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ABSTRACT Regular patient assessment is essential for the management of chronic diseases, such as
pulmonary arterial hypertension (PAH). Comprehensive patient assessment and risk stratification in PAH
are important to guide treatment decisions and to monitor disease progression as well as patients’
response to treatment. Approaches for assessing risk in PAH patients include the use of risk variables, as
recommended in the 2015 European Society of Cardiology (ESC)/European Respiratory Society (ERS)
pulmonary hypertension (PH) guidelines, and the application of risk equations and scores, such as the
French registry risk equation and the REVEAL registry risk score. Risk stratification and risk scores are
both useful predictors of survival on a population basis, and provide an estimate for individual patients’
risk. The 2015 ESC/ERS PH guidelines recommend regular assessment of multiple variables at an expert
centre. The respective merits and limitations of different risk assessment methods in PAH are discussed in
this article, as well as some considerations that can be taken into account in the future development of risk
assessment tools.

@ERSpublications
Regular risk assessment with multiple parameters evaluates PAH disease progression and
treatment response http://ow.ly/Nq0I305kgpU

Introduction

Patient risk assessment is essential in the management of many chronic diseases such as asthma, heart
failure and cancer [1-4]. Comprehensive patient assessment allows clinicians to determine the patient’s
prognosis, monitor disease progression and the patient’s response to treatment, and impacts treatment
decisions. In pulmonary arterial hypertension (PAH), the 2015 European Society of Cardiology (ESC)/
European Respiratory Society (ERS) pulmonary hypertension (PH) guidelines recommend that risk
assessment should be conducted regularly (3-6 monthly in stable patients) using multiple parameters to
evaluate disease progression and patients’ response to treatment [5-7]. Risk assessment in these patients
should include a range of clinical, haemodynamic and exercise parameters, as there is no single variable
that provides definitive prognostic information [6, 7].

Currently, there are different approaches to assessing risk in PAH; these include the use of risk variables
according to the 2015 ESC/ERS PH guidelines [6, 7], a risk equation such as the French registry equation
[8] or National Institutes of Health (NIH) equation [9], or the use of a risk score such as the REVEAL
(Registry to Evaluate Early And Long-term PAH Disease Management) registry risk score [10]. In this
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article we will discuss parameters of prognostic relevance in PAH, the different approaches to risk
assessment and how the outcomes of risk assessment can influence PAH management.

Risk assessment in PAH

Patient demographics

As with many diseases, patient demographics can influence patient outcomes. However, a number of
parameters that affect survival rates in PAH cannot be influenced by therapy. One of these parameters is
patient sex. Male sex was shown to be an indicator of poor prognosis in the French risk registry [8, 11],
and older male patients (aged >60 years) also showed an increased risk of mortality in the REVEAL
registry [12]. Another prognostic parameter that cannot be influenced by therapy is the aetiology of PAH,
such as PAH-associated with systemic sclerosis (SSc) or bone morphogenetic protein receptor 2 (BMPR2)
mutation status. PAH-SSc patients have a worse prognosis compared with patients with idiopathic PAH
[13-15]. PAH-SSc patients also have markedly worse prognoses and survival rates when compared with
patients with other forms of PAH-associated connective tissue disease [14, 16]. BMPR2 loss-of-function
mutations are the most common genetic cause of PAH. Patients with these mutations have been shown to
have higher mean pulmonary arterial pressure (PAP) and pulmonary vascular resistance (PVR), and
reduced cardiac index at presentation compared with patients with no BMPR2 mutations, indicating a
more severe disease phenotype and worse prognosis [17].

Signs and symptoms

Clinical signs of right heart failure are indicative of a poor prognosis in PAH [6, 7] and include lower limb
oedema, ascites, S3 gallop and elevated jugular venous pressure. Syncope has prognostic relevance in PAH
and is an indicator of disease severity. Occasional syncope during brisk or heavy exercise, or occasional
orthostatic syncope, can be observed in an otherwise stable PAH patient. Repeated episodes of syncope,
even with little or regular physical activity, is usually observed in patients with high risk PAH and overt
right heart failure [6, 7].

