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ABSTRACT
Objective. Pulmonary arterial hypertension in patients with systemic sclerosis is a disease involving multiple
organ systems. We investigated the differences in perceptions of how to measure PAH-SSc among cardiologists, pulmonologists and rheumatologists. We
also examined how a Delphi exercise
can improve agreement among these
subspecialties.
Methods. The outcome measures derived from the recent Delphi survey were
used for a detailed analysis of the contribution of the various specialties contributing to it. We compared rheumatologists and cardiologist/pulmonologists
with regards to preferences and ratings
of various endpoints and the actual use
of tools to measure these outcomes. We
also examined the effects of the Delphi
process among these groups.
Results. We could show that the different expert groups each tended to
contribute differently to the development of the core set of measures and
that interactions in the Delphi process
resulted in convergence of rankings.
Despite agreement on the high importance of the domains in the Delphi, the
use of tools within those domains was
sometimes divergent and dependent on
specialty.
Conclusion. Based on these results,
use of differing tools in the diagnosis
and treatment of PAH-SSc can be anticipated. Further, the convergence of
results provides evidence, for the ﬁrst
time, for the ability of various approaches in these disciplines to reach
harmonious endpoints of care for PAHSSc patients. A collaborative, interdisciplinary approach is advantageous for
PAH-SSc patients.
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Introduction
In the last decade, substantial improvements have been made in the treatment
of pulmonary arterial hypertension
(PAH), mainly owing to the introduction of new therapeutic agents including prostaglandin derivatives (epoprostenol, iloprost, and treprostinil),
endothelin receptor antagonists (bosentan, sitaxsentan and ambrisentan, and
phosphodiesterase-5-inhibitors (sildenaﬁl and tadalaﬁl) (1, 2). While at ﬁrst
glance the design and endpoints used in
these randomised controlled PAH trials appear well established, they have
been criticised on the basis of a recent
metaanalysis that populations were too
homogeneous (thus not reﬂecting real
life populations), as was the methodology (3). This causes concern, as the surrogate endpoints used in these studies
are, beyond common belief, not necessarily valid. Experts who convened in
workshops on endpoints in PAH trials
from the Third World Symposium on
Pulmonary Hypertension in 2003 in
Venice and 2008 in Dana Point concluded that none of the endpoints currently used in PAH trials is optimal (4,
5). For example, the 6-minute walk test
(6-MWT), the most widely used surrogate endpoint and the only measure
of exercise capacity accepted by the
FDA, is not validated for PAH patients
with less severe disease (NYHA/WHO
functional class I/II) (4). None of the
typically used surrogate parameters
in PAH, including 6-MWT, correlates
well with survival (3).
In PAH associated with systemic sclerosis (PAH-SSc), the validation of possible study endpoints is even less convincing than in idiopathic PAH (6). In
a systematic review performed at the
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OMERACT-6 workshop on Outcome
Measure Development for Clinical Trials in SSc, a variety of endpoints used
in clinical trials were assessed according to the criteria of the “OMERACT
Filter” of truth, discrimination, and
feasibility (7). The only PAH endpoint
that was judged to be “ready for use in
clinical trials in SSc” patients was right
heart catheterisation (7). However, this
tool is invasive and therefore usually
not appropriate for repeated measures
or routine follow-up, and obviously
cannot provide information beyond
haemodynamics. Echo Doppler has not
been fully validated for use in PAHSSc (8). A combination of noninvasive
testing methods (echo Doppler, MRI
and pulmonary function tests) was recently shown to be inferior to RHC in
the initial evaluation of PAH-SSc (9).
Further, Health Assessment Questionnaire-Disability Index (HAQ-DI), a
self-assessment measure of function, is
not an adequate measure of PAH status
in PAH-SSc patients (10).
Against this background, we performed
a multidisciplinary Delphi survey to
deﬁne a core set of outcome measures
for clinical trials in PAH-SSc on a statistical basis modiﬁed by logical and
medical rationale (11). A ﬁnal set of
seven domains and 10 tools were rated
as important by the group composed of
rheumatologists, cardiologists and pulmonologists. They were recommended
for formal validation in prospective trials (Table I).
It is evident and has often been stressed
that the clinical manifestations of PAH
in SSc require a close interdisciplinary
approach between various specialists
to optimise diagnosis and treatment in
this vulnerable patient group (12, 13).
As opposed to other settings such as
cancer care (14), the extent to which
interdisciplinary collaboration beneﬁts
a PAH-SSc patient has not been examined. The available core set of outcome
measures derived from the recent Delphi survey can be used for a detailed
analysis of the contribution of cardiology, pulmonology and rheumatology
to a consensus approach to PAH-SSc
patient care. Therefore, we aimed to
compare rheumatologists and cardiologist/pulmonologists with regards to

