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ABSTRACT

Introduction: Current guidelines for the man-
agement of pulmonary arterial hypertension
(PAH) recommend regular multi-parametric
assessment of a patient’s risk of clinical wors-
ening or death, with the goal of achiev-
ing/maintaining a low-risk status. This
international survey investigated how physi-
cians currently assess risk and compared their
clinical gestalt (judgement of risk) with the risk
calculated using an algorithm based on the
European Society of Cardiology (ESC)/European
Respiratory Society (ERS) pulmonary hyperten-
sion guidelines and demonstrated to provide
accurate mortality estimates.

Methods: PAH-treating physicians from Europe
and the United States were surveyed on (1) how
frequently they evaluated the recommended
risk-assessment parameters and (2) to complete
patient record forms (PRFs) with details on 5-7
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recent adult PAH patients receiving treatment.
For each PRF, physicians provided (1) their
gestalt judgement of current risk and (2) details
of the risk-assessment parameters measured. In
accordance with the published method, mea-
surements for > 2 (of 6 selected) variables were
required to calculate risk. Each variable was
assigned a score of 1, 2 or 3 according to whe-
ther the measurement was within the thresh-
olds for the low-, intermediate- or high-risk
categories, as defined in the ESC/ERS guidelines.
The average score represented the patient’s cal-
culated risk.

Results: In total, 90 physicians (52 cardiolo-
gists, 38 pulmonologists) completed the survey,
providing a total of 623 PRFs; of these, 365
(59%) included > 2 measurements required to
calculate risk. Among these patients, the per-
centages assigned to low-, intermediate- and
high-risk categories based on gestalt/calculation
were 32%/15%, 45%/68% and 22%/17%,
respectively. Overall, there was concordance
between the gestalt and calculated risk category
for 45% of patients. The greatest level of dis-
parity was for patients judged to be at low risk,
where 80% were assigned to higher risk cate-
gories based on their calculated risk.
Conclusions: The results of this survey
demonstrate that multi-parametric risk assess-
ment is being performed in clinical practice, but
not always to the extent recommended in the
current guidelines. Further study on the utility
of more regular measurement is required.
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INTRODUCTION

Pulmonary arterial hypertension (PAH) is a
progressive, severely debilitating and incurable
disease characterised by increased pulmonary
vascular resistance and pulmonary arterial
pressure, which ultimately leads to right heart
failure and death. Although survival has
improved in the modern management era [1-3]
compared with historical data [4], the prognosis
remains poor [5]. Therefore, assessment of a
patient’s risk of disease progression and mor-
tality has become an essential part of PAH
management and is now centred around risk-
based treatment algorithms [6-9].

Based on a growing body of evidence, the
current guidance [8, 9] from leading experts
recommends regular multi-parametric risk
assessment whereby patients are classified as
being at low (< 5%), intermediate (5-10%) or
high (> 10%) risk of 1-year mortality [6-9]. It is
recommended that a comprehensive assess-
ment should be conducted at baseline (i.e.
diagnosis/treatment initiation); in the event of
clinical worsening, at least every 6-12 months
routinely; and 3-6 months after a change in
therapy [7-9]. To aid risk classification, the 2015
European Society of Cardiology (ESC)/European
Respiratory Society (ERS) pulmonary hyperten-
sion (PH) guidelines outline 9 determinants of
prognosis, comprising 13 variables and their
corresponding low-, intermediate- and high-risk
thresholds. These variables include clinical and
functional assessments, biochemical markers,
and imaging and haemodynamic parameters
[9]. The patient’s overall risk at a given time-
point is a composite measure of the individual
variables, which may not all fall into the same
risk category. It is the patients’ overall risk that
is to be used to drive decisions on whether and
how to escalate treatment, with the goal of
achieving/maintaining a low-risk status [6-9].

