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 Prostacyclin and Oral Vasodilator Th erapy in 
Sarcoidosis-Associated Pulmonary Hypertension 
 A Retrospective Case Series 

  Catherine A.   Bonham ,  MD ;  Justin M.   Oldham,   MD ;  Mardi   Gomberg-Maitland ,  MD ,  FCCP ; and  Rekha   Vij ,  MD  

  BACKGROUND:    It is unclear whether recent advances in pulmonary arterial hypertension therapy 
can be safely applied to sarcoidosis-associated pulmonary hypertension (SAPH). Evidence for 
prostacyclin (PG) therapy in SAPH is limited. 
  METHODS:    We conducted a single-center, retrospective review of 46 patients with sarcoidosis, 
26 of whom had SAPH. Th irteen received PG as monotherapy or in combination with oral 
vasodilators.  
  RESULTS:    Follow-up right-sided heart catheterization at a mean of 12.7 months revealed 
improved cardiac output, cardiac index, and pulmonary vascular resistance. Functional class 
and N-terminal pro-brain natriuretic peptide levels also improved in patients treated with PG. 
No signifi cant change in oxygen requirement was seen with vasodilator therapy initiation. At 
2 years, 15 patients with SAPH survived, including eight on PG, and at 5 years, seven survived, 
including fi ve on PG. Survival was signifi cantly reduced in patients with SAPH compared with 
patients who had sarcoidosis without pulmonary hypertension. Multivariate analysis demon-
strated that the use of PG therapy in SAPH is not associated with increased mortality.  
  CONCLUSIONS:    Many patients with severe SAPH showed signifi cant hemodynamic and clin-
ical improvement on long-term IV or subcutaneous PG therapy and had survival outcomes 
similar to patients with moderate SAPH on oral vasodilator therapy.   
    CHEST  2015; 148(4): 1055 - 1062  

 [     Original Research  Pulmonary Vascular Disease      ] 

 Manuscript received October 13, 2014; revision accepted April 1, 2015. 
  ABBREVIATIONS:  D lco   5  diff using capacity of lung for carbon monox-
ide; FC  5  functional class; HR  5  hazard ratio; mPAP  5  mean pulmonary 
artery pressure; NT-proBNP  5  N-terminal pro-brain natriuretic peptide; 
PAH  5  pulmonary arterial hypertension; PG  5  prostacyclin; PH  5  
pulmonary hypertension; RHC  5  right-sided heart catheterization; 
SAPH  5  sarcoidosis-associated pulmonary hypertension; TTE  5  trans-
thoracic echocardiography 
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  Sarcoidosis is a multisystem granulomatous disease that 
can aff ect the pulmonary interstitium, thoracic lymph 
nodes, airways, and pulmonary vasculature. Pulmonary 
hypertension (PH) is found in 5.7% to 28.3% of patients 
with sarcoidosis  1,2   and is common in those with 
fi brotic lung disease.  3   Among patients with sarcoidosis 
referred for lung transplantation, 73.8% have sarcoidosis-
associated PH (SAPH).  4   Compared with patients 
aff ected by sarcoidosis without PH, patients with SAPH 
face more functional disabilities  4   and higher mortality.  5   

 Sarcoidosis is classifi ed among group 5 PH disorders 
due to multiple etiologies.  6   Mechanisms leading to 
SAPH include capillary obliteration secondary to fi bro-
sis, altered vascular mechanics due to parenchymal 
distortion,  7   impingement of vasculature by enlarged 

lymph nodes, granulomatous angiitis, pulmonary veno-
occlusion,  8   and left  ventricular dysfunction.  9   It is unclear 
whether pulmonary arterial hypertension (PAH) ther-
apies are applicable to SAPH. Extension of PAH-specifi c 
therapy to SAPH is complicated by a heterogeneous 
vasodilator response in sarcoidosis.  10,11   Evidence for 
the use of prostacyclin (PG) therapy in SAPH is 
limited. 

