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ABSTRACT
Benchmarks of clinical management are essential for improving the quality of care. However, the lack of established quality metrics

for pulmonary arterial hypertension (PAH) contributes to practice heterogeneity. We assessed our center's diagnostic practices,

therapeutic practices, and risk‐adjusted survival patterns over time for the purpose of establishing quality benchmarks. We analyzed

the demographics, clinical characteristics, and diagnostic evaluation of 702 PAH patients enrolled between 1999 and 2019. We

examined outcomes in this cohort, including an analysis of risk stratification, therapeutic practice patterns, hospitalizations, organ

transplant, and survival. Initial diagnostic workup of incident PAH cases demonstrated excellent completion of echocardiographic

(99%) and pulmonary function testing (91%), with improved completion of VQ scanning over the study time period (90% between

2015 and 2019). Right heart catheterization (RHC) was performed in all patients; RHC performed at our center was more likely to

include complete hemodynamic data than those performed at referring institutions (55.4% and 30.4% respectively). The average

number of PAH‐specific medications prescribed increased over time; however, there was no significant increase in the use of

parenteral therapy over time, even when stratified by the REVEAL risk score. Survival rates in the cohort were 94% at 1 year, 75% at

5 years, and 60% at 10 years, comparable to those of other PAH cohorts. Analysis of our well‐characterized cohort of PAH patients

reveals the extent to which guideline‐directed diagnostic and therapeutic care is delivered at our specialty center, and the associated

outcomes; these data may serve as a benchmark for continued improvements in quality of PAH care.

This is an open access article under the terms of the Creative Commons Attribution‐NonCommercial License, which permits use, distribution and reproduction in any medium, provided the original

work is properly cited and is not used for commercial purposes.
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1 | Introduction

Quality improvement is an ethically‐mandated and multi-
dimensional element of good clinical practice [1]. Publication
of outcome measures as a component of the quality improve-
ment process improves transparency and patient‐centered
approaches to clinical care. Furthermore, it is this process of
quantifying quality that allows for the identification of practice
patterns that can facilitate the improvement in quality of care
at one and across multiple centers. To advance quality
improvement at a national level, the Centers for Medicare and
Medicaid Services (CMS) have partnered with multiple entities
to form the Core Quality Measures Collaborative, whose pri-
mary aim is to identify a set of outcome measures to which
providers and payers can communally adhere. The focus of
these measures is on improving care quality in common and
economically burdensome diseases with well‐established,
evidence‐based interventions.

Conceivably, the same approach could improve care in rarer
conditions, especially if implemented by expert specialized
centers. Pulmonary arterial hypertension (PAH) is a chronic,
progressive and fatal disease affecting the pulmonary vascula-
ture resulting in a progressive rise in pulmonary vascular
resistance (PVR) with consequent right ventricular failure [2].
Although PAH is a rare disease [2, 3], it imposes a significant
economic burden on payers and patients [4]. Given the need for
specialized management, it is recommended that PAH patients
receive care at expert pulmonary hypertension centers [5].

Significant discrepancies remain between evidence‐based rec-
ommendations and local practice patterns in the diagnostic
evaluation and treatment of PAH, constituting a “care gap” in
the management of these patients [6]. Efforts to improve
adherence to evidence‐based practice guidelines include the
establishment of the PAH Quality Enhancement Research Ini-
tiative (PAH‐Queri) [7] and an initiative by the Pulmonary
Hypertension Association, a non‐profit patient advocacy group,
to accredit centers with expertise in the management of PAH.
The American College of Cardiology (ACC) and the American
Heart Association (AHA) have proposed a methodology for
selecting performance measures to quantify the quality of care
in cardiovascular diseases [1]. More recently, the European
Society of Cardiology (ESC) has published quality indicators for
care and outcomes in PAH [8]. Despite these initiatives and
frameworks, a need remains for the clarification of quality
benchmarks that are applicable across centers. Developing such
metrics is dependent on understanding the current practice
patterns and outcomes in usual care. There is limited data on
current practice patterns, but studies have demonstrated sub-
optimal adherence to guidelines even among providers at spe-
cialty centers [9, 10]. To this end, we performed a single‐center,
descriptive analysis of a cohort of patients from a prospective,
observational registry at the Stanford Adult Pulmonary Hyper-
tension Program (SAPHP) that reflects our management prac-
tices. Our objectives were to (i) describe the demographics and
risk factors of the cohort over time, (ii) characterize the diag-
nostic and therapeutic care provided at our center (iii) report
longitudinal outcomes including hospitalization, transplanta-
tion, and overall survival rates, and (iv) assess changes in our
practice patterns over time.

