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Clinical Features and Outcomes 
of Patients with Sarcoidosis-
associated Pulmonary 
Hypertension
Kishan S. Parikh   1, Talal Dahhan1, Leigh Nicholl2, Nicole Ruopp1, Gina-Maria Pomann2, 
Terry Fortin1, Victor F. Tapson3 & Sudarshan Rajagopal   1

The presence of pulmonary hypertension (PH) significantly worsens outcomes in patients with 
advanced sarcoidosis, but its optimal management is unknown. We aimed to characterize a large 
sarcoidosis-associated pulmonary hypertension (SAPH) cohort to better understand patient 
characteristics, clinical outcomes, and management strategies including treatment with PH therapies. 
Patients at Duke University Medical Center with biopsy-proven sarcoidosis and SAPH confirmed by 
right heart catheterization (RHC) were identified from 1990–2010. Subjects were followed for up to 11 
years and assessed for differences by treatment strategy for their SAPH, including those who were not 
treated with PH-specific therapies. Our primary outcomes of interest were change in 6-minute walk 
distance (6MWD) and change in N-terminal pro-brain natriuretic peptide (NT-proBNP) by after therapy. 
We included 95 patients (76% women, 86% African American) with SAPH. Overall, 70% of patients had 
stage IV pulmonary sarcoidosis, and 77% had functional class III/IV symptoms. Median NT-proBNP value 
was elevated (910 pg/mL), and right ventricular dysfunction was moderate/severe in 55% of patients. 
Median values for mean pulmonary artery pressure (49 mmHg) and pulmonary vascular resistance (8.5 
Woods units) were consistent with severe pulmonary hypertension. The mortality rate over median 
3-year follow-up was 32%. Those who experienced a clinical event and those who did not had similar 
overall echocardiographic findings, hemodynamics, 6MWD and NT-proBNP at baseline, and unadjusted 
analysis showed that only follow-up NT-proBNP was associated with all-cause hospitalization or 
mortality. A sign test to evaluate the difference between NT-Pro-BNP before and after PH therapy 
produced evidence that a significant difference existed between the median pre- and post-NT-Pro-BNP 
(−387.0 (IQR: −1373.0-109), p = 0.0495). Use of PH-specific therapy may be helpful in selected patients 
with SAPH and pre-capillary pulmonary vascular disease. Prospective trials are needed to characterize 
responses to PH-specific therapy in this subset of patients with SAPH.

Sarcoidosis is a systemic disease that affects the parenchyma, interstitium, thoracic lymph nodes, airways and 
vasculature of the lungs1. Pulmonary hypertension is thought to complicate sarcoidosis in 5–28% of patients, 
and has been reported to be present in up to 74% of patients with advanced sarcoidosis1–5. The presence of 
sarcoidosis-associated pulmonary hypertension (SAPH), classified as World Health Organization group 5 due 
to its complex/multifactorial mechanisms6, is known to worsen outcomes5,7,8. In one case series, the diagnosis of 
SAPH carried a 7-fold increased risk for death over 3-year follow-up3.

No pulmonary arterial hypertension (PH)-specific therapies are currently approved to treat SAPH5. Prior 
pilot studies and anecdotal experiences have yielded overall neutral results with pulmonary vasodilators in man-
agement of patients with SAPH1,9–13. However, comprehensive description of pulmonary hypertension, includ-
ing hemodynamics, functional and echocardiographic findings, in SAPH is limited, especially description of 
real-world experiences and in context of ongoing treatment for sarcoidosis14,15. We aimed to characterize a large 
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cohort of patients with newly diagnosed SAPH, factors that led to treatment with PH-specific therapy, and phe-
notypes associated with adverse clinical outcomes in follow-up. Because of the questionable validity of 6-minute 
walk distance (6MWD) as a surrogate marker for PH severity in the setting of pulmonary sarcoidosis16, we also 
included natriuretic peptide endpoints in our study.