Functional class

Another clinical parameter of prognostic relevance is New York Heart Association/World Health
Organization functional class (WHO FC). WHO FC is a powerful predictor of survival, with increasing
numbers for WHO FC (I-IV) representing a scale to measure severity of PAH [6, 7]. Studies have shown
that poorer WHO FC status at presentation is associated with worse 5-year survival [18, 19]. Furthermore,
improvements and deteriorations in WHO FC at follow-up have been associated with increases and
decreases in survival rates, respectively [18-21]. However, WHO FC is a subjective measurement and
inter-observer variability has been observed amongst clinicians [22]. While the variation observed in
WHO FC assessments does not negate the value of WHO FC as a prognostic tool [22], this potential
limitation should be considered when evaluating it as a prognostic indicator.

Exercise capacity measures

At least one measurement of exercise capacity, such as 6-minute walk distance (6MWD) or cardiopulmonary
exercise testing (CPET), should be conducted as part of the regular assessment of PAH patients [6, 7].
The 6MWD is a widely used and simple method for assessing patients’ exercise capacity [6, 7]. Patients
presenting with a high 6MWD had improved survival rates at 3 years compared with patients presenting
with a lower 6MWD [11]. In one study, patients with a 6MWD >380 m (median value) at baseline showed
significantly greater survival than those with a 6MWD less than the median at baseline. Similar results were
demonstrated using a median 6MWD at follow-up of 418 m [20]. A lower threshold was calculated from the
REVEAL registry, which showed that a 6MWD of <165 m at enrolment was significantly associated with
mortality risk [12]. The REVEAL registry also demonstrated that a >15% worsening of 6MWD was strongly
and significantly associated with poor prognosis [23]. However, several studies have shown that change in
6MWD from baseline is not associated with long-term outcomes [19, 20, 24-27].

Maximal exercise testing of patients with PAH using CPET is thought to be useful in identifying early
signs of disease progression, such as reduced right ventricular reserve in the presence of normal resting
PAP [28]. Data gathered from CPET include peak oxygen uptake (V’0,), anaerobic threshold and the
degree of ventilatory inefficiency. PAH patients show reduced peak V'O, compared with the expected
values for healthy individuals, and peak V'O, values during exercise at baseline are considered to have the
strongest correlation with survival rates [29], with values <15 mL-min"kg™' suggesting increased
mortality risk [6, 7]. PAH patients also show increased volume of minute volume (V'E) and carbon
dioxide production (V’C0,) slope, which is representative of ventilatory insufficiency. V'E/V'CO, slope
values >36 are a marker of poor prognosis [6, 7].
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Echocardiography and cardiac magnetic resonance imaging

Echocardiography allows quantitative assessment of measures of right ventricular function (e.g. TAPSE
(tricuspid annular plane systolic excursion)), right ventricular global longitudinal strain and right ventricular
fractional area change. TAPSE values of <1.8 cm have been associated with reduced 2-year survival rates in
PAH [30]. Furthermore, other simple echocardiographic surrogates of right heart function have been shown
to have prognostic significance in PAH, such as right atrial area and pericardial effusion. Patients who
present with a right atrial area >18 cm?, either at baseline or follow-up, are considered to be at an increased
risk of mortality versus patients with a right atrial area <18 cm?® [6, 7]. Pericardial effusion at baseline is a
strong predictor of mortality in PAH patients [5] and is an indicator of a high-risk patient [18].

Cardiac magnetic resonance imaging (MRI) has emerged as a reliable and reproducible imaging method for
assessing right heart morphology and function [6, 7], including ejection fraction [31], longitudinal
shortening [32], mass index [31] and work [33]. Of these parameters, ejection fraction, as assessed by cardiac
MRI, has a strong prognostic value [31, 34], with low right ventricular ejection fraction (RVEF) (<35%)
being associated with poor survival, independent of PVR, and increases in RVEF after 12 months being
predictive of improved 6-year survival [34]. Another study showed that after 12 months of disease-targeted
therapy, there were significant increases in both RVEF and left ventricular ejection fraction [31].