Table I. Final core set of domains and measurement tools deﬁned by Delphi survey [adapted from reference (11)].
Domain

Measurement tools

Lung vascular

Right heart catheter, echocardiography

Exercise testing

6MWT, oxygen saturation at exercise

Cardiac function

Right heart catheter, echocardiography

Dyspnea

Dyspnea VAS

Discontinuation of treatment

Adverse events, serious adverse events

Global state by physician

Survival

Quality of life

SF-36, HAQ DI

6MWT: 6-minute walking test; VAS: visual analogue scale; SF-36: short form 36 score; HAQ DI:
Health Assessment Questionnaire disability index.

(a) preferences and ratings of various
endpoints (domains and tools), and (b)
the self-reported actual use of outcome
measures.
Materials and methods
This analysis is based on data gathered
in a Delphi study, conducted in 2006
(11). In brief, respondents (rheumatologists, cardiologists, pulmonologists)
of this three-stage Delphi survey were
asked to score each domain and tool on
the survey for use as outcome measures
in randomised controlled trials in PAHSSc using a 5-point scale (1=“not appropriate at all”, 5=“very appropriate”).
In addition, participants were asked in
round 1 whether they were actually
using the tool. After stage 2 and stage
3, the number of domains and of tools
were reduced according to a cluster
analysis based on the revised ratings.
This led to a ﬁnal core set of domains
and tools considered to be important for
use as outcome measures in randomised
controlled trials in PAH-SSc.
Among participants, the cardiologist group (n=15) was rather small for
subgroup analysis. We compared the
three subgroups cardiologists, pulmonologists (n=30) and rheumatologists
(n=45) for possible merging. Based on 3
criteria – use of the 73 predeﬁned tools,
ranking of the 17 domains and ranking
of the 86 domain-speciﬁc listed tools in
round 1 – merging of the pulmonologists and cardiologists was appropriate
(see results) and these two groups were
combined in subsequent analyses.
Limited to the 17 domains, we then analysed how ratings developed over the
course of the 3 Delphi stages for rheuS-48