Methods
We identified patients using the Decision Support Repository, a Duke University Health System electronic data 
warehouse that aggregates clinical data of patients. Patient data available in the database include laboratory data, 
demographics, International Classification of Diseases-9 codes, medications, and computerized physician order 
entry logs; details of its design have been previously described17, We also reviewed electronic health records to 
collect sarcoidosis stage, pulmonary function test findings, vital signs, echocardiography and right heart cath-
eterization findings. Our study population of interest consisted of patients evaluated at a single tertiary care 
referral center for pulmonary vascular disease between 1990–2010. Patients had biopsy-confirmed diagnosis of 
pulmonary sarcoidosis and a diagnosis of SAPH, defined as mPAP ≥ 25 mmHg at rest as measured by right heart 
catheterization. To exclude left heart dysfunction as a cause of pulmonary hypertension, patients with pulmonary 
capillary wedge pressure (PCWP) > 15 mmHg were excluded. Patients with missing values at baseline for 6MWD 
and N-terminal pro-brain natriuretic peptide (NT-proBNP) were excluded from statistical testing. The median 
follow-up period was 3 years.

We classified the initial PH management for each patient as one of the following 5 strategies: 1) Inhaled 
Monotherapy (inhaled treprostinil or iloprost); 2) Oral Monotherapy (phosphodiesterase-5 [PDE-5] inhibitor, 
endothelin receptor antagonist [ERA] or soluble guanylate cyclase [sGC] stimulator); 3) Parenteral Monotherapy 
(intravenous treprostinil or epoprostenol); 4) Initial Combination Therapy (more than one therapy); 5) No Therapy. 
Patient medication use was defined as whether a patient used a medication during their entire follow-up period. 
Missing values for medications including PH-specific therapy, immunosuppressant use (methotrexate, mycophe-
nolate, hydroxychloroquine, or other), steroids at baseline and follow-up were considered to denote that they were 
not prescribed. We assessed the following endpoints: time to hospitalization or death, change in 6MWD, and change 
in NT-proBNP. Both 6MWD and NT-proBNP were assessed before and after initiation of PH-specific therapy. Pre-
6MWD and pre-NT-proBNP were defined as the closest values within 3 to 9 months before beginning PH-specific 
therapy. Post-6MWD and post-NT-proBNP were the closest 6MWD value within 3 to 9 months after the patient’s 
first therapy was initiated. Right heart dysfunction and enlargement by echocardiography were categorized by an 
expert echocardiography reader categorically as ‘none’, ‘mild’, ‘moderate’, or ‘severe’.

The primary outcomes of interest were change in 6MWD and NT-proBNP. Changes in 6MWD and 
NT-proBNP by therapy group were reported using the following methods. A Kolmogorov–Smirnov (KS) test 
for normality was performed for both 6MWD and NT-ProBNP. The KS-test for normality was not rejected for 
the change in 6MWD (P = 0.15) and a paired t-test was used to assess for statistical significance. The KS-test for 
normality was rejected for the differences between Pre/Post NT-proBNP (P = 0.01), and therefore a sign test was 
used to compare median values of the cohorts. The study protocol was approved by the Duke University Health 
System institutional review board. Given our ability to use de-identified records from the electronic health record, 
a waiver of informed consent for this retrospective study was obtained from the institutional review board.

Results
We identified 95 patients (76% female; 86% African American) with histopathological diagnosis of pulmonary 
sarcoidosis and new diagnosis of SAPH between 1990–2010 (Table 1). The mean age at the time of SAPH diagno-
sis was 52 years, and 70% of the cohort had Stage IV/advanced sarcoidosis. Almost all patients (99%) were symp-
tomatic at baseline, and 77% of the cohort reported functional class III/IV symptoms. The median NT-proBNP 
at the time of initial evaluation was 910 pg/mL (Q1-Q3: 225–2807; reference < 225 pg/mL). Overall, 56 patients 
(59%) had either moderate or severe right ventricular (RV) enlargement and 55% had moderate or severe RV dys-
function. The median values for mPAP and PVR were 49 mmHg (Q1, Q3: 39, 60 mmHg) and 8.5 Wood units (Q1, 
Q3: 5.5, 12.7 Wood units), consistent with severe PH, and median cardiac index was also depressed (2.2 L/min/m2;  
Q1-Q3: 1.7–2.7 L/min/m2). The majority of patients was treated with medications for pulmonary sarcoidosis 
(61% on steroids and 18% on a non-steroidal immunosuppressant) on presentation to the PH clinic. Overall, 
78% of patients in this cohort received PH-specific therapy for SAPH; 36 (37.9%) patients received initial oral 
monotherapy, 23 (24.2%) parenteral monotherapy, 4 (4.2%) inhaled monotherapy, 11 (11.6%) combined therapy, 
and 21 (22.1%) received no therapy.