Translating all available measures and indi-
cators of patient risk into a single risk category
can pose a significant challenge for the treating
physician and, as a result, research has focused
on development of standardised tools and pro-
tocols for risk stratification. Several groups have
retrospectively analysed data from prospective
PAH registries to develop scoring systems that
can aid risk assessment in clinical practice. For
example, the Registry to Evaluate Early and
Long-Term PAH Disease management (REVEAL)
has been used to develop a calculator in which
measurements for 12-14 variables are entered
and their prognostic values weighted in order to
derive a final risk score [10, 11]. Other studies
have also taken a systematic approach to accu-
rately predict risk of mortality, with the aim of
developing a tool/scoring system that could be
easily implemented in clinical practice without
placing too much burden on the patient. These
include analyses performed using data from the
Swedish PAH Registry [12] and the Compara-
tive, Prospective Registry of Newly Initiated
Therapies for Pulmonary Hypertension (COM-
PERA) study [13], which assigned risk to
patients newly diagnosed with PAH using a
scoring system whereby an overall risk score was
obtained by averaging scores based on at least
two measurements across 6-8 of the 13 variables
outlined in the ESC/ERS guidelines. Each of
these risk assessment strategies were able to
accurately stratify patients according to their
1-year mortality estimates [10-13]. In another
study, data from the French PH Registry were
used to calculate patients’ risk according to the
number of low-risk criteria present from a total
of 3, 4 or 5 variables, and found that a greater
number of low-risk criteria was indicative of
better survival [14]. While the approaches taken
in each of the studies described above differed,
all point to the same conclusions: that regular
risk assessment can and should be performed.

While there is now a clear mandate for risk
assessment in the management of PAH, how
this is implemented in clinical practice remains
unclear. To the best of our knowledge, this is
the first international study conducted to
investigate how physicians currently assess risk
of clinical worsening or death in patients with
PAH, and how closely they adhere to the
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recommendations on risk assessment in the
2015 ESC/ERS guidelines. The aim of this study
was to investigate how physicians assess PAH
patient risk in clinical practice and to explore
differences and similarities between the risk
category assigned to patients by the treating
physician (gestalt judgement of risk) and the
risk category calculated using a published algo-
rithm for risk assessment (calculated risk) [13].

METHODS

Participants

The study included respondents from France,
Germany, Italy and the United States (US). Data
were collected between October 9 and Novem-
ber 6, 2017. Respondents were cardiologists and
pulmonologists who had worked in their spe-
cialty for between 2 and 30 years, and who
managed at least 7 patients with PAH at the
time of the survey. Full eligibility criteria for
survey respondents are described in Supple-
mental Table 1. Respondents were predomi-
nantly recruited via panel databases
(membership of which was reliant on relevant
privacy permission) maintained by GLocalMind
Inc. (Texas, US). Respondents were remunerated
for their participation (equivalent range
US$60-80 per respondent, in accordance with
fair market value rates).

Development of Questionnaire

The questionnaire (Supplementary appendix)
was developed by Cello Health Insight (London,
UK) in collaboration with Actelion Pharmaceu-
ticals (Allschwil, Switzerland) and was con-
ducted by Cello Health Insight. The
questionnaire was developed in English, with
French, German and Italian translations pre-
pared by GlobaLexicon (London, UK). The
accuracy of the translations was confirmed by
Cello Health Insight’s language team in part-
nership with Actelion Pharmaceuticals. A pilot
survey was conducted in the US with 6 of the 90
respondents in total to confirm that data could
be collected accurately with no programming

errors and that the questions were understood
by the respondents with no ambiguity.

Execution of Questionnaire

The questionnaire was completed by respon-
dents online. Respondents first had to answer
some initial screening questions, to determine if
they met the study’s eligibility criteria (Supple-
mentary Table 1). Eligible respondents were
then asked to complete 3 tasks, relating to the 9
parameters defined as “determinants of prog-
nosis” in the 2015 ESC/ERS guidelines (Table 1)
[9]. Respondents with missing or invalid entries
were removed from the final analysis set.

