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ABSTRACT. Objective. Warfarin use in scleroderma (SSc)-associated pulmonary arterial hypertension (PAH) and
idiopathic PAH (IPAH) is controversial. A prerequisite for a trial is the demonstration of communi-
ty uncertainty. We evaluated experts’ beliefs about the effect of warfarin on 3-year survival in
SSc-PAH and IPAH, and factors that influence warfarin use.

Methods. PAH experts attending the 2008 American College of Rheumatology or American
Thoracic Society meetings expressed the probability of 3-year survival without and with warfarin
and their degree of uncertainty by applying adhesive dots, each representing a 5% weight of proba-
bility, in “bins” on a line, creating a prior probability distribution or prior. Using a numeric rating
scale, participants rated factors that influence their use of warfarin.

Results. Forty-five experts (44% pulmonologists, 38% rheumatologists, 16% cardiologists, 2%
internists) underwent the belief elicitation interview. In SSc-PAH, the mean probabilities of 3-year
survival without and with warfarin were 54% and 56%, respectively. Pessimistic experts believe that
warfarin worsens survival by 7%. Optimistic experts believe that warfarin improves survival by
13%. In IPAH, the mean probabilities of 3-year survival without and with warfarin were 68% and
76%. Factors (mean rating out of 10, 0 = not at all important, 10 = extremely important) that influ-
ence experts’ use of warfarin were functional class (5.4), age (5.4), pulmonary artery pressure (5.2),
peripheral vascular disease (3.6), disease duration (2.8), and sex (1.7).

Conclusion. Bayesian priors effectively quantify and illustrate experts’ beliefs about the effect of
warfarin on survival in SSc-PAH and IPAH. This study demonstrates the presence of uncertainty
about the effect of warfarin, and provides justification for a clinical trial. (First Release Dec 15 2010;

J Rheumatol 2011;38:462-9; doi:10.3899/jrheum.100632)
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Pulmonary arterial hypertension (PAH) is a lethal disease
characterized by elevated pulmonary artery pressures and
progressive right heart failure. It is the leading cause of
death in patients with systemic sclerosis (scleroderma,
SSc)!. Historically, patients with SSc-PAH have a 3-year

PRIORS
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survival of 22%-30%32-. Patients with idiopathic PAH
(IPAH) have a similarly poor prognosis, with a median sur-
vival time of 2.8 years*. One inexpensive and readily avail-
able potential treatment is warfarin. Clinical practice guide-
lines endorsed by medical professional organizations and
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expert panels of PAH opinion leaders have recommended
anticoagulation of patients with PAH, with the rationale that
PAH is partly the result of in situ thrombosis and abnormal-
ities in the coagulation cascade’°. However, our systematic
review of the literature found that the evidence to support
this recommendation is only modest; prior studies are limit-
ed by methodological constraints, which have led to con-
flicting results’. Five studies support the use of warfarin in
IPAH3-2-10.1L12 "while 2 studies do not!3-'4, The major threat
to the validity of the results of these studies is selection bias,
as none of these were randomized trials. In addition, these
studies were limited by small sample sizes, and thus the neg-
ative results may reflect insufficient power’. The role of
warfarin in the treatment of SSc-PAH has not been estab-
lished. There are no studies evaluating the effect of warfarin
in SSc-PAH. Recommendations for the use of warfarin in
SSc-PAH have been generalized from IPAH studies.

Attempts to conduct a randomized trial to definitively
evaluate if warfarin confers survival benefit in these patients
have met several challenges. First, the successful study of
uncommon diseases, such as SSc-PAH and IPAH, is limited
by the rarity of the condition. As a result, well designed
studies are often labelled “negative” due to the inability to
recruit sufficient numbers of patients!>. Second, a necessary
prerequisite for the conduct of a trial is demonstration of
community uncertainty (a situation where not all within the
community of experts agree on the efficacy of an interven-
tion)!®. During our group’s attempt to conduct a warfarin
trial, many centers were reluctant to recruit patients, as
investigators believed that it is inappropriate to expose these
patients to warfarin, while other investigators believed it is
inappropriate to withhold warfarin from these patients (per-
sonal communication, J.T. Granton, Canadian Pulmonary
Hypertension Trials Network Meeting, 2004).