We then compared characteristics of SAPH patients based on initiation of PH-specific therapy (Table 1). 
Patients receiving therapy were 81% women as opposed to 57% in the no therapy group (P = 0.02) and had a 
higher PVR although not statistically significant (8.6 vs 6.1 Wood units, P = 0.10). There was no association 
between RV dysfunction and therapy, sarcoidosis stage, and mPAP (P > 0.2 for all). Subjects receiving parenteral 
monotherapy had the highest prevalence of moderate/severe RV dysfunction at baseline (19/23 or 83%), and 
those receiving no therapy had the lowest moderate/severe RV dysfunction (10/21 or 48%).

Clinical Outcomes.  The median time to hospitalization or death was 6 months (Q1-Q3: 3.0–12.0 months). 
Of the 64 patients (67%) who had a clinical event, stage IV sarcoidosis was present in 73% compared to 63% of 
those who did not experience hospitalization nor mortality (P = 0.69) (Table 2). Neither immunosuppressant, 
steroid, nor PH therapies were associated with having a clinical event. Baseline echocardiographic and hemody-
namic characterization of RV function and PH was not associated with outcome, but follow-up NT-proBNP value 
was higher in those who died or were hospitalized (1258.0 vs. 262.0 pg/mL, P = 0.007).
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No PH therapy 
(N = 21)

Started on PH 
therapy (N = 74) Total (N = 95) P-value

Age at PH Diagnosis, years 49.4 ± 9.8 53.0 ± 11.2 52.2 ± 11.0 0.1

Women 12 (57.14%) 60 (81.08%) 72 (75.79%) 0.02

Race 1.0

   Caucasian 2 (9.5%) 10 (13.5%) 12 (12.6%)

   African American 19 (90.5%) 63 (85.1%) 82 (86.3%)

   Other 0 (0%) 1 (1.4%) 1 (1.0%)

BMI, kg/m2 28.4 (25.4, 36.1) 29.3 (24.8, 34.3) 28.6 (25.0, 34.3) 0.9

Smoker 8 (38.1%) 27 (36.5%) 35 (36.8%) 0.9

WHO Functional Class 0.1

   Class 1 0 (0.00%) 1 (1.35%) 1 (1.06%)

   Class 2 6 (30.00%) 15 (20.27%) 21 (22.34%)

   Class 3 4 (20.00%) 34 (45.95%) 38 (40.43%)

   Class 4 10 (50.00%) 24 (32.43%) 34 (36.17%)

Sarcoidosis Stage 0.2

   0 2 (10.53%) 3 (4.05%) 5 (5.38%)

   1 2 (10.53%) 4 (5.41%) 6 (6.45%)

   2 4 (21.05%) 8 (10.81%) 12 (12.90%)

   3 1 (5.26%) 4 (5.41%) 5 (5.38%)

   4 10 (52.6%) 55 (74.3%) 65 (69.9%)

DLCO, % 44.0 (24.0, 57.0) 32.0 (26.0, 45.0) 33.0 (26.0, 47.0) 0.2

Mean FVC, % 53.4 ± 20.2 56.5 ± 18.4 55.8 ± 18.7 0.6

Immunosuppressants

   Steroids 11 (52.4%) 47 (63.5%) 58 (61.0%) 0.4

   Methotrexate 0 (0.0%) 6 (8.1%) 6 (6.3%) 0.3

   Mycophenolate 0 (0.0%) 2 (2.7%) 2 (2.1%) 1.0

   Hydroxychloroquine 2 (9.5%) 7 (9.5%) 9 (9.5%) 1.0

Systolic BP, mmHg 125.5 ± 22.3 126.7 ± 20.1 126.4 ± 20.5 0.8

Biomarkers

NT-proBNP, pg/mL (N = 37) 510.5 (169.0, 
5062.0)

1028.5 (254.0, 
2311.0)

909.5 (225.0, 
2807.0) 0.9

Echocardiography (N = 95)

RV size 0.9

   Normal 3 (14.3%) 16 (21.6%) 19 (20.0%)

   Mildly enlarged 5 (23.8%) 15 (20.3%) 20 (21.1%)

   Moderately enlarged 4 (19.1%) 16 (21.6%) 20 (21.1%)

   Severely enlarged 9 (42.9%) 27 (36.5%) 36 (37.9%)

RV function 0.3

   Normal 10 (47.6%) 21 (28.4%) 31 (32.6%)

   Mild dysfunction 1 (4.8%) 11 (14.9%) 12 (12.6%)