2 | Methods

2.1 | Study Population and Variables

The Vera Moulton Wall Center Database (VMWCDB) at Stan-
ford University is an ongoing relational, observational registry
of PH patients started in 1999. The VMWCDB captures demo-
graphic and clinical data of both incident and prevalent PAH
patients diagnosed by right heart catheterization (RHC). Pa-
tients were diagnosed with PAH based on a mean pulmonary
artery pressure (mPAP) of ≥ 25mmHg on incident catheteri-
zation and expert clinical adjudication.

We performed a systematic database search for all World Health
Organization (WHO) Group 1 PAH patients enrolled before
December 2019. Patients with primarily WHO Groups 2, 3, 4
and 5 PH were excluded. To reflect changes in care patterns
over time, patients were divided into four cohorts (pre‐2005,
2005–2009, 2010–2014, 2015–2019) based on the date of inclu-
sion into the VMWCDB. Patients were followed from the time
of their initial enrollment until death or last clinic visit pre-
ceding database lock (December 2019).

Demographic and clinical variables collected in this study
included age, gender, race, ethnicity, etiology of PAH, New
York Heart Association functional class (NYHA FC), body mass
index (BMI), 6 min walk distance (6MWD), and serum
N‐terminal pro‐brain natriuretic peptide (NT‐proBNP) level.
PAH‐relevant medications at the time of enrollment and in
subsequent visits were recorded, including pulmonary vasodi-
lators, diuretics, and anticoagulants.

To assess each patient's risk profile, the Registry to Evaluate
Early and Long‐term PAH Disease Management (REVEAL) risk
score was calculated on initial enrollment and recalculated at
each subsequent patient visit allowing for longitudinal re-
stratification [11]. The REVEAL risk score is a simplified cal-
culator derived and validated from data collected in a registry of
WHO Group 1 PAH patients and estimates 1‐year mortality. For
each REVEAL risk score variable, the most recent value was
used, a practice supported by previous studies on risk re‐
stratification in PAH [12]. Event rates were standardized to
the year 2008 to allow comparisons which account for the
changing patient demographics at the center.

Hemodynamic measurements from the initial RHC were col-
lected. If the reported data were incomplete, we performed
standard calculations to obtain absent values when possible.
Specifically, mPAP was calculated as (systolic pulmonary artery
pressure (sPAP) + 2*diastolic pulmonary artery pressure
(dPAP))/3, or if only the sPAP was available, the mPAP was
calculated as 0.6*sPAP. PVR was calculated as (mPAP − pul-
monary artery wedge pressure (PAWP))/cardiac output (CO).
Our database does not capture the frequency with which raw
hemodynamic data was reviewed as opposed to reported values
when performed at outside institutions.

Additionally, we collected data on the initial diagnostic testing
that each patient underwent in the evaluation and classification of
their PH, based on current guidelines; these data included results
from chest computed tomography (CT), echocardiography,
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pulmonary function testing (PFT), ventilation/perfusion (VQ)
scanning, and polysomnography (PSG) [13].

2.2 | Outcomes

Measured outcomes included all‐cause mortality (verified by
the Social Security Death Index), double‐lung or heart‐lung
transplantation, and hospitalizations. Event‐free survival was
defined by the combined absence of either death or transplan-
tation. We captured and reported all‐cause hospitalizations
starting in 2007. All hospitalizations at Stanford Hospital were
captured starting at this time and those at outside institutions
were entered into the database when those records were
available. Annual rates of these outcomes were calculated and
reported as the number of events per 100 patient‐years.