Haemodynamic parameters

The 2015 ESC/ERS PH guidelines recommend that right heart catheterisation (RHC) should be considered
3-6 months after a change in a patient’s treatment regimen or in case of clinical worsening, indicating the
importance of RHC during follow-up, despite its invasive nature. RHC measures are very informative, and
some respected centres perform RHC at regular intervals during follow-up in stable patients; in these centres,
yearly RHC is usually considered [6, 7]. RHC enables monitoring of right atrial pressure, elevations of which
are associated with poorer survival rates [6, 7]. Low mixed venous oxygen saturation and cardiac index at
baseline, and deteriorations in these parameters, have been significantly associated with poor outcomes [27].

BNP and NT-proBNP

Brain natriuretic peptide (BNP) and N-terminal pro-BNP (NT-proBNP) are biomarkers that are
commonly studied in clinical trials in PAH. Absolute levels of NT-proBNP [35] and BNP are correlated
with haemodynamic parameters and clinical outcome, both at baseline and at follow-up. NT-proBNP
levels are thought to have a superior prognostic value than BNP levels [36], and reduced levels of
NT-proBNP after 1 year are associated with improved 3-year [20] and 5-year survival rates [27].

Approaches to risk assessment: comprehensive assessment using the 2015 ESC/ERS PH
guidelines

The PAH risk assessment approach described in the 2015 ESC/ERS PH guidelines is the first to be
proposed in European PH guidelines [6, 7]. The 2015 ESC/ERS PH guidelines strongly recommend
regular assessment of patients with PAH and highlight the role of expert centres in these assessments.
Based on the evaluation of multiple variables, PAH patients can be categorised as low, intermediate or
high risk with estimated 1-year mortality of <5%, 5-10% and >10%, respectively (table 1) [7]. However,
the use of multiple variables brings with it complexity. An individual patient is unlikely to have all
variables indicative of low, medium or high risk. Good clinical judgement is essential, as patients are likely
to present with some variables that are indicative of low risk, and some indicative of intermediate or high
risk. The main treatment goal for patients with PAH is to achieve a low risk status [6, 7]. Low risk patients
are typically WHO FC I/II with good exercise capacity and normal or near-normal right ventricular
function (the latter is assessable using a number of different parameters) [6, 7]. Patients with an
intermediate or high risk are typically WHO FC III/IV, with poor exercise capacity and poor right
ventricular function. Improving or maintaining many of the variables listed in the 2015 ESC/ERS PH
guidelines [6, 7] may be associated with improved survival and/or better quality of life [27, 37].
Comprehensive risk assessment based on multiple variables can also be used to guide therapeutic decisions
[6, 7]. The 2015 ESC/ERS PH guidelines recommend initial monotherapy or initial oral combination
therapy for low or intermediate risk patients, whereas an initial combination therapy regimen, including
intravenous prostacyclin analogues, should be considered for high-risk patients [6, 7]. The risk assessment
approach according to the 2015 ESC/ERS PH guidelines has broader implications for patients, such as the
timing of listing of patients for lung transplantation.

Approaches to risk assessment: risk scores and equations

A number of registries have been established to collect data on patients with PAH and analyse the course
of the disease in the current treatment era [38-43]. Data from these registries have led to the development
of risk scores and equations, which combine assessments of multiple parameters into a single score to
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TABLE 1 Risk assessment in patients with pulmonary arterial hypertension

Determinants of prognosis®

(estimated 1-year mortality)

Low risk <5%

Intermediate risk 5-10%
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High risk >10%

Clinical signs of right heart failure

Progression of symptoms
Syncope

WHO functional class
6MWD

Cardiopulmonary exercise testing

NT-proBNP plasma levels

Imaging (echocardiography,
CMR imaging)
Haemodynamics

Absent
No
No
[, 11
>440 m
Peak V'0,>15 mL-min~"-kg™"
(>65% pred)
V'e/V'co, slope <36
BNP <50 ng-L™"
NT-proBNP <300 ng-L™"
RA area <18 cm?

Absent
Slow
Occasional syncope'
1
165-440 m

Peak V0, 11-15 mL-min~"-kg™"

(35-65% pred)
V'E/V'co, slope 36-44.9
BNP 50-300 ng-L~"
NT-proBNP 300-1400 ng-L~"
RA area 18-26 cm?