   Moderate dysfunction 5 (23.8%) 25 (33.8%) 30 (31.6%)

   Severe dysfunction 5 (23.8%) 17 (23.0%) 22 (23.2%)

TAPSE, cm 1.9 ± 0.7 1.9 ± 0.8 1.9 ± 0.7 0.9

Pericardial effusion 0.2

   None/trace 18 (85.7%) 69 (93.2%) 87 (91.6%)

   Mild 1 (4.8%) 4 (5.4%) 5 (5.3%)

   Moderate 2 (9.5%) 1 (1.4%) 3 (3.2%)

Hemodynamics (N = 75)

RA pressure, mmHg 10.0 (8.0, 15.0) 8.0 (5.0, 13.0) 8.0 (5.0, 14.0) 0.3

Mean PA pressure, mmHg 47.6±15.3 49.1 ± 12.0 48.8 (12.5) 0.7

Cardiac index, L/min/m2 2.2 (1.9, 2.8) 2.3 (1.7, 2.7) 2.2 (1.7, 2.7) 0.8

PVR, Wood units 6.1 (4.1, 12.3) 8.6 (6.3, 12.7) 8.5 (5.5, 12.7) 0.1

Table 1.  Baseline population characteristics of patients with SAPH grouped by PH-specific therapy initiation. 
Categorical variables expressed as N (%), and normally distributed continuous variables given as mean (SD), 
otherwise median (Q1, Q3). Abbreviations: PH (pulmonary arterial hypertension), BMI (body mass index), 
WHO (World Health Organization), DLCO (diffusing capacity of the lung for carbon monoxide), FVC 
(forced vital capacity), NT-proBNP (N-terminal pro-brain natriuretic peptide), RV (right ventricular), TAPSE 
(tricuspid annular plane systolic excursion), RA (right atrial), PA (pulmonary artery), PVR (pulmonary 
vascular resistance).
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Pre- and post-therapy initiation.  Among the 74 patients receiving PH-specific therapy, 37 (50%) had 
non-missing 6MWD and NT-proBNP values in the pre-specified 3–9 months pre- and 3–9 months post-therapy 
initiation windows. Of this cohort, 33 patients continued on their original therapy throughout study follow-up. 
6MWD did not significantly change over time (mean change = 10.8 ± 118.0 m, P = 0.29) (Fig. 1), but NT-proBNP 
decreased after therapy was initiated (median change  = −387 pg/mL, P = 0.049) (Fig. 2, top) with a median per-
centage change of 51.2% once therapy was started (P = 0.049) (Fig. 2, bottom).

Death or hospitalization 
(N = 64)

No clinical event 
(N = 31) Total P-value

Baseline

Age at PH diagnosis, years 50.9 (11.3) 55.1 (9.9) 52.2 (11.0) 0.08

Women 51 (79.7%) 21 (67.7) 72 (75.8%) 0.2

Race 1.0

   Caucasian 8 (12.5%) 4 (12.9%) 12 (12.6%)

   African
   American 55 (85.9%) 27 (87.1%) 82 (86.3%)

   Other 1 (1.6%) 0 (0%) 1 (1.1%)

BMI, kg/m2 28.5 (25.7, 36.1) 28.9 (21.3, 33.8) 28.6 (25.0, 34.3) 0.4

WHO functional class 0.6

   Class 1 1 (1.6%) 0 (0%) 1 (1.1%)

   Class 2 12 (18.8%) 9 (30.0%) 21 (22.3%)

   Class 3 26 (40.6%) 12 (40.0%) 38 (40.4%)

   Class 4 25 (39.1%) 9 (30.0%) 34 (36.2%)

Sarcoidosis stage 0.7

   0 3 (4.8%) 2 (6.7%) 5 (5.4%)

   1 4 (6.4%) 2 (6.7%) 6 (6.5%)

   2 8 (12.7%) 4 (13.3%) 12 (12.9%)

   3 2 (3.2%) 3 (10.0%) 5 (5.4%)

   4 46 (73.2%) 19 (63.3%) 65 (69.9%)