The first task consisted of several general
questions to determine (1) which parameters
respondents used to assess their PAH patients
when evaluating prognosis, severity, clinical
worsening and/or response to therapy (hereafter
referred to as risk), (2) the timepoint(s) at which
they performed the assessments, and (3) how
often they performed the assessments. Note, no
minimum number of variables were required to
be reported by physicians for data to be included
in this survey; however, at least 2 variables were
required for the subsequent risk calculation.

The second task was a maximum-difference
scaling survey used to rank the 9 parameters in
terms of their importance to respondents for
assessing risk, on a common scale. There were 9
evaluation rounds in the survey. Each round
contained a different choice set of 4 of the 9
parameters, with each parameter being pre-
sented 4 times in total. From each choice set,
respondents were asked to select the most and
least important parameter in their practice for
risk assessment in patients with PAH. The
maximum difference means were calculated
from the difference between the number of
times each parameter was chosen as the most or
the least important (the ‘count’), and ranking
parameters based on these differences. Impor-
tant parameters were defined as those that score
between 1 and 49% higher than the average for
all parameters.

In a third task, all respondents were asked to
provide details of the 5-7 most recent adult
patients with PAH they had managed in patient
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Table 1 Threshold values from the 2015 ESC/ERS guidelines to aid risk assessment [9]

Determinants of prognosis/parameter

(estimated 1-year mortality)

Low risk (score = 1)

Intermediate risk (score = 2)

High risk (score = 3)

Clinical signs of right heart failure

Progression of symptoms
Syncope

WHO FC

6MWD

CPET

NT-proBNP plasma levels®

Imaging (CMR imaging,
echocardiography)

Haemodynamics

Absent
No

No
FCIL II
> 440 m

Peak VO, > 15 mL/min/kg
(> 65% predicted)

VE/VCO, slope < 36

BNP < 50 ng/mL OR NT-
proBNP < 300 ng/mL

RA area < 18 cm?
No pericardial effusion

RAP < 8 mmHg

Absent

Slow

Occasional syncope
FC III

165-440 m

Peak VO, 11-15 mL/min/kg
(35-65% predicted)

VE/VCO, slope 36-44.9

BNP 50-300 ng/mL OR NT-

proBNP 300-1400 ng/mL
RA area 18-26 cm?

No or minimal pericardial effusion

RAP 8-14 mmHg

Present

Rapid

Repeated syncope
FC 1V

<165 m

Peak VO, < 11 mL/min/kg
(< 35% predicted)

VE/VCO, slope > 45

BNP > 300 ng/mL OR NT-
proBNP > 1400 ng/mL

RA area > 26 cm”
Pericardial effusion

RAP > 14 mmHg

CI 2 2.5 L/min/m2
SV02 > 65%

CI < 2.5 L/min/m>
SvO, < 60%

CI 2.0-2.5 L/min/m>
SvO, 60-65%

Table adapted with permission from Gali¢ et al. Eur Heart J. 2016;37:67-119. Copyright © 2015, Oxford University Press

For patient record forms with measurements for at least two of the parameters shown in bold above, risk was calculated by assigning a score of 1, 2
or 3 for each parameter measure in the low-, intermediate- and high-risk category, respectively, with the average score (rounded to the nearest
integer) being the patient’s calculated risk; e.g. for a patient with three parameter measurements in the low category and two parameter
measurements in the intermediate category, they would be classified as low risk [1 + 1+ 1 4+ 2 + 2/5 = 1.4 — 1 (0 decimal places)]
6MWD 6-minute walk distance; BNP brain natriuretic peptide; CI cardiac index; CMR cardiac magnetic resonance; N7-proBNP, N-terminal
pro-brain natriuretic peptide; RA, right atrium; RAP, right atrial pressure; SvO, mixed venous oxygen saturation; VE/VCO, ventilatory
equivalents for carbon dioxide; 0, oxygen consumption; WHO FC New York Heart Association/World Health Organization functional class
* For patient record forms with both a BNP and a NT-proBNP measurement, only the NT-proBNP measurement was used to calculate risk

record forms (PRFs). Patients were included if
they were currently receiving an endothelin
receptor antagonist as mono- or combination
therapy and were not taking part in a clinical
trial. Quality checks were performed to ensure
that all reported variables had a corresponding
and appropriate value entered. Respondents
were asked “In your opinion, how would you
describe the patient’s current level of risk in
terms of clinical worsening or death”, hereafter
referred to as gestalt judgement.