Present

Rapid
Repeated syncope®

%
<165 m
Peak V'0, <11 mL-min~"-kg™
(<35% pred)
V'e/V'co, slope >45
BNP >300 ng-L™"
NT-proBNP>1400 ng-L~"

RA area >26 cm?

Pericardial effusion
RAP >14 mmHg
Cl <2.0 L:-min~"-m~?
SvOz <60%

No pericardial effusion
RAP <8 mmHg
Cl >2.5 L'min~":m™?
SvOz >65%

No or minimal, pericardial effusion
RAP 8-14 mmHg
Cl 2.0-2.4 L-min~2.m~?
Sv0, 60-65%

WHO: World Health Organization; 6MWD: 6é-min walking distance; NT-proBNP: N-terminal pro-brain natriuretic peptide; CMR: cardiac
magnetic resonance; V'0,: oxygen uptake; V'E/V'co,: ventilatory equivalents for carbon dioxide; BNP: brain natriuretic peptide; RA: right atrium;

RAP: right atrial pressure; Cl: cardiac index; Sv0,: mixed venous oxygen saturation.

#. most of the proposed variables and cut-off values are

based on expert opinion. They may provide prognostic information and may be used to guide therapeutic decisions, but application to individual
patients must be done carefully. One must also note that most of these variables have been validated mostly for idiopathic pulmonary arterial
hypertension and the cut-off levels used above may not necessarily apply to other forms of pulmonary arterial hypertension. Furthermore,
the use of approved therapies and their influence on the variables should be considered in the evaluation of the risk. T: occasional syncope
during brisk or heavy exercise, or occasional orthostatic syncope in an otherwise stable patient. *: repeated episodes of syncope, even with
little or regular physical activity. Reproduced from [7] with permission from the publisher.

DOI: 10.1183/16000617.0077-2016

predict prognosis in PAH patients. The first of these registries was the US-based NIH registry, data from
which were used to investigate how haemodynamic, pulmonary and demographic factors affected survival
rates in patients [9]. Of note, this early registry was established in 1981 and patients were enrolled and
followed up in an era when PAH-specific therapies were not available. Two more recent ongoing PAH
registries are the US-based REVEAL registry [43, 44] and the French Pulmonary Hypertension Network
(FPHN) registry [38]. REVEAL (established in 2006) and FPHN (established in 2002) are both
observational, prospective registries of patients diagnosed with PAH. They were implemented during the
same era of disease knowledge, patient management and treatment, but were developed independently
with different enrolment criteria, data collection and timing of follow-up. REVEAL enrolled adult and
paediatric patients with WHO group 1 PH who met haemodynamic criteria (mean PAP >25 mmHg at
rest or >30 mmHg with exercise, mean pulmonary arterial wedge pressure or left ventricular end-diastolic
pressure of <18 mmHg and PVR of >3 Wood units), and were receiving treatment for PAH at the time of
enrolment. The FPHN registry enrolled all group 1 PH patients irrespective of aetiology, and included
newly diagnosed patients (incident cases) and patients for whom a PAH diagnosis had been established
before enrolment in the registry (prevalent cases).

The FPHN initiated the national prospective registry to investigate real-world survival of patients with
PAH during a 3-year follow-up period [11, 38]. Based on the data collected in this registry, factors such as
sex, 6MWD at diagnosis and cardiac output at diagnosis were identified as being independent prognostic
markers at baseline for determining PAH disease severity [8, 38]. These factors were then incorporated
into the development of the French registry risk equation, exp(—0.02-0.28xt)*®¥?, which estimates the
chance of survival from diagnosis after a given period of time. Predicted survival is calculated from the
function A®Y?, which was determined using a Cox proportional hazards model, where x is the distance
walked in metres at diagnosis, y is a sex function (l1=female, 0=male) and z is the cardiac output in
L-min™" at diagnosis [8]. It is important to note that the French registry risk equation was designed to
have prognostic value at baseline, but was not designed for serial assessment. The equation has also been
used to determine the effectiveness of a dual combination treatment regimen [45]. Expected survival of
newly diagnosed WHO FC II-IV patients on initial dual oral combination therapy, consisting of an
endothelin receptor antagonist and a phosphodiesterase type 5 inhibitor, was calculated using the French
registry risk equation [45]. Actual survival rates in this group of patients were 97%, 94% and 83% at 1, 2
and 3 years, respectively, compared with the calculated expected survival rates of 86%, 75% and 66%,
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respectively [45]. Similarly, another study determined the effectiveness of a triple combination treatment
regimen using this equation. Expected survival in newly diagnosed WHO FC III/IV PAH patients,
initiated on upfront triple combination therapy consisting of intravenous epoprostenol, bosentan and
sildenafil was calculated [46]. Overall survival estimates in these patients were 100% at 1, 2 and 3 years
compared with an expected survival, calculated from the French registry equation, of 75%, 60% and 49%,
respectively [46].

