasodilation is contraindicated in SScPAH patients, but a low-dose therapy can
have a rationale in patients with Raynaud’s
syndrome.
In SSc-PAH patients, as well as in patients
with idiopathic PAH who do not respond to
the acute pulmonary vasoreactivity test, the
best therapeutic strategy should be initiated
after a multiparameter assessment of the
patient’s risk profile.
All-together, clinical status, exercise performance, functional class, right ventricular function and hemodynamic parameters
are able can define a low, intermediate or
high-risk profile based on the expected
1-year mortality. It is important to stress
that the therapeutic algorithm proposed by
the guidelines does not apply to other pulmonary hypertension clinical groups; in
particular, it is not valid for the treatment of
patients with pulmonary hypertension secondary to left heart disease and chronic
pneumopathy (group 2 and group 3 of the
diagnostic classification, respectively) (3).
In fact, the use of a specific therapy in these
forms is contraindicated regardless of the
possible presence of an underlying connective tissue disease (107).
The objective of the treatment for PAH
patients is to achieve and maintain a low
risk profile during a structured clinical, instrumental and hemodynamic follow-up.
This recommendation and, generally, the
multiparameter approach to the risk stratification have recently been validated by
retrospective trials performed on 3 large
independent registries (including 3135 patients), which show a significant difference in terms of 5-year mortality and
transplantation-free survival according to
the risk category concerning both baseline
and first follow-up. Two out of 3 registers
also included patients with PAH associated with connective tissue diseases (108110).
After confirmation of the diagnosis in a reference center, the initial therapeutic approach in a treatment-naive PAH patient is
based on general measures and the abovementioned supportive therapy. In low- or

Reumatismo 4/2020

239

REVIEW

D. Giuggioli, C. Bruni, F. Cacciapaglia, et al.

e

on
ly

continue the current therapy and to plan a
structured follow-up. If the patient reaches
or maintains an intermediate risk profile,
the therapeutic outcome should be considered unsatisfactory and an escalation to triple therapy (if a combination therapy has
been used) or a sequential dual therapy (in
case of initial monotherapy) should be proposed. The most studied combination therapies are sildenafil plus macitentan (115),
riociguat plus bosentan (116), selexipag
plus ERA1 and/or PDE5i (117, 118). The
combination of riociguat and a phosphodiesterase 5 inhibitor is contraindicated.
Therefore, as is commonly observed in
clinical practice, if a PAH patient has an
intermediate (i.e. unsatisfactory) risk profile at the follow-up visit despite a combination therapy with ERA1 plus PDE5i, the
addition of a prostacyclin receptor agonist
should be considered, once the possible
presence of the veno-occlusive disease is
excluded. The GRIPHON study showed
that the addition of selexipag in PAH patients (both idiopathic and SSc-PAH) already treated with a dual therapy is able
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logue, preferably by IV route), screening
for rapid detection of suitability for 2-lung
transplantation should always be considered.
Physicians may consider the switch from
one specific PAH therapy to another based
on multiple factors, such as a better safety
profile or optimal treatment adherence.
However, at the state of the art, no evidence
is available concerning the switch from
sildenafil or tadalafil to riociguat in terms
of symptoms improvement or survival
(103, 114). For that reason, this therapeutic
strategy is not recommended. Therefore, in
case of unsatisfactory response to PDE5i
plus ERA1, physicians could consider adding a third class of drugs rather than switching to another drug.
As already mentioned, the treatment of
PAH is not a simple pharmacological prescription. After the start of the specific
therapy, a multiparameter re-assessment of
the patient’s risk profile is indicated. If the
initial therapeutic approach leads to the
achievement of a low-risk profile after 3-6
months, physicians are recommended to

Figura
4 - Algoritmo
terapeutico
della PAH.
Figure
4 - Therapeutic
algorithm
for PAH.
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In conclusion, according to ESC-ERS
guidelines and the recent update, SSc-PAH
patients (group 1 of the diagnostic classification), especially if young, should be
treated with one or all 3 drugs approved for
the treatment of endothelial dysfunction, to
achieve a low-risk profile. If the patient remains or progresses to a high-risk profile
despite maximal medical therapy, lung
transplantation should be considered, paying particular attention during the screening to the comorbidities that may cause the
procedure to fail. Older SSc-PAH patients,
with risk factors for heart failure with preserved ejection fraction or with severe comorbidities (e.g. aortic stenosis, ischemic
heart disease, etc.), should be carefully
evaluated; for these patients, a therapeutic
strategy based on an initial monotherapy
with a possible switch to a combination
therapy during the follow-up period, seems
to be appropriate. Finally, a veno-occlusive
pulmonary disease should be suspected if a
patient with SSc-PAH, regardless of age,
has an unexplained desaturation, a poor response to the specific therapy (or with pulmonary edema after the specific therapy) or
radiological features suggestive of this
complication.
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can improve the composite endpoint of
morbidities and mortality (117). If the patient reaches a low-risk profile 3-6 months
later, he/she must continue the current therapy and plan a structured follow-up; an injective prostacyclin is indicated if the patient remains at intermediate risk or reaches
high-risk status.
If the patient maintains or achieves a high
risk profile despite the initial therapy, the
use of a maximum therapy is indicated, as
well as a prompt referral to a third level
center to establish suitability for lung transplantation. Lung transplantation is generally the last therapeutic option for PAH
patients who fail medical therapy. The
presence of a connective tissue disease is
not an absolute contraindication to 2-lung
transplantation; however, these patients
frequently have comorbidities and other organ dysfunctions which increase the risk of
complications. For example, esophageal
motility disorder and gastroesophageal reflux in patients with SSc significantly increase the potential post-surgical inhalation of materials, as well as lung damage
(ab-ingestis pneumonia). For these reasons,
it is extremely important that transplant
candidates must be assessed on an individual basis, not only cardiologically but also
from an internal and/or gastroenterological
point of view, through appropriate procedures (esophageal impedance, gastroscopy,
pHmetry).
A recent French trial compared the survival
of SSc-PAH patients during two distinct
periods: 2006-2011 and 2012-2017 (119).
No statistically significant differences in
terms of survival between the two periods
were observed in the overall population.
The analysis of the subgroup of patients
aged <70 years showed that survival was
longer in the period 2012-2017 than in the
period 2006-2011. This could be explained
by a better early diagnosis (due to intensified screening programs) and by an increased use of first-line combination therapy in the latter period. This study also confirms that first-line combination therapy is
not useful in elderly patients with comorbidities. Figure 4 shows a therapeutic algorithm for PAH.
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