Calculation of Risk

In the PRFs, respondents were asked to provide
each patient’s measurements, where available,
from the last clinic visit for the 13 variables
(across the 9 parameters/determinants) speci-
fied in the ESC/ERS guidelines (Table 1). ‘Cal-
culated risk’ refers to patient risk, as calculated

using the strategy published by Hoeper et al.
[13], which provided accurate 1-year mortality
estimates for patients with PAH. Risk scores
were calculated from all PRFs that included
measurements for > 2 of the following variables
at the most-recent clinic visit: New York Heart
Association/World Health Organization func-
tional class (WHO FC), 6-min walk distance
(6MWD), brain natriuretic peptide (BNP) or
N-terminal pro-BNP (NT-proBNP) plasma levels,
right atrial pressure (RAP), cardiac index (CI)
and mixed venous oxygen saturation (S,0;). All
variables were assigned a score of 1, 2 or 3
according to whether the measurement was
within the ESC/ERS guideline thresholds for the
low-, intermediate- or high-risk categories,
respectively. The average score (rounded to the
nearest integer) was calculated and this repre-
sented the patient’s calculated risk category, i.e.
average scores of > 1 to < 1.5 were considered
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low risk, average scores of > 1.5 to <2 were
considered intermediate risk and > 2 to 3 were
considered high risk [13].

Statistical Analysis

For the maximum-difference scaling, R lan-
guage was used to process the raw data and a
pre-compiled STAN Hierarchical Bayes model
was used to determine the importance value,
with a mean importance value of 100. To ensure
the stability and consistency of the results, the
analyses were run several times with varied
parameters. No other formal statistical com-
parisons were made, and all data are presented
descriptively.

Compliance with Ethics Guidelines

Cello Health Insight is a member of the British
Healthcare Business Intelligence Association
and the Furopean Pharmaceutical Market
Research Association, and this research was
conducted in accordance with their guidelines
on market research. All methods performed in
studies involving human participants were in
accordance with the ethical standards of the
national research committee and with the 1964
Helsinki declaration and its later amendments
or comparable ethical standards. Informed
consent was obtained from all individual par-
ticipants included in the study.

RESULTS

Characteristics of Physicians and Patients

In total, 94 physicians, including 54 (57%) car-
diologists and 40 (43%) pulmonologists com-
pleted the survey. Four physicians (two
cardiologists and two pulmonologists) were
removed from the analysis due to missing or
invalid information. The distribution of physi-
cians by country, specialty, work setting, years
qualified in their speciality and the number of
PAH patients under their care is provided in
Supplemental Table 2.

In total, physicians provided 623 PRFs and
valid measurements were entered for all vari-
ables reported. Over half (56%) of patients were
female, average age was 56.4 years, all patients
had a time-from-PAH diagnosis until survey
start of > 13 months (65% ranged from 13 to
48 months), and PAH aetiology was idiopathic
in 54% of cases (Table 2).

Identification of the Parameters Measured
by Respondents to Assess Risk

Table 1 shows the 9 parameters, comprising 13
variables, set out in the 2015 ESC/ERS guidelines
that respondents were asked to consider during
the questionnaire. Regarding the relative impor-
tance of these parameters with respect to assessing
risk of clinical worsening or death in patients with
PAH, progression of symptoms was considered by
respondents to be the most important (score >

150; ‘very important’), followed by haemody-
namics, WHO FC, clinical signs of right heart
failure and 6MWD (scores between 100 and 150;
‘important’) (Supplemental Fig. 1).