Data from the REVEAL registry have been used to develop a predictive model for survival in PAH. One of
the pre-specified objectives of the REVEAL registry was to identify predictors of survival in a PAH
population, in the context of treatment at the time and clinical variables [43]. This registry subsequently
highlighted a number of factors, including WHO FC, haemodynamic and echocardiographic parameters
and other criteria, that were indicative of a mortality risk in PAH patients [12]. A quantitative equation for
predicting survival was developed [10, 12] and was prospectively validated in a cohort of newly diagnosed
PAH patients from the REVEAL registry [10]. A simplified risk score (figure 1) based on the prognostic
equation was developed, which was designed to be simple and easy enough to be adopted in everyday

PAH Risk Score

APAH-CTD  APAH-PoPH FPAH

WHO group |

SUbgroup +1
. Renal insufficiency Males age >60 years
Demographics

and comorbidities +1
NYHAMHO

functional class +1

SBP <110 mmHg  HR >92 beats:min-!

+1 +1

2440 m <165 m

Vital signs

6-min
walk test +1

>180 pg-mL~!

Pericardial effusion

+1

Echocardiogram

Dico >80 % pred  Dico <32 % pred

Pulmonary
function test

CBE

mRAP >20 mmHg  PVR >32 Wood units
with 1 year

Right heart

catheterisation +1 -

SUM OF ABOVE

+

BERligigupigigngigngt

= RISK SCORE

FIGURE 1 Simplified REVEAL (Registry to Evaluate Early And Long-term PAH Disease Management) risk score.
PAH: pulmonary arterial hypertension; WHO: World Health Organization; NYHA: New York Heart Association;
BNP: brain natriuretic peptide; APAH; associated PAH; CTD: connective tissue disease; PoPH: portopulmonary
hypertension; FPAH: familial PAH; SBP: systolic blood pressure; HR: heart rate; DLco: diffusing capacity of the
lung for carbon monoxide; mRAP: mean right atrial pressure; PVR: pulmonary vascular resistance. Reproduced
from [10] with permission from the publisher.
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clinical practice, compared with the relatively complex REVEAL risk equation [10]. The simplified
REVEAL risk score is defined by single measurements of each variable, with one point being allocated for
factors that are responsible for a statistically significant increase in 1-year mortality risk and two points
being allocated for factors that are responsible for a greater than two-fold increase in 1-year mortality risk
(figure 1) [10]. Recent improvements to the risk score have been made by incorporating serial assessments
of risk scores over 1 year, which were shown to improve survival prediction compared with using only
baseline measurements [47]. This study found that alterations in WHO FC, systolic blood pressure, BNP
levels, MWD, heart rate and pericardial effusion status were most likely to lead to a change in risk score
within 1 year. No single parameter was the primary source of change, highlighting the need for
multifactorial risk assessment [47]. The simplified REVEAL risk score has been shown to have comparable
performance in predicting survival rates when validated against the REVEAL risk equation (figure 2) [10].
This score was also validated in an independent US single-centre PAH cohort, which included patients
with similar baseline characteristics to those in the REVEAL registry cohort, although the former cohort
included more patients with severe disease [48].

