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Survival in Sarcoidosis-Associated
Pulmonary Hypertension
The Importance of Hemodynamic Evaluation
Robert P. Baughman, MD, FCCP; Peter J. Engel, MD; Lisa Taylor, BA, RN;
and Elyse E. Lower, MD

Objective: Pulmonary hypertension (PH) has been associated with increased mortality in patients
with advanced pulmonary sarcoidosis. Sarcoidosis-associated PH may be the result of left
ventricular dysfunction (LVD) or isolated pulmonary vasculature abnormality. Our objective was
to determine if the cause of PH affects survival in patients with sarcoidosis with persistent
dyspnea.
Methods: Patients with sarcoidosis with persistent dyspnea despite immunosuppressive therapy
underwent right-sided heart catheterization. Patients with a pulmonary artery occluding pressure
(PAO) ⱖ 15 mm Hg were defined as having LVD. Patients were classified based on hemodynamics as no PH (pulmonary artery mean pressure [PAmean] , 25 mm Hg), PH without LVD
(PAmean ⱖ 25 mm Hg and PAO , 15 mm Hg), and PH with LVD (PH/LVD) (PAmean ⱖ 25 mm Hg
and PAO ⱖ 15 mm Hg).
Results: One hundred thirty patients were studied at one institution: 50 (38.5%) patients had PH
without LVD, whereas 20 (15.4%) had PH/LVD. All patients had their diagnostic procedure at
least 18 months prior to analysis. The hazard ratio (HR) for death in PH without LVD vs no PH
was 10.39 (95% CI, 2.99-13.78; P , .0001). The HR for dying for PH without LVD vs PH/LVD was
3.14 (95% CI, 1.01-5.62; P , .05). The presence of stage 4 chest roentgenograms and the need for
supplemental oxygen were different between the groups. In a Cox proportional hazards model,
independent predictors for survival were stage 4 chest roentgenogram (P , .005) and hemodynamic group (P , .02).
Conclusion: PH without LVD was associated with increased mortality. Proper characterization
of patients required hemodynamic evaluation, as 29% of sarcoidosis-associated PH was due to
LVD.
CHEST 2010; 138(5):1078–1085
Abbreviations: Dlco 5 diffusion capacity of the lung for carbon monoxide; HR 5 hazard ratio; LVD 5 left ventricular
dysfunction; LVEF 5 left ventricular ejection fraction; PAmean 5 pulmonary artery mean pressure; PAO 5 pulmonary
artery occluding pressure; PAsys 5 pulmonary artery systolic pressure; PH 5 pulmonary hypertension; PVR 5 pulmonary
vascular resistance

investigators have identified pulmonary
Several
hypertension (PH) in patients with sarcoidosis.
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Based on World Health Organization classification,
PH can be divided into five groups, including group 1
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pulmonary arterial hypertension and group 2 PH
due to left ventricular disease. Group 1 encompasses
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arterial hypertension. Because PH due to sarcoidosis
can be caused by several factors, including vascular
changes, fibrotic destruction of the blood vessels, and
direct compression of the vessels by adenopathy,6
sarcoidosis-associated PH is included in group 5.
Studies of patients with sarcoidosis awaiting lung
transplant confirm that the presence of PH is associated with a worse prognosis7,8 with the overall
mortality of this group 27.4%.9 However, these studies identified PH on the pulmonary artery mean
pressure (PAmean) only without assessing for left
ventricular dysfunction (LVD). The granulomas of
sarcoidosis can also cause left ventricular disease with
or without systolic dysfunction.10-13 This can lead to
congestive heart failure with clinical manifestations
that mimic many other conditions.
Left ventricular disease can be caused by myocardial dysfunction leading to a reduced left ventricular
ejection fraction (LVEF). However, isolated left ventricular diastolic dysfunction can occur in the setting
of normal left ventricular function, as assessed by a
normal LVEF.14 In patients with left ventricular failure due to nonrheumatic disease, some authors have
found a reduced LVEF is associated with poorer outcomes,15 while others found that survival was essentially the same whether LVEF is reduced.16
Because we and others have noted that PH occurs
in more than one-half of persistently dyspneic patients
with sarcoidosis,1,2,4 our institution routinely performed
right-sided heart catheterizations on these patients.
Two groups of patients with sarcoidosis with PH were
identified: those with PH alone and those with PH
and LVD. This report evaluates factors that influence
survival in patients with sarcoidosis with persistent
dyspnea.
Materials and Methods
Patients at the University of Cincinnati Sarcoidosis and Interstitial Lung Disease Clinic were eligible for this study. All patients
in this clinic are entered into a database and information regarding right-sided heart catheterization has been collected prospectively for the past 7 years. All patients eligible for this study
were diagnosed with sarcoidosis based on standard criteria,17 and
they underwent right-sided heart catheterization for persistent
moderate-to-severe dyspnea and at least 6 months of systemic antiinflammatory therapy prior to analysis. This study was approved by
the University of Cincinnati Institutional Review Board.
Information recorded from the cardiac catheterization included
the pulmonary artery systolic pressure (PAsys), PAmean, pulmonary artery occluding pressure (PAO), and cardiac output. If the
PAO could not be accurately measured, the left ventricular enddiastolic pressure was recorded (two cases). Cardiac output was
determined by the Fick method. The pulmonary vascular resistance (PVR) was calculated using the formula (PAmean 2 PAO)/
cardiac output and reported in Wood units.
Using the definition of PH as a PAmean ⱖ 25 mm Hg,18 patients
were classified with PH with or without LVD. Based on catheterization findings, patients were divided into three groups:
PAmean , 25 mm Hg (no PH); PAmean ⱖ 25 mm Hg and
www.chestpubs.org