DLCO, % 33.0 (25.0, 47.0) 32.0 (27.0, 45.0) 33.0 (26.0, 47.0) 0.7

Immunosuppresants

   Steroids 39 (60.9%) 19 (61.3%) 58 (61.1%) 1.0

   Methotrexate 5 (7.8%) 1 (3.2%) 6 (6.3%) 0.7

   Mycophenelate 2 (3.1% 0 (0%) 2 (2.1%) 1.0

   Hydroxychloroquine 5 (7.8%) 4 (12.9%) 9 (9.5%) 0.5

Parameters at follow-up

NT-proBNP, pg/mL 1258.0 (365.0, 3286.0) 262.0 (150.5, 
1810.0)

785.5 (232.0, 
2828.5) 0.007

RV size 0.2

   Normal 41 (64.1%) 26 (83.9%) 67 (70.5%)

   Mildly enlarged 6 (9.4%) 2 (6.5%) 8 (8.4%)

   Moderately enlarged 10 (15.6%) 1 (3.2%) 11 (11.6%)

   Severely enlarged 7 (10.9%) 2 (6.5%) 9 (9.5%)

RV function 0.4

   Normal 46 (71.9%) 25 (80.7%) 71 (74.7%)

   Mild dysfunction 3 (4.7%) 3 (9.7%) 6 (6.3%)

   Moderate dysfunction 11 (17.2%) 2 (6.5%) 13 (13.7%)

   Severe dysfunction 4 (6.3%) 1 (3.2%) 5 (5.3%)

TAPSE, cm 1.7 (0.5) 1.8 (0.6) 1.8 (0.5) 0.7

RA pressure, mmHg 10 (5, 14) 7 (4, 13) 9 (4, 14) 0.3

Mean PA pressure, mmHg 48 (13) 45 (12) 47 (13) 0.4

Cardiac index, L/min/m2 2.4 (1.9, 3.0) 2.5 (2.2, 3.0) 2.5 (2.0, 3.0) 0.4

PVR, Wood units 8.4 (5.3, 11.5) 7.4 (4.1, 8.9) 8.1 (4.9, 10.5) 0.09

Table 2.  Baseline and follow-up characteristics for patients grouped by clinical event status at the end of study 
duration. Categorical variables expressed as N (%), and normally distributed continuous variables given as 
mean (SD), otherwise median (Q1-Q3). Abbreviations: PH (pulmonary arterial hypertension), BMI (body mass 
index), WHO (World Health Organization), DLCO (diffusing capacity of the lung for carbon monoxide), NT-
proBNP (N-terminal pro-brain natriuretic peptide), RV (right ventricular), TAPSE (tricuspid annular plane 
systolic excursion), RA (right atrial), PA (pulmonary artery), PVR (pulmonary vascular resistance).
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Figure 1.  Distribution of change in 6MWD from pre- to post-initiation of PH-specific therapy in SAPH cohort. 
Positive values correspond to an increase in 6MWD. For display purposes, we exclude one outlier that falls 
outside of this range. Sensitivity analysis show that the results do not change based on this outlier.

Figure 2.  Distribution of change in NT-proBNP (top) and percent change in NT-proBNP (bottom) with PH-
specific therapy in SAPH cohort. Positive values correspond to an increase in NT-proBNP. For display purposes, 
we exclude one outlier that falls outside of this range. Sensitivity analysis show that the results do not change 
based on this outlier.
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Discussion
In this study, we characterized 95 patients with SAPH followed at a single academic center, the management of 
their PH, and their clinical outcomes. Unlike prior studies, we have included and described separately patients 
receiving and not receiving PH therapy to provide a more complete description of clinical course. We reported 
three major findings. First, this cohort had a high burden of morbidity. Almost 4 out of 5 patients with SAPH 
at the time of their initial diagnosis had significant functional limitations, reporting class III or IV symptoms, 
and the median time to hospitalization or death was only 6 months (not associated with pulmonary sarcoido-
sis stage), reflecting the disease burden associated with both pulmonary hypertension and stage IV pulmonary 
sarcoidosis18. The presence of stage IV sarcoidosis at time of SAPH diagnosis was not associated with whether a 
patient experienced hospitalization/mortality at follow-up. Among the 37 patients receiving PH-specific therapy, 
we observed a 51% improvement in NT-proBNP. Further, given the association between an elevated follow-up 
NT-proBNP and hospitalization/ death, it is possible that the elevated NT-proBNP may reflect persistent right 
heart dysfunction, the central determinant of survival in PH. This is consistent with a recent study by Boucly et al.  
in which hemodynamics improved with PH therapy in SAPH patients14. Like Boucly et al., we also found no 
change in 6MWD with PH-specific treatment in our SAPH population.