Both the simplified REVEAL risk score and French registry risk equation have been independently
validated in a recent collaborative analysis [49]. This was conducted by retrospectively applying the French
registry risk equation parameters to the REVEAL cohort data and the REVEAL risk score to the French
registry cohort. Only data that met the inclusion criteria for both equations were included in the analysis,
and the survival scores derived using each equation were compared with those obtained from their

al 100qy======

7 A 95.1+1.8%
904 il ST LIILIIuIIIIIIIiTTiiiiiiiiooooocC T 91.5+2.4%
[P TTTT e BA4.6t4.3%
g0 00T L + °
c,\° 76.3+4.8%
s 70 e,
2 '
2
£ 601 —— Lowln=153)  heeeeeeeeeooes ---. 58.2+6.9%
R Average (n=135)
501 . Moderately high (n=76)
40- High (n=85)

Very high (n=55)

0 1 2 3 4 5 6 7 8 9 10 11 12
Time from enrolment months

Atrisk n
Low 153 150 149 145 144 144 144 135 134 133 117 117 116
Average 135 130 128 125 122 121 121 115 114 114 98 98 98

Mod. high 76 74 72 69 69 67 66 62 62 62 58 57 56
High 8s 79 77 7% 72N 71 63 63 63 55 55 54
Very high 55 49 46 44 44 42 4] 36 34 30 28 28 27

b] 100'771 ............ -

T S 95.2+1.8%
904 i T T e snnseen oo s o oo - - -2 2201 512 .99,
,,,,,,,,,,,,,,,, - 88.6+3.6%
_o80{ T ,,
i o - 71.9+4.3%
2 ---- 65.9£7.2%
; 604 —— Score 1-7 (n=159)
17 S A Score 8 (n=98])
501 ... Score 9 (n=86)
404 Score 10-11 (n=115)

Score 212 (n=46)

-

T T T T T T T T T T T 1
0 1 2 3 4 5 6 7 8 9 10 11 12
Time from enrolment months

At risk n

Score 1-7 159 156 155 151 150 150 150 141 140 139 120 120 119
Score 8 98 93 91 89 87 86 86 84 81 81 71 71 71
Score 9 86 84 84 81 80 78 77 73 72 72 65 b4 b4
Score 10-11 115 107 102 99 96 95 95 85 85 82 74 74 72

Score 212 46 42 40 38 38 3 3 31 29 28 26 26 25

FIGURE 2 1-year survival in the REVEAL (Registry to Evaluate Early And Long-term PAH Disease Management)
validation cohort as predicted according to the a) risk prognostic equation and b) simplified risk score. PAH:
pulmonary arterial hypertension. Reproduced from [10] with permission from the publisher.
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“native” populations. The REVEAL risk score and the French registry risk equation appear accurate and
well calibrated in the French registry and REVEAL validation cohorts, respectively [49], suggesting their
generalisability in different PAH populations. Application of the French registry risk equation parameters
to REVEAL and REVEAL risk scores to the French registry cohort demonstrated estimated hazard ratios
that were consistent between studies and had high probabilities of concordance [49].

Practical considerations for risk assessment

There are several considerations that should be taken into account regarding risk assessments. All risk
assessments should be considered in terms of the individual patient and their pertinent history and
current PAH-specific therapy. For example, data from national PAH registries in the USA and Europe
have shown improved survival rates amongst prevalent patients compared with incident patients [8], and a
recent comparison of outcomes of these subgroups in a randomised controlled PAH trial showed that
incident patients have a higher risk of disease progression [50]. Therefore, an incident patient in an
intermediate or high-risk category might be considered to have a worse prognosis than a prevalent patient
in the same risk category, if on similar PAH-specific therapies. However, a patient’s prognosis may also be
affected by their previous exposure to therapy. For example, a newly diagnosed, treatment-naive incident
patient may have the same high-risk assessment as a patient who has been on double or triple therapy for
some time and has been clinically declining. In this situation the treatment-naive patient may respond to
initial therapy [6, 7], whereas the patient with a high-risk profile despite treatment with double or triple
therapy will be coming to the end of medical treatment options and should, therefore, be considered as a
priority case for lung transplantation if eligible. The rate of disease progression should be considered as an
important part of risk assessment, with rapid deterioration being indicative of high risk [6, 7]. Another
important consideration regarding risk assessment is that patients should not calculate their risk
themselves, as this increases the possibility of misinterpretation. As with any other medical test, it is
essential that healthcare professionals be present to discuss the results of risk assessment to ensure that
they are put into appropriate context for a given patient and to consider the next steps with regards to
treatment strategy.