matologists and the combined group of
cardio-/pulmonologists. Thereby we
aimed to detect the individual contribution of the two expert groups to the
selection of the domains during the
Delphi process and to identify possible
interactions regarding the rating behavior of the two groups.
Finally, we examined the actual use of
tools from the available core set of outcome measures by rheumatologists and
cardio-/pulmonologists, looking for
potential differences in the application
of the selected tools. We counted tools
with multiple listings as used, if “I use
it” was ticked in any of the domains,
hence the number of tools evaluated for
“use of tool” reduced to 73 from originally 86 domain-speciﬁc tools.
Mean values of all participants of a
considered expert group for the use of
a tool or rating of a domain or tool were
the basis for all analyses.
For the initial comparison of the 3 expert
groups, normal distribution of the pairwise differences was veriﬁed with the
Kolmogorov-Smirnov-test. Since for
all merging criteria pairwise differences
were normally distributed, differences
between expert groups for the 3 criteria
were tested with the paired t-test. Hence
mean and standard deviation are given.
SPSS 15.0 was used for analysis.
Results
Initial differences between
specialist groups
The cardiologist group with 15 raters
was rather small for subgroup analysis,
so we aimed at combining this group
with either pulmonologists or rheumatologists for the intended analysis.
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Therefore we compared initial rating
behavior and the daily use of tools by
the 3 specialties.
In Fig. 1, each boxplot illustrates the
distribution of the absolute differences
for ratings or frequency of use between
any two specialist groups. Outliers are
illustrated as separate circles with the
respective name of the domain or tool.
First, differences in the use (0-100%)
of the 73 distinct tools listed in round 1
were compared. Cardiologists and pulmonologists showed similar frequencies in use of tools in most cases (Fig.
1a), since the mean difference between
these two subspecialties was -0.6%
(±12.1%, p>0.05). The comparison
of rheumatologists and cardiologists
not only resulted in a higher deviation
(±21.3%), but also a mean difference
of 9.1%, indicating a higher use of
the listed tools by cardiologists compared to rheumatologists (p=0.0005).
Pulmonologists were most dissimilar
from rheumatologists in the use of tools
(p<0.0001) with a mean difference of
9.8% (±19.3%).
A homogenous picture was seen for ratings of domains (scale: 1 to 5 points) in
round 1 (Fig. 1b). There was essentially
no difference between cardiologists and
pulmonologists (-0.002±0.25 points,
p>0.05). The boxplot for the differences between rheumatologists and cardiologists looks quite similar, but with
a “soft” skewing towards higher ratings by cardiologists (0.06±0.37 points,
p>0.05). Again, the largest numerical,

though not signiﬁcant, differences and
the greatest deviation was seen when
comparing pulmonologists and rheumatologists (0.07±0.43 points, p>0.05). In
agreement with the use of tools, rating
of domains was similar for cardiologists
and pulmonologists.
For ratings of tools on a scale from 1 to
5 points (Fig. 1c), cardiologists tended
to rate tools slightly but not signiﬁcantly higher (0.10±0.47 points, p>0.05)
than pulmonologists. The comparison
of cardiologists and rheumatologists
showed the lowest mean difference (0.04±0.53 points, p>0.05). Rheumatologists gave about 0.13 points (±0.47)
higher ratings for tools than pulmonologists (p=0.01).
Taken together, these ﬁndings did not
comprise any signiﬁcant differences
between cardiologists and pulmonologists, in contrast to the other pairwise
expert comparisons. On the basis of the
above analysis showing that cardiologists and pulmonologists use tools in
a very similar manner and gave comparable initial ratings for domains and
tools, both groups were merged and
analysed jointly in later analyses.
Development of ratings for domains
To assess the development of ratings
and the rater interaction, we surveyed
the ratings for the 17 domains over the
course of the Delphi exercise (Fig. 2).
In round 1, the combined specialist
group cardio-/pulmonologists (Ca/Pu)
differed most from the rheumatologists.

The Ca/Pu group had higher ratings on
a 1-5 points rating scale for “miscellaneous symptoms” (+1.2 points) and “biomarkers” (+0.5 points), and lower ratings for “pulmonary arterial pressure”
(-0.7 points) compared to rheumatologists (Rh). A high degree of agreement
between the Ca/Pu and rheumatology
groups was noted on the importance of
the domains “cardiac function”, “exercise capacity”, “dyspnea”, “global state
as assessed by physician”, “participation” and “quality of life” (mean rating
>4 out of 5, difference in ratings ≤0.1
points).
In round 2, the differences in the “pulmonary arterial pressure” domain decreased, because cardio-/pulmonologists increased their ratings. For “miscellaneous symptoms” the differences
also decreased, because rheumatologists
increased their ratings. Differences increased by at least 0.2 units in only three
domains: (1) in the “participation” domain, the two groups diverged because
both groups decreased their ratings by
different amounts; (2) in the “biomarkers” domain, the differences increased
because rheumatologists decreased their
ratings; and (3) in the “heart imaging”
domain both ratings diverged.
In round 3, the “biomarkers” domain
again converged, with both groups migrating toward one another. For the now
combined domain “pulmonary arterial pressure (including lung vascular)”
convergence was marked, since cardio/pulmonologists increased their ratings.