Figure 1 shows the frequency at which physi-
cians recall measuring each of the 9 parameters,
together with the percentage of PRFs that inclu-
ded a measurement for that parameter at the last
patient visit. None of the 9 parameters were
assessed by all physicians; according to physi-
cians, the parameter most often measured was
progression of symptoms (91%), and the least
often measured was cardiopulmonary exercise
testing (CPET; 54%). To determine the stage(s) at
which these parameters are measured, physicians
were asked which assessments they perform at
diagnosis/treatment initiation (hereafter referred
to as ‘baseline’), follow-up, after a change in
therapy, and/or in case of clinical worsening. For
all parameters, physicians reported that they per-
formed the assessments at baseline more often
than at any follow-up visit. For parameters that
can be assessed during a routine consultation with
patients (e.g. symptom progression, WHO FC,
clinical signs of right heart failure and syncope),
the percentage of physicians reporting assessment
remained relatively stable across baseline and
follow-up visits (less than 20 percentage points
lower at follow-up vs. baseline). In contrast, for
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Table 2 Patient demographics and disease characteristics

Characteristic

All patient
record forms

Patient record forms included in
risk calculation analysis

Patient record forms excluded from
the risk calculation analysis

(n = 623) (n = 365) (n = 258)
Female, 7 (%) 351 (56.3) 213 (58.4) 138 (53.5)
Age, years
Mean 56.4 56.1 56.8
SD 14.8 15.1 144
Age group, 7 (%) 623 365 (100.0) 258 (100.0)
18-30 years old 31 (5.0) 2 (6.0) 9 (3.5)
31-50 years old 183 (29.4) 104 (28.5) 79 (30.6)
51-70 years old 299 (48.0) 173 (47.4) 126 (48.8)
> 70 years old 110 (17.7) 66 (18.1) 44 (17.1)

Median (Q1, Q3) time
from PAH diagnosis,

months

Time from PAH
diagnosis 7 (%)

< 13 months

13-24 months
25-36 months
37-48 months
49-96 months

> 97 months

PAH aetiology 7 (%)

Idiopathic

Associated with another

condition

Drug or toxin induced

Heritable

Co-morbidities occurring

in > 10% patients

7 (%)

No co-morbidities

Dyspnoea

Hypertension

Congestive heart failure

36.0 (23.0, 68.0)

327 (100.0)

0 (0.0)
3 (28.4)
2 (22.0)
9 (15.0)

65 (19.9)
8 (14.7)

334 (53.6)
190 (30.5)

57 (9.1)
42 (6.7)
623 (100.0)

53 (8.5)

235 (37.7)
175 (28.1)
121 (19.4)

36.0 (23.0, 70.0)

208 (100.0)

0 (0.0)
63 (30.3)
42 (20.2)
29 (14.0)
43 (207)
31 (14.9)

198 (54.2)
113 (40.0)

29 (7.9)
5 (6.8)
365 (100.0)

8 (10.4)
148 (40.5)
99 (27.1)

0 (19.2)

36.0 (24.5, 58.0)

119 (100.0)

0 (0.0)
0 (25.2)
0 (25.2)
0 (16.8)
2 (18.5)
7 (14.3)

136 (52.7)
77 (29.8)

28 (10.9)
7 (6.6)
258 (100.0)

15 (5.8)

87 (33.7)
76 (29.5)
51 (19.8)
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Table 2 continued

Characteristic All patient Patient record forms included in Patient record forms excluded from

record forms risk calculation analysis the risk calculation analysis
(n = 623) (m = 365) (n = 258)

Type 2 diabetes mellitus 119 (19.1) 68 (18.6) 51 (19.8)

Obesity (BMI > 30kg/ 116 (18.6) 69 (18.9) 47 (182)

m?)