A scientifically valid, quantitative demonstration of com-
munity uncertainty is needed to convince participating cen-
ters. Third, studies are often too small to allow adjustment
for important confounding variables. Particularly in the set-
ting of an observational study, factors that may influence a
clinician’s use of warfarin should be accounted for at the
analytic stage. It has been suggested that selection of vari-
ables for a regression model (i.e., a model predicting the
probability of exposure or estimating a treatment effect on
the outcome) should be based on a priori knowledge!”-18.
Thus, explicit identification of factors that influence clini-
cians’ use of warfarin in SSc-PAH and IPAH would inform
study design and analysis.

A solution to address some of these issues is the use of
innovative analytic methods, including Bayesian statistical
models'®. Application of Bayesian inference has great utili-
ty in the study of uncommon diseases. One of its advantages
is the ability to incorporate prior evidence, including
experts’ beliefs about the effect of an intervention, in mod-
els estimating treatment effect?. Clinicians often rely on

experts to guide clinical practice, particularly in the absence
of definitive trial data. The Bayesian paradigm explicitly
allows inclusion of experts’ beliefs about the effect of an
intervention by expressing these beliefs as prior probability
distributions, or “priors”2!. Expression of experts’ beliefs as
Bayesian priors has a number of pragmatic applications.
First, Bayesian priors can demonstrate the presence of
uncertainty (if it exists) in a quantifiable and illustrative
manner. Second, quantification of beliefs allows determina-
tion of the magnitude of a treatment effect expected by
experts. This information can be used to inform study design
(e.g., sample size calculation?? and interim analysis>3).
Bayesian priors obtained through the elicitation of experts’
beliefs can be used to augment scarce therapeutic data®*.

The aim of our study was to evaluate experts’ beliefs
about the effect of warfarin on survival in SSc-PAH and
IPAH. The primary objective of the study was to evaluate
experts’ beliefs about the effect of warfarin on 3-year sur-
vival in SSc-PAH and IPAH, expressed as probability distri-
butions (i.e., expressed in a form that may be used as
Bayesian priors). Secondary objectives of this study were to
determine the degree of uncertainty regarding the effect of
warfarin on 3-year survival in SSc-PAH and IPAH; and to
evaluate factors that may influence experts’ use of warfarin
in patients with PAH.

MATERIALS AND METHODS

Study sample. Our review of belief elicitation methods for Bayesian priors
had found that the most valid and reliable beliefs are obtained from indi-
viduals who have a greater depth of knowledge and experience in the
area®. Thus, we elicited beliefs from experts in SSc-PAH and/or IPAH.
Experts in SSc-PAH and/or IPAH were defined as members of (1) the
Pulmonary Hypertension Association Scientific Leadership Council
(PHA-SLC; n = 26); (2) Pulmonary Vascular Research Institute (PVRI)
Council of Senior Fellows (n = 24); (3) Scleroderma Clinical Trials
Consortium PH investigators (n = 23); and (4) Canadian Pulmonary
Hypertension Trials Network (CPHTN) (n = 23). These groups comprise
individuals with clinical and/or research interests in PAH. Since elicitation
is best conducted as a face-to-face interaction between the expert and the
investigator?*, we considered experts attending the 2008 American College
of Rheumatology (ACR; San Francisco, CA, USA) or American Thoracic
Society (ATS; Toronto, Canada) scientific meetings to be eligible for the
study. Inclusion criteria were (1) membership in PHA-SLC, PVRI Council
of Senior Fellows, SCTC PH Investigators, or CPHTN; (2) attendance at
either the 2008 ACR or ATS meetings; (3) agreement to participate; and (4)
a practice in which the expert cares for patients with SSc-PAH or IPAH.
There is no consensus on the sample size required for an elicitation study?.
Using the central limit theorem, a sample size of 30 was chosen to allow us
to assume a normal distribution to the mean values of the group’s belief20.