2.3 | Statistical Methods

For demographics, risk factors, diagnostic testing and thera-
peutic interventions, continuous variables were expressed as
median (interquartile range [IQR]) or mean ± standard devia-
tion (SD), and categorical variables were expressed as counts
(percentages). Two sample t‐tests were used to compare con-
tinuous variables, and chi‐square or Fisher exact tests were used
to compare categorical variables, as appropriate.

For evaluation of outcomes, standardized hospitalization and
organ transplant event rates were calculated using the “epi-
tools” R package, version 0.5‐10 [14]. Kaplan–Meier estimates of
survival and organ survival and log‐rank p‐values were calcu-
lated. Greenwood's formula was used to calculate the standard
error to construct the 95% confidence intervals. When esti-
mating survival, we right‐censored any patient who did not die.
When estimating organ survival, we right‐censored any patient
who did not die or undergo lung transplantation. The last visit
before the database lock was used as the censoring time. We
calculated standardized event rates to account for the changing
patient makeup over time, using direct standardization with
2008 as the reference population. Exact 95% confidence inter-
vals were calculated for the standardized event rates.13

All tests were two‐sided and conducted at the 0.05 level of
significance. As the goal of our study is to characterize a patient
population rather than to formally test any hypotheses, we do
not adjust our p‐values for multiple comparisons. All analyses
were performed in R version 3.5.1 [15]. Figures were created
using the “ggplot2” package, version 3.1.0 [16].

3 | Results

3.1 | Baseline Cohort

Between January 1999 and December 2019, 702 patients with
PAH were enrolled in the VMWCDB (Table 1). Overall, 535
of 702 (76%) were female and the overall mean age of the
cohort was 49+/−16 years; mean age at enrollment increased
across cohorts, from 42.2+/−15.2 in the pre‐2005 cohort to

54.5+/−14.8 in the 2015–2019 cohort (p < 0.01). The majority
of the patients in the cohort were Caucasian (54%, n = 376).
Most of the patients enrolled had either connective tissue
disease (CTD)‐associated (29%, n = 202), drug and toxin‐
associated (28%, n = 193), or idiopathic (25%, n = 175) PAH
(IPAH). While the fraction of patients presenting with drug
and toxin‐associated PAH (DT‐PAH) increased by the most
recent cohort (from 27% to 35%), that of congenital heart
disease (CHD)‐associated PAH decreased (from 18% to 8%).
The majority of patients presented as NYHA FC III (53%,
n = 258); there was no statistically significant change in the
fraction of presenting cases of any one of the four NYHA‐FCs
over time. There was, however, a decrease in the baseline
6MWD (381.4 ± 134 to 328.0 ± 136 meters) and an increase in
NT‐proBNP (median value of 288 to 807 pg/dL) levels noted
in the most recent cohort as compared to the pre‐2005 cohort.

Upon enrollment, 438 of 702 (62%) of patients were treatment
naïve, 188 of 702 (27%) of patients presented on pulmonary
vasodilator monotherapy, 60 of 702 (9%) of patients presented
on dual therapy, and 15 of 702 (2%) of patients presented on
triple therapy; these fractions did not change significantly
between cohorts (Table 2).

3.2 | Diagnostic Evaluation

The diagnostic testing performed in each cohort is outlined in
Table 3. Of the 702 patients, 696 (99%) patients had echo-
cardiography, 641 (91%) patients underwent PFT, 617 (88%)
patients had a CT scan of the chest, and 655 (93%) patients had
a 6‐min walk test (6MWT). Overall, 574 (82%) patients under-
went ventilation‐perfusion scanning, which increased over the
four time periods from 73% in the pre‐2005 cohort to 90% in the
2015–2019 cohort. 135 (19%) patients underwent PSG. Exclud-
ing PSG, 67% of patients had complete diagnostic testing with
an increase in the 2015–2019 cohort (72%) compared to pre‐
2005 cohort (58%). If PSG is considered a component of com-
prehensive evaluation 14% of patients underwent complete
diagnostic testing.