Anaemia 106 (17.0) 61 (16.7) 45 (17.4)

Clinical depression 104 (16.7) 68 (18.6) 36 (14.0)

Hyperlipidaemia 101 (16.2) 53 (14.5) 48 (18.6)

Systemic arterial 95 (15.2) 56 (15.3) 39 (15.1)

hypertension

Sleep apnoea 91 (14.6) 54 (14.8) 37 (14.3)

Obstructive airway 89 (14.3) 48 (13.2) 41 (15.9)

disease/COPD

Ischemic heart disease 77 (12.4) 45 (12.3) 32 (12.4)

Coronary artery disease 75 (12.0) 39 (10.7) 36 (14.0)

Pulmonary fibrosis 71 (11.4) 33 (9.0) 38 (14.7)

BMT body mass index, COPD chronic obstructive pulmonary disease, HI}J” human immunodeficiency virus, PAH pul-

monary arterial hypertension, SD standard deviation

parameters that cannot be routinely assessed in a
consultation room without additional time/re-
source/equipment, such as CPET, the percentage
of physicians reportedly measuring these param-
eters at follow-up visits was up to 49 percentage
points lower than at baseline.

The percentage of measurements included in
the PRFs was broadly in alignment with the
physicians’ recollection of how often they assess
each parameter, albeit slightly lower overall
(Fig. 1). For parameters (e.g. haemodynamics)
that comprise more than 1 variable (e.g. RAP,
CI, Syv0O,), a measurement for any single variable
was considered a count, i.e., PRFs with a CI
measurement were considered to have a mea-
surement for the parameter ‘haemodynamics’.
When considering all 13 possible variables in
the guidelines, 83/623 (13%) PRFs included <
2 measurements, 374/623 (60%) included 3-6
measurements and 166/623 (27%) included > 7
measurements.

Of the 6 variables of interest for the risk cal-
culation, > 2 variables were available for

365 (59%) patients, > 3in 190 (30%) patients,
>4in 76 (12%) patients, > Sin 57 (9%)
patients, and all 6 variables were available in 39
(6%) patients. As > 2 variables were required for
risk calculation, only 365 (5§9%) of the physi-
cian-provided PRFs were included in this
analysis.

Physicians’ Gestalt Judgement of Risk

Of the 623 patients for whom physicians pro-
vided information, the physicians classified 204
(33%), 296 (48%) and 123 (20%) to be at low,
intermediate and high risk, respectively (Fig. 2).
Results were similar for the subset of patients
(n = 365) for whom a risk score could be calcu-
lated (Fig. 2).

Risk Calculation Analysis

Of the 365 PRFs included in the risk calculation
analysis, 54 (15%), 249 (68%), and 62 (17%)
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Physician-reported frequency of assessmentst

(N=90 physicians)

Patient record forms*
(N=623)

[l Considered
(At any visit)t

[l Baseline [ At follow-up

appointment

100 -
90 4 91 90 89 90 89,
80+ Rpgr7e 4, ers §
70 - o5

60 55

50 4 49

40 -

Percentage of cases in which parameter is measured

Fig. 1 Frequency of testing as reported by physicians
(7 = 90) and as evidenced by measurements included in
patient record forms (2 = 623). TAll respondents (»

= 90) were first asked “which [of the nine] parameters do
you consider in order to assess your adult PAH patients,
e.g. when assessing prognosis, severity, clinical worsening
and/or assessing a patients response to therapy?” and to
select all that apply. For each parameter they selected,
respondents were then asked “For each parameter, when do
you perform the assessment” and to select “at baseline/
treatment initiation’, “at follow-up appointment”, “after

were calculated to be in the low-, intermediate-
and high-risk categories, respectively (Fig. 2).

Comparison of Physicians’ Gestalt
Judgement of Risk with Calculated Risk

The concordance between physicians’ gestalt
judgement of patients’ risk and calculated risk is
shown by gestalt risk category in Fig. 3. Overall,
the gestalt and calculated risk categorisations
aligned for 45% of patients, with the greatest