Recruitment. A letter was sent by e-mail/fax to members of all organiza-
tions inviting them to share their beliefs about warfarin use in PAH and ask-
ing if they would be attending the ATS or ACR meetings. Two weeks later,
a second e-mail, letter, and fax were sent inviting them to participate.
Among those who agreed to participate, an interview time was arranged.
Characteristics of participants collected at the time of the interview includ-
ed sex, specialty, years in practice treating PAH patients, type of practice,
number of new SSc-PAH and/or IPAH patients seen per year, history of for-
mal statistical training, and use of warfarin in their practice.

Elicitation interview. A 10-minute belief elicitation interview was conduct-
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ed with each expert. Participants were given a sample questionnaire to
illustrate the belief elicitation method?’. The sample questionnaire was
identical to the study questionnaire but used vitamin C as the therapeutic
intervention. Participants were given the opportunity to ask questions about
sample questionnaire questions and response options.

Study questionnaire. The investigator read each question aloud.
Participants were asked, for an average group of newly diagnosed SSc-PAH
patients (and separately, for an average group of IPAH patients) to specify
the probability of being alive at 3 years among patients if: (1) not treated
with warfarin and (2) treated with warfarin. They were asked to indicate
their response by placing an “X” on a line with 5% probability intervals
ranging from 0% to 100%. Participants were asked to express the uncer-
tainty around their estimate of survival among warfarin-treated patients by
placing an “X” at the upper and lower limit of their estimate. Participants
were asked to indicate the weight of their belief for the probability of 3-year
survival among warfarin-treated patients by placing circular adhesive dots
of 0.64-cm diameter, each representing 5% probability, in discrete interval
“bins.” Participants were given 20 dots summing to 100% probability. The
investigator placed one dot in each bin based on the upper and lower
boundaries indicated by the participant to reduce the risk of error. The
investigator verified with the participant if the placement of dots was cor-
rect. The participant was asked to place the remaining 18 dots to indicate
their weight of belief. Participants were asked to review the shape and dis-
tribution of dot placement, and asked to verify if it reflected their belief
about the effect of warfarin on survival. Participants were given the oppor-
tunity to revise their placement of dots until they felt it reflected their belief.
Finally, participants were asked to categorize their belief about the overall
effect of warfarin using the response options “improves survival,” “wors-
ens survival,” or “no effect on survival.” The questionnaire was laminated
so that the dots could be easily removed if a participant wished to revise
their response. Upon completion, the questionnaire was relaminated to pre-
vent movement of the dots. This elicitation procedure has a median time to
completion of 10 minutes, with demonstrable face validity, construct valid-
ity, and reliability?’.

Factors influencing use of warfarin. Experts were asked to list and evalu-
ate factors that influence their decision to use warfarin in patients with
SSc-PAH and IPAH. The importance of functional class, age, pulmonary
artery pressure, peripheral vascular disease, PAH disease duration since
diagnosis, interstitial lung disease, and sex was specifically elicited as these
were prognostic factors in the published literature®?8. Importance was
reported using a numeric rating scale, where 0 indicated not at all impor-
tant and 10 extremely important.

Analysis. Sample. Descriptive statistics were used to summarize participant
characteristics and relative importance of factors that influence their use of
warfarin.

Priors. Individual histograms representing the prior beliefs about the effect
of warfarin for each respondent were constructed by counting the number
of 5% dots in each bin. A “group” prior probability distribution represent-
ing the entire group of respondents was constructed by averaging the adhe-
sive dot counts in each bin across all respondents. A “pessimistic” prior was
constructed using information from the lower tenth percentile of partici-
pants specifying the smallest treatment effect. An “optimistic” prior was
constructed using information from the upper tenth percentile of partici-
pants specifying the largest average treatment effect. For each participant,
the risk difference (treatment effect) was determined by subtracting their
reported probability of survival when treated without warfarin from their
reported probability treated with warfarin. A prior probability distribution
for the risk difference was constructed for each expert. The weights
assigned to the probability of survival treated with warfarin were centered
at their reported risk difference.