All patients had undergone RHC either at their referring
institution or at Stanford upon enrollment, as required for
VMWCDB inclusion (Table 3). All initial outside and Stanford
RHCs were analyzed for completeness of hemodynamic re-
porting. On the initial RHC of the 702 patients, 700 (99.7%) had
mPAP values, 672 (95.7%) had mean right atrial pressure
(mRAP) values, 573 (81.6%) patients had reported CO or cardiac
index (CI) values, 664 (94.6%) patients had reported pulmonary
artery wedge pressure values and 564 (80.3%) patients had re-
ported PVR values. Catheterizations performed at Stanford had
a higher percentage of patients with hemodynamic variables
available: mRAP (98.7% vs. 84.2%), pulmonary PAWP (98.6% vs.
88.9%), CO/CI (98.9% vs. 79.9%) and PVR (98.0% vs. 74.2%); this
remained the case when considering vasoreactivity testing
(74.8% vs. 37.6%) (Figure 1). Some patients underwent a repeat
RHC at Stanford for baseline measurements.

Overall 409 of the total 702‐subject (58.2%) cohort underwent
vasoreactivity testing. Of the 366 subjects with idiopathic, her-
itable or DT‐PAH 150 underwent an index catheterization at an
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outside institution with 61 (41%) undergoing vasoreactivity
testing at that time. Of these 366 subjects, 361 underwent one or
more catheterizations at Stanford with vasoreactivity testing
performed in 264 (73.1%) of those initial catheterizations and
339 (93.9%) having vasoreactivity testing performed at least
once over the course of their catheterizations at Stanford. A
total of 42 of the 409 subjects (10.3%) were found to be vasor-
eactive (Table 3). Among these 42 vasoreactive subjects 26
(61.9%) had IPAH, DT‐PAH or heritable PAH (HPAH) as their
underlying etiology. Vasoreactivity testing performance im-
proved after the pre‐2005 cohort.

3.3 | Risk Stratification

The REVEAL risk score of all patients was obtained at baseline
and updated at each subsequent encounter. The distribution of
REVEAL risk scores every year is displayed in Figure 2. Both
incident and prevalent patients are included to allow for an
assessment of the cumulative risk of our entire cohort. The
majority of patients were low‐risk (REVEAL score ≤ 7).
Each year, the proportion of patients with a high‐risk score
(REVEAL score ≥ 10) was low, peaking at 15.2% in 2003.
(Figure 2).

3.4 | Therapeutics

The number of prescribed PAH‐specific therapies changed for
the cohort over the study period (Figure 3). The number of
patients on > 1 PAH medication increased over the time period
in low, intermediate, and high‐risk patients. (Supporting
Information S1: Figure A, B) The percentage of patients treated
with parenteral prostacyclins each year ranged from 4.3% to
14.7%; there did not appear to be any meaningful change in the
proportion of low, intermediate, or high‐risk patients on pros-
tacyclin therapy over time (Supporting Information S1: Fig-
ures C, D). By the subsequent encounter following incident
catheterization, 19–42 (45.2%) vasoreactive patients were pre-
scribed calcium channel blockers. Calcium channel blocker use
in four vasoreactive patients was unknown.

3.5 | Outcomes

Between 2008 and 2019 there were a total of 1900 all‐cause
hospitalizations among 486 patients resulting in 158.3 hospi-
talizations per year (range: 91–220/year). The REVEAL risk
score‐adjusted hospitalization rate ranged between 14.8 (95% CI
11.2–19.3) and 22.33 (95% CI 18.3–27.0) hospitalizations per 100
person‐years annually (Figure 4). The rate was increasing until
the 2019 calendar year when the risk‐adjusted hospitalization
rate decreased. The REVEAL risk score‐adjusted organ survival
rate ranged from 0 (95% CI 0.0–4.88) to 6.0 (95% CI 3.9–8.9)
events per 100 person‐years annually (Figure 5); these did not
change meaningfully over time.