After change
in therapy

86

In case of
clinical worsening

1 Measurement from the
last clinic visit included*

78

72
69 69 68

63 65

51, 50

40
36 8

2727
0 21

change in therapy”, and/or “in case of clinical worsening’
and to sclect all that apply. *For parameters that are
comprised of more than one variable, a2 measurement for
any one of its component variables was considered a count,
i.e. PRFs with a cardiac index measurement were consid-
ered to have a measurement for the parameter ‘haemody-
namics’. 6MWD 6-min  walk distance; CPET
cardiopulmonary exercise testing; NT-proBNP N-terminal
prohormone of brain natriuretic peptide; PRF patient
record form; RHF right heart failure; WHO-FC World
Health Organization functional class

agreement observed in the largest group, i.e.
those judged as intermediate risk. For patients
judged to be at low risk (n = 118), 94 (80%) were
calculated as being at higher risk. There was also
poor concordance between gestalt and calcu-
lated risk categories for patients judged to be at
high risk (n = 81), with 69% of patients calcu-
lated as being at lower risk. The overall con-
cordance between gestalt and calculated risk
scores was similar for EU and US physicians
(40.3% vs. 39.3%, respectively) and for
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Clinical gestalt

N=623
(All patient record forms)

296
166
(48%) (45%)

. Low

Fig. 2 Gestalt and calculated risk. Gestalt risk: respon-
dents were asked “in your opinion, how would you describe
the patient’s current level of risk in terms of clinical
worsening or death?” and to select either low, intermediate

1001

| [ S
80
70

60
o) 688 69.9

40 7 64.2
30

20
10 20.3 15.7

Percentage of patient record forms

4.9
Low Intermediate High |

Calculated low
Calculated intermediate
M Calculated high

Fig. 3 Concordance between gestalt and calculated risk,
for patient record forms included in the risk calculation
analysis, by gestalt risk category. Dozs indicate where gestalt
and calculated risk are in agreement

pulmonologists and cardiologists (43.0% and
38.7%) (Supplementary Fig. 2).

For patients judged to be at low risk, the
concordance with the risk categories for the

N=365
(Patient record forms included
in risk calculation analysis)

Intermediate

Calculated risk

N=365

249
(68%)

M High
or high risk. Calculated risk: The 6 variables used to

calculate risk of 1-year mortality are outlined in Table 1
and are: WHO FC, 6MWD, BNP/NT-proBNP, RAP,

cardiac index, SvO,

individual variable measurements, as defined by
the thresholds set out in the ESC/ERS guideli-
nes, is shown in Fig. 4. The variables with the
greatest percentage of discordance (i.e., cases in
which the risk category of the individual mea-
surement would be classed as intermediate or
high according to the guidelines) were RAP
(n=22), 6 MWD (n=102), and NT-proBNP
levels (n=61), with 82%, 52% and 51% of
measurements, respectively, being within the
bounds of either intermediate- or high-risk cat-
egories. Moreover, 9% of 6MWD measurements
(n=9) and 41% of RAP measurements (n = 9)
were within the bounds of the high-risk cate-
gory. Supplementary Fig. 3 shows the same for
patients judged to be intermediate (A) and high
(B) risk.

DISCUSSION

In recent years, the assessment of clinical
worsening or death in patients with PAH has
become increasingly important for informing
treatment decisions, with experts now recom-
mending physicians perform multi-parametric
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Fig. 4 Classification of individual variable measurements from patient record forms judged as low risk by physicians

(n = 118). Data labels are percentages

risk assessment regularly at routine appoint-
ments [6-9]. To our knowledge, this is the first
international survey of physicians to investigate
how risk assessment is currently being imple-
mented in clinical practice and the results show
that there are differences between physicians’
gestalt judgement of patient risk and patient
risk as calculated using an objective algorithm.
It is important to note that 41% of the patients
were excluded from the risk calculation analysis
due to insufficient measurements, indicating
that risk assessment as recommend in the ESC/
ERS guidelines may often not be performed.
This study captured which parameters
physicians measure and how often they do so,
based on both physicians’ recollection of their
usual practice and on which measurements
were present in the PRFs. These 2 sets of infor-
mation were broadly aligned and demonstrate
that most physicians evaluate progression of
symptoms, clinical signs of right heart failure
and WHO FC, with NT-proBNP levels, CPET and
haemodynamics being less frequently assessed.
Overall, haemodynamics and CPET were the
parameters least likely to be measured at follow-
up, which is not in contravention of the
guidelines, as they suggest assessment of these
every 6-12 months [8, 9], nor is it unexpected,
given that many centres do not have access to