Fig. 1. Pairwise differences between the three specialists groups: boxplots illustrate the distributions of absolute differences in (A) mean use of 73 tools,
(B) mean rating of 17 domains in round 1, and (C) mean rating of 86 domain-assigned tools in round 1.
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The domain with the highest disagreement was “lung parenchymal”, which
remained unchanged over the course
of the 3 rounds (ﬁnal rating: Ca/Pu:
4.4, Rh: 4.8 points). For all the other
domains the already small differences
from round 2 remained unchanged.
Taken together, these data show that in
this Delphi exercise, there was immediate agreement among 5 domains already
in round 1. Out of the 7 domains that
achieved increasing agreement during
the 3 rounds, one expert group adapted
their ratings to the others’ in 5 cases.
Interactions occurred between the two
expert groups, with more frequent adaptation of one group to the other, rather than convergence on the median. An
unchanged but very small difference
(≤0.4 points) remained for 3 domains.
An afterwards increased divergence
(+0.2 units) was noted for 2 domains.
By round 3, all ratings differed by less
than 0.4 points (<10% of the associated
ratings). In the end, agreement emerged
regarding the high importance of seven
out of 17 domains to be measured in
patients with PAH-SSc in clinical trials
(core domains).

Use of tools of the ﬁnal core set
by the specialist groups
A selection process similar to that used
for domains was used for the tools. Here,
also, a core set of highly rated tools
(Table I) emerged after the three rounds
of the Delphi survey (11). In the ﬁnal
round both expert groups gave mean
ratings of at least 4.0 points (again on
a rating scale from 1 to 5 points) to all
tools in Table I. These were ultimately
selected by the terminal cluster analysis
as those with high importance.
Despite agreement on their importance,
use of these tools was different between
rheumatologists and cardio-/pulmonologists (Fig. 3). The greatest differences
for tool use were found for “survival”
(38%), “HAQ-disability index” (35%),
“adverse” or “serious adverse events”
(26%), “6-minute walking test” (15%),
and “cardiac right ventricular function
with pulmonary capillary wedge pressure” (21%). The last tool was selected
by the terminal cluster analysis but not
included into the core set (11). The difference for the “SF-36 questionnaire”
was 6% and thus marginal. For all other tools the differences between groups

were ±3%. Remarkably, the “severity
of dyspnea visual analogue scale” as a
part of the ﬁnal core set is only used
by less than a quarter in each specialist group. Despite these differences in
tool use between rheumatologists and
cardio-/pulmonologists, we already
saw agreement on the high importance
of most of these tools in round 1 (Fig.
3), when each participant gave her/his
evaluation unaware of the other participants’ ratings.
Discussion
The present analysis investigated possible differences between specialist
groups in the choice and rankings of
outcome measures in PAH-SSc, which
usually involves treatment by several
specialists. To our knowledge, no similar analysis on the interaction of medical disciplines in the care of patients
has been published previously.
Pulmonologists and cardiologists were
very similar in their use of tools and
also showed agreement on the importance of the predeﬁned domains and
tools right from the start. Thus, they
could be regarded as one joint expert

Fig. 2. Comparison of cardio-/pulmonologists with rheumatologists for ratings of domains in round 1-3; domains are sorted by ascending differences of

rating in round 1.
Differences in ratings of round 1 are illustrated as solid line ellipse, differences in ratings of round 2 are illustrated as dashed line ellipse. Out-crossed
domains were eliminated after that round as result of a cluster analysis, which grouped domains according to low and high ratings. To ease and support the
selection process, domains “lung vascular” and “pulmonary arterial pressure” were merged after round 2, as well “miscellaneous symptoms” dropped after
moving its left tools to suitable domains (11).
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Fig. 3. Tools of the ﬁnal core set: use of these tools and their rating in round 1 sorted by descending differences in use. For tools listed in several domains,
the referring domain is given in square brackets: PAP: Pulmonary arterial pressure; Cardiac: Cardiac function; Lung vasc.: Lung vascular.