Comparison with the literature. A systematic review of the literature had
been previously performed (and repeated to identify additional studies pub-
lished between 2006 and 2010) to identify studies evaluating the use of
warfarin in SSc-PAH or IPAH. Eligible studies were observational studies

and randomized trials that reported death as an outcome. Studies were iden-
tified using Medline and Embase databases. Two reviewers independently
abstracted study design, sample size, treatment, and 3-year mortality data
onto standard forms. Details of the systematic review are available’. Four
observational studies reporting the effect of warfarin on 3-year survival in
IPAH were identified®!!'2:14, and were aggregated in a Bayesian meta-
analysis. The absolute risk difference (the difference in the proportion of
events observed in the patients who did and those who did not receive war-
farin) was calculated?®. A random-effects model was constructed (allowing
each study to have its own true risk difference); and a uniform prior in the
range —1 to 1 (i.e.,—100% to 100%) was given to the population absolute
risk difference, giving equal weight to all possible values of the variable?.
The mean absolute risk difference and 95% credible interval (Crl) were
calculated.
Factors influencing use of warfarin. The mean importance and standard
deviation for each factor were calculated. A Bayesian multivariable normal
model was constructed for the logits of the importance scores for the 6 fac-
tors (rescaled between 0 and 1). Markov chain Monte Carlo (MCMC) sam-
ples from the posterior distribution of the mean logits were used to produce
rankings, indicating the relative importance of each factor, 95% Crl, and
the probability of each factor having the highest ranking.
Bayesian analyses. Our analysis used MCMC to sample from the posterior
distribution of variables. Starting at 3 randomly generated initial values, the
chains were run for a 5,000 iteration “burn-in” period, in which the chain
moved from these starting values toward the correct posterior distribution.
We used the Brooks-Gelman-Rubin statistic to verify convergence at this
point, that is, that all 3 chains were sampling the same distribution of val-
ues. Then 10,000 new sampled values were collected and used to estimate
properties of the posterior distribution — means, medians, odds ratios
(OR), 95% Crl, and probabilities. The reporting of the analysis and results
is in accord with the ROBUST criteria®®. The code for all analyses is avail-
able from the authors upon request. Analyses were performed using SAS
(version 9.2; SAS Institute, Cary, NC, USA), R (version 2.2.1; R
Foundation for Statistical Computing’!), and WinBUGS (version 1.4.3;
Imperial College and Medical Research Council, London, UK??).
Research ethics board approval was obtained before the study. Implicit
consent was given when the participants agreed to proceed with the elicita-
tion interview.

RESULTS

Sample. The combined membership list comprised 95
potential study participants. However, 42 individuals did not
fulfil study eligibility criteria (4 did not care for adult
patients with SSc-PAH or IPAH, 21 declined or did not
respond to our invitations to participate (reason not given),
and 17 indicated that they would not attend either scientific
meeting). Fifty-three experts fulfilled all eligibility criteria.
We were unable to arrange a meeting time with 8 experts.
We were able to conduct belief elicitation interviews with 45
experts (Figure 1). Participant characteristics are summa-
rized in Table 1.

Warfarin use. Thirty-eight (84%) participants use warfarin
in their practice to treat patients with SSc-PAH or IPAH. The
frequency of warfarin use ranged from “only rarely” to
“always, unless contraindicated.” A distinction in warfarin
use between SSc-PAH and IPAH was not made in the ques-
tionnaire. A greater proportion of males, 34/38 (89%),
reported use of warfarin compared to females, 4/7 (57%),
giving a median OR = 0.2 (95% CrI 0.03, 0.91). There was
no difference in the frequency of warfarin use between prac-
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95 potential participants

42 ineligible individuals

Y

53 eligible SSc-PAH and
IPAH experts

8 unable to arrange a
meeting time

45 participants

Figure 1. The process of participant recruitment. SSc-PAH: scleroder-
ma-associated pulmonary arterial hypertension; IPAH: idiopathic PAH.

Table 1. Characteristics of study participants.