There were 249 deaths during the study period; 46 (7%) patients
underwent lung or heart‐lung transplantation. Survival rates in
the study population were 94% (95% CI: 93%–96%) at 1 year,T
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83% (95% CI: 81%–86%) at 3 years, 75% (95% CI: 72%–79%) at
5 years, and 60% (95% CI: 56%–65%) at 10 years (Figure 6).
Similarly, organ survival rates were 94% (95% CI: 93%–96%) at
1 year, 83% (95% CI: 80%–86%) at 3 years, 74% (95% CI:
70%–77%) at 5 years and 56% (95% CI: 52%–61%) at 10 years. No
statistically significant difference was observed when compar-
ing organ survival by time cohort (Supporting Information S1:
Figure E).

4 | Discussion

Important aspects of care at a PAH specialty center include
appropriate initial evaluation of newly referred patients and
timely treatment initiation based on risk stratification. How-
ever, despite a wealth of extant data in well‐characterized
cohorts that suggest worse outcomes with delays in therapy and
the suggestion of improved outcomes with initiation of combi-
nation therapy, published data that can inform quality
improvement in usual care settings is lacking [17, 18]. In this
study, we present the real‐world experience of our center in the
evaluation and treatment of PAH patients, with the goal of in-
forming metrics about quality of care for other PAH programs.
Our chosen quality metrics, informed by our own historic
quality measures and dependent on the data collected in the
VMWCDB, largely align with the ACC/AHA guidelines and the
ESC position paper [1, 8]. Specifically, we analyzed a well‐
phenotyped cohort of PAH patients over a designated period of
time and identified the most clinically pertinent dimensions of
care. The ESC proposes five domains of care [1]: structural
framework [2], diagnosis and risk stratification [3], initial

treatment [4] follow‐up and [5] outcomes—each with their own
proposed specific quality indicators. Our proposed quality
metrics of [1] diagnostic evaluations [2], therapeutic practice
patterns and [3] risk‐adjusted outcomes of hospitalization and
death are thematically aligned with four of those domains. To
facilitate an analysis of practice patterns over time we arbitrarily
divided our cohort into four time periods.

All patients enrolled in our database had RHC‐confirmed PAH.
Patients who underwent RHC at our specialty center were more
likely to have complete reporting of hemodynamic values,
although some cases from referring hospitals could have miss-
ing data calculated from values noted in the original reports.
Additionally, vasoreactivity testing was performed more often at
our center as compared to referring institutions. While guide-
lines recommend vasoreactivity testing in incident patients with
IPAH, DT‐PAH, and HPAH our practice has been to perform
testing in all WHO Group 1 PAH patients at both initial and
subsequent catheterizations unless deferred. Our database does
not capture reasons for deferring vasoreactivity testing but ex-
planations include lower mPAP values and elevated PAWP
values at the time of catheterization. Our data suggest that
when possible, initial catheterization should be performed at a
PAH specialty center, as is recommended in diagnostic guide-
lines for PAH [19].

The mean age at enrollment increased significantly across
cohorts, possibly reflecting a change in screening practices and
general echocardiography usage over that period of time. There
was a notable decrease in the baseline 6MWD and an increase
in NT‐proBNP levels noted in the most recent cohort. These

TABLE 2 | Baseline therapeutic regimen.

Patient
characteristics

Total
cohort
(n= 702)

Pre‐
2005

(n= 175)
2005–2009
(n= 160)

2010–2014
(n= 223)

2015–2019
(n= 144) p‐value

Baseline medications

PDE‐5i 183 (26) 14 (8) 60 (38) 70 (31) 39 (27) < 0.01c

ERA 96 (14) 19 (11) 28 (17) 37 (17) 12 (8) 0.04c

Prostanoid 74 (11) 31 (18) 16 (10) 23 (10) 4 (3) < 0.01c

CCB 161 (27) 68 (41) 38 (26) 26 (19) 29 (21) < 0.01c

IPAH patients on
anticoagulationa

77
(51) (n= 150)