In PAH in general, risk assessment allows the determination of patient prognosis and the monitoring of
responses to therapy, and can aid decision-making with respect to treatment choices. It can also provide
confirmation to physicians that their impression of how well a patient is doing is correct. This approach of
regular risk assessment is strongly recommended within the current ESC/ERS guidelines [6, 7]. However,
it should be noted that the tools and parameters discussed in this article have mainly been evaluated in the
context of baseline risk assessment and very few data are available on their use in the on-going assessment
of risk. Tools for dynamic assessment at multiple follow-up time-points would benefit evaluation of the
impact of time-dependent variables on clinical outcomes [51].

In addition to the general considerations regarding risk assessment, there are specific advantages and
limitations to be taken into account. When taking the approach of risk assessment according to the 2015
ESC/ERS PH guidelines, an important advantage is that it can be used at follow-up as well as at baseline.
This approach also has the advantage of being multifactorial, using clinical, imaging and haemodynamic
findings that are easily and routinely obtained at PH centres. It also allows more flexibility for a clinician
to use their own judgement. However, the comprehensive approach according to the 2015 ESC/ERS PH
guidelines means that it can be complex and relies on good clinical judgement, particularly when
considering a difficult case. The 2015 ESC/ERS PH guidelines approach lacks validation as to whether risk
stratification correlates with prognosis. Furthermore, this approach may increase the potential for
inter-clinician variation: if a patient shows a range of risks across the variables, the physician’s decision on
the overall risk is subjective and the assessment could vary between different physicians.

The REVEAL risk score is straightforward to use and provides quantitative outcome measurements rather
than qualitative outputs obtained from clinicians, which is an important advantage since the latter may
vary substantially between physicians [52]. While the REVEAL risk equation and risk score have
prognostic value at baseline, a limitation is that there has only been one analysis that has evaluated the
prognostic implications of changes in the risk score after 12 months [47]. This analysis found that changes
in REVEAL risk scores occurred in most patients over a 12-month period and were predictive of survival
[47]. Further data are required to support the use of the risk equations and risk score to assess subsequent
risk. It is also important to note that the REVEAL risk score and the French risk equation are
population-based, and cannot precisely predict what will happen in an individual patient. In addition,
some of the variables in the REVEAL risk score, such as age and PAH aetiology, are not modifiable.
Variables may change over a 12-month period, suggesting that a patient’s condition has improved or
deteriorated; however, this may be offset by non-modifiable variables, potentially leading to an inaccurate
evaluation of the patient’s prognosis. With this in mind, non-modifiable variables should be discounted at
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follow-up assessments to provide a more accurate estimation of the patient’s condition. A further point to
consider is the potential for the under-use of all risk scores amongst some clinicians, who rely more on
their own clinical judgement and opinion.

Conclusion

Risk assessment forms an essential part of disease management in PAH and should be performed on a
regular basis using a combination of parameters. Regular and consistent multifactorial follow-up is vital to
ascertain a patient’s response to treatment and to analyse symptom and disease progression. The latest
2015 ESC/ERS PH guidelines include updated recommendations for patient assessment, risk stratification
and treatment goals in PAH [6, 7]. Data from patient registries have provided evidence for a number of
prognostic factors in PAH [38-43]. Such data have led to the development of two independent risk
scoring systems, the French registry equation [8] and the REVEAL risk score [12]. The REVEAL risk score
has since been refined further to develop it for use in serial assessments [47] and to make it more useful
in general practice. These risk assessment tools have proven to be effective in accurately predicting survival
in multiple patient cohorts [10, 46, 49], indicating their prognostic generalisability in different PAH
populations. The ability of current tools to evaluate risk over time needs to be validated, and the possible
limitations should be taken into consideration in the development of future risk assessment tools. It is
important to acknowledge the limitations of the PAH risk assessment methods that are currently available,
such as the lack of data to support the use of these tools to assess risk over time. Finally, it is important
that risk assessment is considered in conjunction with the patient’s current treatment as it provides the
framework for continuous re-evaluation and re-adjustment of treatment strategies so that the best outcome
for the individual patient can be achieved.
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