Characteristics No. (%),n =45
Male sex 38 (84)
Specialty

Cardiology 7 (16)

Pulmonology 20 (44)

Rheumatology 17 (38)

Internal medicine 1(2)
No. years seeing patients with pulmonary arterial

hypertension (PAH), median (25%-75%) 15 (10-25)
Type of practice (%)

Nonteaching hospital 0(0)

Teaching hospital 44 (98)

Both 1(2)
No. new SSc-PAH and/or IPAH patients per year,

median (25%-75%) 30 (15-50)
Location of practice

Europe 8 (18)

North America 37 (82)
History of postsecondary statistical training 27 (60)
Use of warfarin in their patients with pulmonary

hypertension 38 (84)

SSc: systemic sclerosis; IPAH: idiopathic pulmonary arterial hypertension.

tices based in Europe [7/8 (88%)] and North America [31/37
(84%)], median OR 096 (95% Crl 0.17, 8.7).
Rheumatologists [10/17 (59%)] less frequently reported use
of warfarin to treat PAH patients, compared to cardiolo-
gists/pulmonologists [27/27 (100%)].

Experts’ beliefs about warfarin in SSc-PAH. The mean (SD)
probability of 3-year survival without warfarin was 54%
(16%) and with warfarin 56% (16%). There were no differ-
ences in the probabilities of survival in SSc-PAH patients
across specialties, practice locations, or sexes. The group
prior probability distribution for 3-year survival in patients
treated with warfarin is presented in Figure 2. The curve is
slightly left-skewed and bimodal.

Pessimistic experts (n = 5) believe that warfarin confers
an absolute worsening in 3-year survival by a mean of 7%.
Optimistic experts (n = 5) believe warfarin confers an
absolute improvement in survival by a mean of 13% (Figure
3). Comparing pessimists to optimists, there were no differ-
ences in sex (males: 3/5 vs 3/5, respectively) or practice
location (North America: 5/5 vs 4/5). SSc-PAH optimists
see more new consults per year than pessimists (54 vs 33,
respectively). SSc-PAH pessimists have been in practice a
mean of 14 years and optimists a mean of 17 years. All
SSc-PAH pessimists (5/5) report use of warfarin in their
PAH practice, whereas 3/5 SSc-PAH optimists report use of
warfarin.

Experts’ beliefs about warfarin in IPAH. In patients with
IPAH, the mean (SD) probability of 3-year survival without
warfarin was 68% (12%) and with warfarin was 76% (11%).
There were no significant differences in the probability of
survival with and without warfarin in IPAH patients across
specialties, practice locations, or sexes. The group prior
probability distribution for 3-year survival in patients treat-
ed with warfarin is presented in Figure 2; the curve is
left-skewed. The height of the curve at an x-axis value is
proportional to the experts’ belief about how likely that
value is.

—— SScPAH prior
—— IPAH prior

Weight of belief

0.0 02 0.4 0.6 0.8 1.0
Probability of 3-year survival

Figure 2. Group prior probability distributions for probability of 3-year
survival in patients with SSc-PAH or IPAH treated with warfarin.
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Figure 3. Prior probability distributions for the effect of

! warfarin on the absolute risk difference for 3-year mor-
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0 indicate warfarin increases risk of death; values < O
indicate warfarin reduces risk of death.

Figure 4. Probability distributions for the
effect of warfarin on the absolute risk differ-
ence for 3-year mortality in patients with
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Pessimistic experts believe warfarin had no effect on sur-
vival, with a mean of 0%. Optimistic experts believe war-
farin improves survival, by a mean of 17% (Figure 4).
Comparing pessimists to optimists, there were no differ-
ences in sex (males: 5/5 vs 4/5, respectively) or practice
location (North America: 3/5 vs 5/5). The numbers of years
in practice for IPAH pessimists and optimists were 19 com-
pared to 18 years. The mean numbers of new consults per
year for IPAH pessimists and optimists were 185 versus 66.
All TPAH pessimists (5/5) and optimists (5/5) reported use
of warfarin in their PAH practice.