26
(62) (n= 42)

17 (47) (n= 36) 21 (58) (n= 36) 13 (36) (n= 36) 0.11c

Diuretics 326
(55) (n= 594)

101
(60) (n= 169)

92
(62) (n= 148)

71
(51) (n= 140)

62
(45) (n= 137)

0.01c

Number of medications
– n (%)

< 0.01b

None 438 (62) 120 (69) 84 (52) 134 (60) 101 (70)

Monotherapy 188 (27) 47 (27) 52 (32) 57 (26) 32 (22)

Dual Therapy 60 (9) 7 (4) 20 (12) 23 (10) 10 (7)

Triple Therapy 15 (2) 1 (1) 4 (3) 9 (4) 1 (1)

Note: Data are shown as number and percentage relative to the corresponding cohort.
Abbreviations: CCB = calcium channel blocker, ERA = endothelin receptor antagonist, hypertension, IPAH = idiopathic pulmonary arterial,
PDE‐5i = phosphodiesterase‐5 inhibitor.
aAnticoagulation defined as warfarin or aspirin.
bFisher's exact test
cChi‐square test.
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findings may be attributable to an overall older cohort and
possibly reflective of a greater fraction of subjects with higher‐
risk CTD‐associated PAH.

Practice guidelines for the diagnosis and management of PAH
outline the diagnostic testing necessary for the appropriate
classification of PH. The overwhelming majority of our cohort
underwent echocardiography, PFTs, CT chest imaging, and
6MWT, consistent with current guidelines. The overall per-
centage undergoing PSG was considerably lower at 135/702
(19%); this value notably excludes overnight oximetry testing
which is not captured in our database. It is possible that the
low percentage undergoing PSG is secondary to a combination
of patient inconvenience, cost to patient and clinician discre-
tion in deferring testing in a patient with a low pre‐test
probability for sleep‐disordered breathing. The fraction of pa-
tients who had undergone V/Q scanning increased signifi-
cantly over the four time periods and reached 90% for patients
in the final time cohort with a corresponding increase in
complete diagnostic testing (67%) with PSG excluded and 14%
with PSG included.

Reflecting the availability of new therapies and clinical trial
results, guideline recommendations regarding therapy have
changed over the time the VMWCDB has operated. The
current recommendation is upfront dual therapy for most low

and moderate‐risk patients, while parenteral prostacyclins
are recommended for high‐risk patients [20]. In our cohort,
there were notable increases in the number of medications
prescribed to patients within the cohort, corresponding to the
introduction of newly‐approved therapies. After 2007, the
majority of patients in our cohort were on > 1 PAH‐specific
drug. Surprisingly, there was no significant difference
between high, intermediate, and low‐risk patients in terms of
number of therapies or proportion of parenteral prostacy-
clins. This could be explained by many factors, including
improvement in REVEAL risk score after initiation of these
therapies or provider/patient decisions to forego specific
therapies despite high‐risk features. Studying therapeutic
approaches presents greater challenges than diagnostic
practices or outcomes with respect to creating benchmarks.
Along with an increasing number of approved agents is the
paucity of trials comparing various regimens across a range of
different risk profiles. A comprehensive longitudinal analysis
of therapeutic practice patterns over time in different risk
profiles among incident and prevalent patients could be the
basis of a future study.

Survival in our cohort was comparable to other large cohorts
of PAH patients [21–23]. Notably, survival remained rela-
tively constant over the time periods studied, despite
improvements in rates of diagnostic testing, more favorable

FIGURE 1 | Proportion of right heart catheterizations that report specific hemodynamic measures from outside facilities versus Stanford.