CPET and many do not perform right heart
catheterisation routinely to avoid potentially
unnecessary invasive procedures [15]. However,
it does seem to disagree with the results from
the maximume-difference scaling survey, which
demonstrated that physicians consider haemo-
dynamics as the second-most important
parameter for assessing prognosis. This apparent
misalignment may be partly explained by the
finding that physicians stated that they measure
these 2 parameters more often at baseline than
at follow-up visits. Given the inclusion criterion
that patients must currently be receiving an
endothelin receptor antagonist and that, for all
patients with a value reported, the time from
diagnosis was at least 13 months, the most
recent clinic visit for these patients was likely to
have been a follow-up visit. In addition, the
exact timing of the last visit was not captured in
this survey, so another possible reason for
misalignment may be that it did not fall within
the timeframe suggested for these assessments.

Our study demonstrates a discordance
between physicians’ gestalt judgement of risk
and calculated risk. For example, of the patients
judged to be at low risk (n =118), 80% were
calculated to be at higher risk and of the
patients judged to be at high risk (n = 81), 69%
were calculated to be at lower risk. The reasons
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for this lack of agreement are not clear, but
could be due to several factors. First, physicians
may not be measuring enough parameters to
produce an accurate algorithm-based estimate
of risk. In the Hoeper analysis, 95.3% of patients
had at least 4 variables measured and 55.4% had
all 6 [13], compared with 12.2% and 6.3% in
this study, respectively. In addition, it is possi-
ble that physicians may not agree with, or
strictly apply, the parameter thresholds given in
the guidelines. Finally, a physician’s clinical
gestalt is based on more than just the assess-
ments used in the algorithm to calculate risk,
such as the patient’s disease aetiology, age,
gender and comorbidities, as well as the physi-
cians’ overall feeling of how the patient is doing
as compared to previous consultations. Impor-
tantly, as this study did not capture outcome
data, we do not know how well the physicians’
gestalt judgement of risk would stratify patients
according to their 1-year risk of mortality and
how that compares to the methods imple-
mented by Hoeper et al. [13]. The potential for
under- and over-estimation of risk should be
turther explored, as this can have profound
detrimental impacts on patients’ lives, such as
increasing the likelihood of clinical worsening
and death in patients at intermediate or high
risk, and potentially subjecting low-risk patients
to unnecessary treatments and/or assessments,
further impacting their quality of life.
Limitations of this study include selection
bias and recall bias, which are inherent to all
surveys, and that the results may be different
from those that would be obtained in countries
not studied. The main limitation of this study is
the lack of clinical outcome data, which pre-
vents evaluation of the effectiveness of gestalt
judgement in stratifying patients according to
their 1-year risk of mortality. Furthermore,
more qualitative data would be required to
better understand why physicians choose to
assess certain variables and not others, and what
potential barriers they face, in order to reconcile
the observed differences between perceived and
calculated risk. Finally, it would be interesting
to compare how physicians’ gestalt compares to
risk scores derived using other methods, such as
the approach published by Boucly et al. [14].
However, the French approach stratifies

patients according to the number of variables
defined as low risk in the ESC/ERS guidelines
and does not directly categorize patients as
‘low’, ‘medium’ or ‘high’ risk. Given this, a
comparison could not be performed here.

CONCLUSIONS

Overall, the results of this survey demonstrate
that multi-parametric risk assessment is being
performed in clinical practice, but not always to
the extent recommended in the 2015 ESC/ERS
guidelines [8, 9]. Further study would be
required to establish how well physicians’
gestalt estimates a patient’s risk of disease pro-
gression and to determine whether more regular
assessment of objective measures could improve
the accuracy of patient risk stratification.
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