Factors that influence use of warfarin. The importance and
ranking of factors that influence use of warfarin are report-
ed in Table 2. Participants identified additional factors that
influence their use of warfarin in SSc-PAH and IPAH.
Factors related to the right heart [right heart failure (n = 8),
right heart function (n = 3)], thrombophilic state [history of
thromboembolic disease (n = 7), antiphospholipid antibody
(n = 4), hypercoagulable state (n = 2)], gastrointestinal dis-
ease [esophageal or gastric disease (n = 11), gastric antral
vascular ectasia (n = 1)], bleeding [history of gastrointesti-
nal bleeding (n = 10), risk of bleeding (n = 6), thrombocy-
topenia (n = 2), menorrhagia (n = 1), hemoptysis (n = 1),
epistaxis (n = 1)] were considered important. Additional fac-
tors included falls (n = 7), compliance (n = 5), atrial fibril-
lation (n = 4), anemia (n = 2), IPAH versus SSc-PAH (n =
2), cardiac output (n = 2), sedentary (n = 2), liver function
(n = 1), central nervous system disease (n = 1), severity of
scleroderma (n = 1), and patient risk tolerance (n = 1). A dis-
tinction was not made between SSc-PAH and IPAH.

Comparison of experts’ beliefs with the published literature.
Metaanalysis of 4 observational studies reporting the effect
of warfarin on 3-year survival in IPAH found a 20%
absolute reduction in mortality in patients who received
warfarin (95% Crl —0.49, 0.10). The probability distribu-
tions for the metaanalysis-derived absolute risk difference
and experts-derived absolute risk difference are presented in
Figure 4.

DISCUSSION

Use of a formal elicitation procedure allowed us to quantify,
illustrate, and gain important insights into beliefs about the
effect of warfarin held by leaders in the pulmonary hyper-
tension community. Experts are guarded about the probabil-
ity of survival with and without warfarin. The grim SSc-PAH
prognosis is consistent with the published literature, which
reports 2-year mortality estimates among warfarin-naive
patients ranging from 22% to 47%?2>-33-34_ There are no pub-
lished estimates of SSc-PAH survival in warfarin-treated
patients with which to compare our study findings. Among
the experts in this study, there was a wide range of probabil-
ity of survival, ranging from as low as 20% to as high as
80%. This may reflect that SSc is a heterogeneous condition
with different subsets of clinical presentation and progno-
sis*>. Among patients with SSc-PAH, experts believe that
warfarin confers a small improvement in the probability of 3-
year survival. Depending on the definition of a minimum
clinically important difference, the magnitude of this effect
may be interpreted by some as “no effect.” However, it is
important to note that some experts (pessimists) believe war-
farin worsens survival (i.e., confers harm), while others
(optimists) believe that warfarin improves survival. These
widely disparate views demonstrate that there is a divergence
of opinion within the expert community.

Insights are also gained by evaluation of experts’ probabil-
ity distributions among patients with IPAH. As a group,
experts believe warfarin improves survival. The wide range in
probability of survival (50% to 90%) suggests the presence of
community uncertainty. Some (relatively pessimistic) experts
believe warfarin has no effect on survival, while others
believe warfarin improves survival considerably.

The experts’ belief that warfarin improves survival in
IPAH is consistent with the direction of treatment effect in
our metaanalysis. This supports the external validity of our
study findings. However, there is a discrepancy in the mag-
nitude of the effect, where experts believe that warfarin con-
fers a smaller improvement in survival than was demon-

Table 2. Factors that influence experts’ use of warfarin. Importance was reported on a numeric analog scale,
where 0 indicated not at all important and 10 extremely important.

Factor (n = 38) Mean Importance Ranking* Probability of Having
(SD) (95% CrlI)  the Highest Ranking, %
NYHA/WHO functional class 54 (2.5) 2(1,3) 46
Age 5423) 2(1,3) 36
Degree of elevation of pulmonary artery pressure 522.5) 2(1,3) 18
Peripheral vascular disease 3.6 (2.7) 4(4,5) 0
Pulmonary arterial hypertension disease duration 2.8 (2.5) 5(,5) 0
Interstitial lung disease 2.3 (2.1) 6(5,7) 0
Sex 1.7 (2.0) 7(6,7) 0

* Importance of factors affecting use of warfarin in patients with pulmonary arterial hypertension (I = most

important, 7 = least important). 95% Crl:
Association/World Health Organization.