Several prospective pilot studies have been performed for various PH-specific therapies in SAPH with over-
all neutral/mixed results and have been summarized recently5. However, important limitations to these studies 
should be recognized to provide context. For example, in an open-label trial of ambrisentan, a high dropout rate 
(>50%) was observed for the 21 subjects, and a lower dose or placebo control arm would have provided further 
insight into the poor tolerability. In a double-blind, placebo-controlled trial, bosentan was well-tolerated and 
serial right heart catheterization demonstrated improvement in mean PA pressure and PVR, but 6MWD actually 
worsened in the bosentan group11. Retrospective studies of epoprostenol19, iloprost12, and sildenafil20 similarly 
have reported improvement in hemodynamics but no consistent direction of 6MWD change13,21. These mixed 
findings may be related to small sample sizes, the multifactorial etiologies of pulmonary hypertension in sar-
coidosis patients, and co-existing disease processes, underscoring the need for careful phenotyping of patients 
and goals/endpoint selection to measure the contribution of PH to the patient’s overall condition. These studies 
coupled with our findings suggest that 6MWD may not be an appropriate measure of treatment success in SAPH.

Two studies reporting on characteristics of SAPH patients have been previously reported, the University of 
Chicago cohort (N = 26)1 and the United Kingdom cohort (N = 24)10. Both studies found high rates of mortality. 
Prostacyclin therapy was associated with no increased mortality and improved NT-proBNP in the University 
of Chicago patients, and pulmonary vasodilators in general were associated with improved hemodynamics and 
6MWD in the United Kingdom patients. Right heart failure and significant lung fibrosis were associated with 
worse outcomes in this group. Our study adds a more complete description of clinical characteristics. We found 
that our SAPH patients had severe PH on presentation. The diagnosis of pulmonary hypertension in sarcoidosis 
patients can be challenging given the overlap of symptoms, and new-onset right heart failure may be the event 
that initiates workup in some patients8. Once diagnosed with SAPH, many factors are considered when assess-
ing candidacy for treatment with PH-specific therapy including functional capacity, laboratory, imaging, inva-
sive testing, and evaluation for concomitant left heart disease22. This study included providers specializing PH, 
whereas many patients with SAPH are managed by clinicians who do not routinely manage PH, and likely affects 
treatment decisions. In our cohort, gender was the only characteristic among demographics, disease-specific 
variables, and echocardiographic/hemodynamic descriptors of pulmonary hypertension that was associated with 
whether or not PH therapy was initiated (due to clinical impression of treatable PH). Although the reason for this 
is unclear, it is possible that women may be more likely to develop pulmonary hypertension due to pulmonary 
vascular disease as opposed to other etiologies of PH in the setting of pulmonary sarcoidosis. It is also possible 
that additional information including functional limitations, vasoreactivity9,19, and more refined imaging charac-
teristics may be needed to prospectively identify the SAPH patients most likely to benefit from treatment.

Our study also assessed all-cause hospitalizations and death as clinical outcomes of interest. Patients who were 
started on intravenous, inhaled, or oral combination therapy for SAPH were much more likely to experience a 
clinical event in follow-up. Given prior evidence that these PH-specific therapies are overall well-tolerated and 
are associated with reduced NT-proBNP in our cohort, these findings are less likely related to adverse drug effect, 
and instead reflects a sicker subgroup of SAPH patients. Importantly, maintaining a low NT-proBNP at follow-up 
was associated with freedom from hospitalization/death and may represent an intermediate endpoint for patients 
with SAPH.

Our study has several important limitations related to the retrospective design. Because data was not collected 
prospectively, there was missingness of data that limited follow-up assessment of intermediate endpoint changes 
including 6MWD and NT-proBNP. Therapeutic decision-making was done by experts on an individual patient 
basis, and therefore difficult to generalize or study systematically in a retrospective fashion. Because parenteral 
therapy was the main therapeutic option in earlier years of the study, it is likely that this was overrepresented in 
our patient population as treatment choice. Further, to best understand treatment patterns of SAPH, an analysis 
of variation in practice by provider type (i.e., PH specialist) is necessary. Evidence to support clinical decisions in 
SAPH remains limited and optimal treatment is still unknown6,8.