group for this analysis. Merging them
led to balanced group sizes compared
to rheumatologists.
In the comparison of cardio-/pulmonologists and rheumatologists, it is evident
that the assessment of tools/domains
and their actual use have to be regarded
separately. The ﬁnal core set consists
of domains and tools with broad agreement regarding their importance, although the actual use of certain tools
was different, deﬁned by specialty.
This can be illustrated by the example
of a cardiologist or pulmonologist who
knows about the diagnostic value of a
HAQ-DI, but does not personally use
the questionnaire.
The interaction of the two expert groups
deserves further consideration. In the
second round, agreement increased
for some domains. Agreement usually
resulted as one adapted to the other,
rather than a “meeting in the middle”.
This indicates that one group inﬂuenced
the other by the median rating of the
previous round shown in the rating list.
Thus, a “regression to the mean” for the
ratings, which one could expect for this
kind of internet-based, purely numbercontrolled Delphi exercise, did not gen-

erally occur. At the same time, disagreement increased for some domains since
one group reduced their already initial
lower rating or increased their already
initial higher rating. Thus, we observed
the effect that less convinced raters
insisted on their previous rating while
more convinced raters even increased
their scoring. Vice versa, convinced
raters kept their scoring, but less convinced raters reduced their scoring further, even in consideration of a lower or
respectively higher median general rating. Such effects of reciprocal inﬂuence
on decision making are an important
and vital feature of the Delphi process,
regardless of the topic (15). The dynamics and reasons for such changes
deserve further research.
For the domains in the last round (round
3) of the Delphi process, ratings generally converged. The dynamic of the
scoring underlines the deliberated harmonisation of ratings during the Delphi
exercise. Particularly domains with
agreement regarding their low importance were removed over the course of
cluster-analysis after round 2 and round
3. Thus, individual expert opinion did
play a role in the selection process and
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could trigger moving a certain domain
into the ﬁnal core set.
Most tools of the ﬁnal core-set were
already rated as “important” in Delphi
round 1 by both expert groups. At the
same time use of these tools was remarkably different for some of them.
This is one of the most important ﬁndings of this study, with direct practical
applications because it indicates that
the employment of a combination of all
these tools in patient care will depend
on multidisciplinary teamwork. While
rheumatologists lead in the application
of the HAQ-DI, cardio-/pulmonologists
dominate in undertaking the 6-minutewalking test or measuring the cardiac
right ventricular function. In addition,
we could identify highly scored tools
that were not frequently applied by any
expert group. Here questions arise as
to why these tools are scored as important but not used. Ongoing research of
the EPOSS group will answer whether tools of the ﬁnal core set fulﬁll the
OMERACT criteria.
These differences imply a potentially
different approach to patient care between cardiologists/pulmonologists and
rheumatologists, at least within the
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arena of pulmonary hypertension. The
rheumatologists were more involved
with overall patient function and quality of life (more use of functional and
quality of life tools) while the cardiologists/pulmonologists were more comfortable with the speciﬁc quantiﬁcation
and effects of the pulmonary status per
se. Both are, of course, legitimate, but
each group could beneﬁt from the approach of the other. This exercise helped
broaden perspective and undoubtedly
made all the physicians more aware of
the tools used by their colleagues caring
for the same patient but from a different
perspective. Speciﬁcally this study can,
and should, lead to more uniformity of
care across disciplines and, hopefully, a
higher quality of care.
In conclusion, we show that involving
expert groups from different specialties in the Delphi exercise is a useful
approach, as it inﬂuenced the selection
process of the ﬁnal core set and, we believe, led to a more balanced and credible outcome. Similar interactions between disciplines can be anticipated in
the daily clinical care of PAH-SSc patients. This provides strong experimental evidence for interdisciplinary care
of patients with PAH-SSc, a disease involving several organ systems. In addition, the data provide, for the ﬁrst time,
experimental evidence that the use of a
range of important diagnostic tools in
the care of PAH-SSc patients depends
on interdisciplinary teamwork.
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