95% credible interval; NYHA/WHO: New York Heart
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strated in the metaanalysis. This discrepancy may be related
to a few issues. First, the metaanalysis includes only studies
that reported 3-year survival as an outcome. It was neces-
sary to identify one common outcome on which to base the
analysis, and compare the results with experts’ beliefs. The
experts are likely aware that the results of other studies (that
reported other survival endpoints) were conflicting, some
showing benefit and others showing no benefit. The studies
are all challenged by “confounding by indication” and this
may lead to biased results that overestimate the treatment
effect; experts may adjust their own estimates of treatment
effect to account for the perceived bias. Further, the more
conservative belief in survival benefit held by experts may
reflect their real-world experience. It may be that pessimism
has come after experiences of unsuccessful use of warfarin.
In evaluation of other medical interventions, the magnitude
of a treatment effect in the real world is often smaller than
that observed in a study>°.

Identification of factors that should be controlled in an
observational study is another important insight. Confound-
ing by indication often affects the validity of observational
study findings, and in particular, may have affected the
results of previous IPAH warfarin studies. Thus, it is impor-
tant to recognize factors that influence experts’ use of war-
farin. Interestingly, none of the factors had a high mean rat-
ing. However, we were able to rank them based on their rel-
ative importance. In studies with a small sample size and
limited power to adjust for confounding, it is useful to know
which factors should be included in models estimating the
treatment effect.

Limitations to this study may be related to characteristics
of the study participants. Since there is no formal definition
for “PAH expert,” we defined an expert as a physician who
is a member of one of 4 pulmonary hypertension-related
organizations. The large number of years in practice seeing
patients with PAH, the large number of new consults per
year (large for uncommon diseases), and the predominance
of teaching hospital-based practice, support that the partici-
pants were indeed experts. This sample may not be repre-
sentative of physicians in community-based, non-teaching
hospital practices. Patient mix and clinical experience could
be systematically different for physicians at teaching hospi-
tals. Similarly, our data suggest that more male physicians
use warfarin to treat PAH than female physicians. Given the
small number of female physicians in this study, there is
considerable uncertainty around the odds ratio, limiting our
ability to make any strong inferences. A second potential
limitation was the requirement for experts to attend one of 2
scientific meetings in order to be considered eligible for
study. As a result, some experts were excluded from parti-
cipation. Self-selection bias may have occurred as a result of
experts not responding to our invitation to participate. This
may have led to bias if they chose not to participate as a con-
sequence of their views on anticoagulation in PAH.

Similarly, experts who attended the meetings may have been
systematically different from those who did not. Our previ-
ous work on belief elicitation for Bayesian priors found
that responses are more valid and reliable when elicited
face-to-face. Conducting the interviews at the 2 largest sci-
entific meetings (of different disciplines and held in differ-
ent countries) where the experts were most likely to attend
was the most pragmatic solution. This decision likely
improved the internal validity of the results, with a small
influence on the external validity.

We have demonstrated that this belief elicitation method
can be effectively used to quantify and illustrate the beliefs
held by experts regarding the effect of an intervention. This
method is not limited to PAH, and can be generalized to the
study of many uncommon diseases. Using the Bayesian
inferential paradigm, elicited beliefs in the form of priors
can be used to supplement limited therapeutic data®*.

Further, our study is the first to evaluate the beliefs of
experts about the effect of warfarin on survival in SSc-PAH
and IPAH and the magnitude of this effect. Demonstration
of a divergence of opinion regarding the effect of warfarin
on survival in SSc-PAH and IPAH indicates the presence of
community uncertainty. If warfarin is effective in improving
survival, it is an inexpensive therapy that could be accessi-
ble globally. If ineffective for improving survival, the harm
of major hemorrhage precludes its use in these patient
groups. A randomized trial is needed to address this clinical
question. Our study offers necessary data to provide justifi-
cation for the trial and to inform trial design.
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