Conclusions
At a large academic center, patients with newly diagnosed SAPH have pulmonary sarcoidosis that spans all stages, 
and present with significant functional limitations and severe pulmonary hypertension. Although overall risks/
benefits need further exploration, PH therapy initiation was associated with decreased NT-proBNP. Unadjusted 
analysis of follow-up NT-proBNP, but not 6MWD, was associated with death and hospitalization in SAPH 
patients and may be an important intermediate endpoint in the SAPH population.
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Data Availability
The datasets generated during and/or analysed during the current study are available from the corresponding 
author on reasonable request.

References
	 1.	 Bonham, C. A., Oldham, J. M., Gomberg-Maitland, M. & Vij, R. Prostacyclin and oral vasodilator therapy in sarcoidosis-associated 

pulmonary hypertension: a retrospective case series. Chest 148, 1055–1062, https://doi.org/10.1378/chest.14-2546 (2015).
	 2.	 Sulica, R. et al. Distinctive clinical, radiographic, and functional characteristics of patients with sarcoidosis-related pulmonary 

hypertension. Chest 128, 1483–1489, https://doi.org/10.1378/chest.128.3.1483 (2005).
	 3.	 Shorr, A. F., Helman, D. L., Davies, D. B. & Nathan, S. D. Pulmonary hypertension in advanced sarcoidosis: epidemiology and 

clinical characteristics. The European respiratory journal 25, 783–788, https://doi.org/10.1183/09031936.05.00083404 (2005).
	 4.	 Handa, T. et al. Incidence of pulmonary hypertension and its clinical relevance in patients with sarcoidosis. Chest 129, 1246–1252, 

https://doi.org/10.1378/chest.129.5.1246 (2006).
	 5.	 Shlobin, O. A., Brown, A. W. & Nathan, S. D. Pulmonary Hypertension in Diffuse Parenchymal Lung Diseases. Chest 151, 204–214, 

https://doi.org/10.1016/j.chest.2016.08.002 (2017).
	 6.	 Simonneau, G. et al. Updated clinical classification of pulmonary hypertension. J Am Coll Cardiol 62, D34–41, https://doi.

org/10.1016/j.jacc.2013.10.029 (2013).
	 7.	 Shorr, A. F., Davies, D. B. & Nathan, S. D. Predicting mortality in patients with sarcoidosis awaiting lung transplantation. Chest 124, 

922–928 (2003).
	 8.	 Shlobin, O. A. & Nathan, S. D. Management of end-stage sarcoidosis: pulmonary hypertension and lung transplantation. The 

European respiratory journal 39, 1520–1533, https://doi.org/10.1183/09031936.00175511 (2012).
	 9.	 Preston, I. R. et al. Vasoresponsiveness of sarcoidosis-associated pulmonary hypertension. Chest 120, 866–872 (2001).
	10.	 Dobarro, D. et al. Clinical characteristics, haemodynamics and treatment of pulmonary hypertension in sarcoidosis in a single 

centre, and meta-analysis of the published data. The American journal of cardiology 111, 278–285, https://doi.org/10.1016/j.
amjcard.2012.09.031 (2013).

	11.	 Baughman, R. P. et al. Bosentan for sarcoidosis-associated pulmonary hypertension: a double-blind placebo controlled randomized 
trial. Chest 145, 810–817, https://doi.org/10.1378/chest.13-1766 (2014).

	12.	 Baughman, R. P. et al. Inhaled iloprost for sarcoidosis associated pulmonary hypertension. Sarcoidosis, vasculitis, and diffuse lung 
diseases: official journal of WASOG/World Association of Sarcoidosis and Other Granulomatous Disorders 26, 110–120 (2009).

	13.	 Ford, H. J., Baughman, R. P., Aris, R., Engel, P. & Donohue, J. F. Tadalafil therapy for sarcoidosis-associated pulmonary hypertension. 
Pulm Circ 6, 557–562, https://doi.org/10.1086/688775 (2016).

	14.	 Boucly, A. et al. Management and long-term outcomes of sarcoidosis-associated pulmonary hypertension. The European respiratory 
journal 50, https://doi.org/10.1183/13993003.00465-2017 (2017).

	15.	 Baughman, R. P. et al. Clinical features of sarcoidosis associated pulmonary hypertension: Results of a multi-national registry. Respir 
Med 139, 72–78, https://doi.org/10.1016/j.rmed.2018.04.015 (2018).

	16.	 Baughman, R. P. & Shlobin, O. A. Treatment of sarcoidosis-associated pulmonary hypertension: so close, and yet so far. The 
European respiratory journal 50, https://doi.org/10.1183/13993003.01725-2017 (2017).