Referring Reported: data obtained from documentation from the referring facility. Referring Reported/Calculated: both data obtained from docu-

mentation and data calculated from the available data using standard hemodynamic relationships. Stanford: data obtained from documentation from

Stanford. CO = cardiac output, CI = cardiac index, mRAP = mean right atrial pressure, mPAP = mean pulmonary artery pressure,

PAWP = pulmonary artery wedge pressure, PVR = pulmonary vascular resistance.
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baseline hemodynamics at presentation, and an increase in
the number of approved therapeutic options. It is possible
that because our incident patients over time were older and
more frequently male, fixed variables associated with poorer
outcomes in other studied cohorts, our outcomes did not
improve over time [24]. Additionally, these outcomes may
been influenced by co‐morbid conditions which were not
analyzed in this data set.

The rate of hospitalizations in our patient population appears
to be low when considering the morbidity and mortality of
PAH and is comparable to the frequency of hospitalization
among patients with similar survival rates, such as end‐stage

left heart failure [25]. It is possible that the decrease in risk‐
adjusted hospitalization rate noted in 2019 is at least partially
attributable to the implementation of a post‐hospitalization
clinic. Given the financial and psychosocial burden of hos-
pitalizations, this overall metric is an important benchmark
for the care of PAH patients. We believe that these risk‐
adjusted metrics of hospitalization and death can function as
benchmarks for other programs interested in studying their
quality outcomes.

Our study represents, to the best of our knowledge, the only
published markers of risk‐adjusted hospitalization, event‐free
survival, and all‐cause mortality rates for a well‐described

FIGURE 2 | Distribution of REVEAL risk scores by year.
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cohort of PAH patients which we believe is a vital quality
metric. Hendriks et al. performed a two‐center analysis of sur-
vival and treatment strategies with similarly timed cohorts of
patients but without risk adjustment or an analysis of diagnostic
patterns or hospitalization rates [26]. They did not note an
improvement in all‐cause mortality rate over time as well.

Our centre is a PHA‐accredited Comprehensive Center of Care
with the attendant support of all the services required for such a
designation. Inpatients with PAH are admitted to a primary
service attended by a PAH specialist and intensive care services
are conducted in a coronary care unit. Outpatient services are

supported by experienced advanced practice nurse practition-
ers, registered nurses, physician assistants and a dedicated
social worker. The number of providers facilitates prompt ap-
pointments for both referrals and post‐hospitalization en-
counters. These elements constitute the vital portions of the
‘structural framework’ domain noted in the ESC position paper.

Our study has notable limitations. While the cohort is robust
this is nonetheless a single‐center study. Despite being pro-
spective, the VMWDB is still prone to missing data. For inci-
dents in which practice deviated from the standard of care, the
VMWDB lacks justifying documentation. For example, the less‐
than‐expected rate of CCB use in patients with positive vasor-
eactivity testing could be partially explained by a subset of pa-
tients who developed vasoreactivity during the course of their
PAH treatment who were not prescribed CCB in addition to
their extant regimen. Our study did not specifically evaluate
initial treatment practice patterns, the one unaddressed ESC
domain. Our study intentionally evaluated incident and preva-
lent cases together during a given time period for the purposes
of establishing the overall risk of the cohort when evaluating
risk‐adjusted outcomes. Indeed, the VMWDB stretches over a
long period of time, during which practice patterns and
guideline recommendations for diagnostics and therapeutics
have changed. With respect to outcomes our hospitalization
rates reflect completely those at our institution but it is possible
that hospitalizations at outside institutions are not fully cap-
tured if we were not made aware of them.

In the future, comprehensive assessments of practice patterns
across centers can provide the means to establish meaningful
benchmarks.

Delivering quality care to patients with PAH requires sub-
specialty experience, and the publication of benchmarks in
diagnostic and therapeutic testing from specialized PH centers
is an important aspect of quality improvement in the field. In
total, we present our center's experience with initial evaluation

FIGURE 3 | Number of pulmonary vasodilator therapies prescribed by year in the overall cohort.

FIGURE 4 | Risk‐adjusted hospitalization rates by year expressed in

events per 100 patient‐years at risk.
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in PAH, as well as treatment characteristics and outcome rates
over the longitudinal course of care. We believe our data can
assist in the creation of benchmarks and offer our single‐center
data as a starting point for the PAH community to develop these
metrics.
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