 We present the largest case series to our knowledge of 
patients with SAPH treated with PH-specifi c therapy in 
the United States, highlighting our experience with 
PG therapy. To better understand the PH-associated 
mortality in sarcoidosis, we also examined predictors 
of SAPH survival compared with non-PH sarcoidosis 
with similar pulmonary disease involvement. 

 Materials and Methods 
 Study Patients 
 We reviewed records of patients with SAPH treated at the University 
of Chicago from 2004 to 2014. Data were obtained with informed con-
sent under institutional review board #13-1367.  12   Patients met standard 
diagnostic criteria for sarcoidosis  13   and had a mean pulmonary artery 
pressure (mPAP)  �  25 mm Hg as measured by right-sided heart cathe-
terization (RHC). Exclusion criteria were the following: (1) PH second-
ary to left -side heart failure, connective tissue disease, portal hypertension, 
HIV, thromboembolic disease, anorexigen use, or congenital or valvular 
heart disease; (2) World Health Organization functional class (FC) I 
or II; or (3) never received PH-specifi c therapy. If pulmonary capillary 
wedge pressure was  .  15 mm Hg, the case was reviewed by physicians 
specializing in PH and included if PAH was the primary etiology for 
SAPH. 

 We identifi ed patients with sarcoidosis but without PH from the Univer-
sity of Chicago interstitial lung disease clinic. Th ese patients had normal 

right ventricular size and function on transthoracic echocardiography 
(TTE) or cardiac MRI performed at the discretion of their physician as 
standard of care. Th is cohort provided informed consent under institu-
tional review board #14163A. 

 Statistical Methods 
 Continuous variables are reported as medians with interquartile range 
and compared using the two-sample Wilcoxon-Mann-Whitney test. 
Categorical variables are reported as counts and percentages and com-
pared using  x  2  or Fisher exact test. Paired RHC, N-terminal pro-brain 
natriuretic peptide (NT-proBNP) level, and oxygenation data were 
compared using the Wilcoxon signed rank test. Survival analysis was 
performed using univariate and multivariate Cox regression with unad-
justed log-rank test and plotted using the Kaplan-Meier survival estima-
tor. Survival time was defi ned as time from RHC in patients with PH or 
TTE or cardiac MRI in those without PH to death, transplant, or end of 
the study period. Patients were censored at the time of transplant or loss 
to follow-up. All data were analyzed using Stata 13 statistical soft ware 
(StataCorp LP).    

 Results 
 Study Population 

 Th irty-two patients with SAPH were identifi ed, and six 
were excluded for the following reasons: Two had PH 
from left -side heart failure, two were FC II, and two did 
not receive PH-specifi c therapy. Th us, 26 patients with 
SAPH met the inclusion criteria, of whom 13 received 
PG. Seven received epoprostenol, and six received 
treprostinil. 

 For the non-PH cohort, 40 patients with sarcoidosis 
were identifi ed. Nine did not undergo TTE or cardiac 
MRI. Eleven had right ventricular dilation or dysfunc-
tion, leaving 20 patients for analysis. 

 Patient demographics are shown in  Table 1 .   Th ere were 
no diff erences in age, sex, or BMI. Th e median age of 
patients with SAPH receiving PG was 50 years, and 

69% were women. Pulmonary function tests were avail-
able in 22 patients with SAPH, showing severe disease 
with a median diff using capacity of lung for carbon 
monoxide (D lco ) of 29% predicted. 

 Patients with SAPH treated with PG had more severe 
PH than those receiving other PH-specifi c therapy 
based on RHC hemodynamic parameters. Baseline pul-
monary function tests and the presence of pulmonary 
fi brosis were not signifi cantly diff erent. 

 Hemodynamic Outcomes 

 Ten patients who received PG underwent follow-up 
RHC at a mean time of 12.7 months aft er PG initiation. 
Cardiac output improved signifi cantly from 3.4 L/min 
to 5.3 L/min ( P   5  .0069) as did the cardiac index, 
which improved from 1.7 L/min/m 2  to 2.9 L/min/m 2  
( P   5  .0069). Pulmonary vascular resistance improved 
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