	17.	 Horvath, M. M. et al. The DEDUCE Guided Query tool: providing simplified access to clinical data for research and quality 
improvement. J Biomed Inform 44, 266–276, https://doi.org/10.1016/j.jbi.2010.11.008 (2011).

	18.	 Nardi, A. et al. Stage IV sarcoidosis: comparison of survival with the general population and causes of death. The European 
respiratory journal 38, 1368–1373, https://doi.org/10.1183/09031936.00187410 (2011).

	19.	 Fisher, K. A. et al. Sarcoidosis-associated pulmonary hypertension: outcome with long-term epoprostenol treatment. Chest 130, 
1481–1488, https://doi.org/10.1378/chest.130.5.1481 (2006).

	20.	 Milman, N. et al. Pulmonary hypertension in end-stage pulmonary sarcoidosis: therapeutic effect of sildenafil? The Journal of heart 
and lung transplantation: the official publication of the International Society for Heart Transplantation 27, 329–334, https://doi.
org/10.1016/j.healun.2007.11.576 (2008).

	21.	 Barnett, C. F. et al. Treatment of sarcoidosis-associated pulmonary hypertension. A two-center experience. Chest 135, 1455–1461, 
https://doi.org/10.1378/chest.08-1881 (2009).

	22.	 Baughman, R. P., Engel, P. J., Taylor, L. & Lower, E. E. Survival in sarcoidosis-associated pulmonary hypertension: the importance of 
hemodynamic evaluation. Chest 138, 1078–1085, https://doi.org/10.1378/chest.09-2002 (2010).

Author Contributions
S.R. is supported by NIH grants K08HL114643, Gilead Research Scholars in Pulmonary Arterial Hypertension 
and a Burroughs Welcome Career Award for Medical Scientists. L.N. is supported by NCATS grant number 
UL1TR001117. K.S.P., T.D., T.F., V.F.T., and S.R. developed study design and methodology. K.S.P. drafted 
manuscript. L.N. and G.M.P. conducted statistical analysis. All authors reviewed manuscript prior to submission.

Additional Information
Competing Interests: Sudarshan Rajagopal (Sudarshan.rajagopal@duke.edu): Consulted for United 
Therapeutics, Gilead Sciences and Bayer Sciences. Research funded by United Therapeutics and Gilead Sciences.
Publisher’s note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2019

https://doi.org/10.1038/s41598-019-40030-w
https://doi.org/10.1378/chest.14-2546
https://doi.org/10.1378/chest.128.3.1483
https://doi.org/10.1183/09031936.05.00083404
https://doi.org/10.1378/chest.129.5.1246
https://doi.org/10.1016/j.chest.2016.08.002
https://doi.org/10.1016/j.jacc.2013.10.029
https://doi.org/10.1016/j.jacc.2013.10.029
https://doi.org/10.1183/09031936.00175511
https://doi.org/10.1016/j.amjcard.2012.09.031
https://doi.org/10.1016/j.amjcard.2012.09.031
https://doi.org/10.1378/chest.13-1766
https://doi.org/10.1086/688775
https://doi.org/10.1183/13993003.00465-2017
https://doi.org/10.1016/j.rmed.2018.04.015
https://doi.org/10.1183/13993003.01725-2017
https://doi.org/10.1016/j.jbi.2010.11.008
https://doi.org/10.1183/09031936.00187410
https://doi.org/10.1378/chest.130.5.1481
https://doi.org/10.1016/j.healun.2007.11.576
https://doi.org/10.1016/j.healun.2007.11.576
https://doi.org/10.1378/chest.08-1881
https://doi.org/10.1378/chest.09-2002
http://creativecommons.org/licenses/by/4.0/

	Clinical Features and Outcomes of Patients with Sarcoidosis-associated Pulmonary Hypertension

	Methods

	Results

	Clinical Outcomes. 
	Pre- and post-therapy initiation. 

	Discussion

	Conclusions

	Figure 1 Distribution of change in 6MWD from pre- to post-initiation of PH-specific therapy in SAPH cohort.
	Figure 2 Distribution of change in NT-proBNP (top) and percent change in NT-proBNP (bottom) with PH-specific therapy in SAPH cohort.
	Table 1 Baseline population characteristics of patients with SAPH grouped by PH-specific therapy initiation.
	Table 2 Baseline and follow-up characteristics for patients grouped by clinical event status at the end of study duration.