PAO , 15 mm Hg (PH without LVD); and PAmean ⱖ 25 mm Hg
and PAO ⱖ 15 mm Hg (PH/LVD) (World Health Organization
group 2).
In addition to right-sided heart catheterization data, we also
collected FVC, echocardiography measurements, and chest roentgenogram staging using the Scadding classification system.19
Spirometry was done within 6 months of catheterization. Normal
values for spirometry were calculated using a standard algorithm
that is race specific.20 Diffusion capacity of the lung for carbon
monoxide (Dlco) was performed using the single breath technique, and normal values were calculated using a standard algorithm.21 Survival was calculated based on last visit or date of death.
In some cases, date of death was determined using the Social
Security Death Index.
Statistics
Comparisons between groups were made using nonparametric
testing, including Mann Whitney U test. Survival was compared
between groups using Kaplan-Meier survival curve. Comparison
between survival rates were performed by a log rank test with a calculated x2 and P value. In some cases, a hazard ratio (HR) and 95% CI
were reported comparing two groups. Patients still alive at the
time of analysis were censored as alive for further analysis, regardless of the length of time of follow-up. HRs for increased mortality
were calculated for individual features that may be associated
with increased mortality. A Cox proportional hazards regression
analysis with stepwise selection was performed on those factors
with a P value , .10. For factors with a high degree of collinearity,
only the most robust factor was considered. This included the
absolute FVC over the FVC percent predicted and the FEV1.
Variables were included in the model if their P value was , .10.
A P value of , .05 was considered significant. Statistics were calculated using Medcalc statistical software (Frank Schoonjans;
Mariakerke, Belgium).

Results
One hundred thirty patients with sarcoidosis underwent right-sided heart catheterization, revealing
50 (38.5%) patients with PH without LVD and
20 (15.4%) patients with PH/LVD. Figure 1 summarizes
the outcome of the catheterizations, including the
survival of patients. At the end of the study, all patients
were either accounted for by clinic visits or had
died.
Table 1 summarizes the characteristics of the three
groups studied. No race, age, or gender differences
were identified among the three groups. In contrast,
a significant difference was noted in the proportion
of patients with different chest roentgenogram stage,
with one-half of patients with PH without LVD having stage 4 disease (x2 5 17.195; P , .05). Table 1 also
reports the percent predicted for the FVC and Dlco
for the three groups. Although patients with no PH
experienced significantly better FVC and Dlco percent predicted than either PH group, no significant
difference was measured between the two PH groups
for either pulmonary function test. Also shown is the
number of patients routinely using supplemental oxygen at the time of the catheterization. There was a
significant difference between the groups, with the
CHEST / 138 / 5 / NOVEMBER, 2010
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Figure 1. Flow diagram showing the outcome of patients enrolled in the study. LVD 5 left ventricular
dysfunction; PA 5 pulmonary artery; PH 5 pulmonary hypertension.

but there was considerable overlap. For the 14 patients
with an estimated PAsys ⱖ 50 mm Hg, there was a
significantly higher mortality (HR 5 4.4; 95% CI,
1.92-22.95; P , .005). Two of these fourteen had
PH/LVD. All patients had their LVEF estimated by
echocardiography. This included all 20 patients who
were in the PH/LVD group.
By definition, both groups with PH had a significantly
higher PAmean than the no-PH group (P , .0001),
and Figure 2 demonstrates histograms of the PAmean
for the two PH groups. There was no significant
difference between the PH without LVD (median
[range], 33 [25-75] mm Hg) group and the PH/LVD
(37 [26-53] mm Hg) group.
Figure 3 demonstrates the PVR for the three
groups. Patients with PH without LVD displayed a
significantly higher PVR (median [range], 4.3 [0.9-21.2]
Wood units) than either the patients with no PH
(1.6 [0.3-4.4] Wood units, P , .0001) or those with
PH/LVD (1.8 [0.6-2.8] Wood units, P , .0001).

no-PH group much less likely to be using supplemental oxygen than the other two groups (x2 5 27.44;
P , .0001). Patients in the PH/LVD group were
the most likely to use supplemental oxygen (14 of
20 patients).
Table 2 summarizes the time from the right-sided
heart catheterization until the time of analysis. On
average, patients with no PH were studied more
recently than those with PH without LVD, but there
was considerable overlap. Patients with PH/LVD were
not different from either of the two groups.
Eighty patients had an echocardiogram available
for review. Of these, only 56 (70%) had sufficient tricuspid regurgitant jet identified so that PAsys could
be estimated. Of these 56 cases, there was a significant correlation between the PAsys as estimated by
echocardiogram and the measured PAsys (r 5 0.62;
P , .0001). There was a higher estimated PAsys for
13 patients who died (median [range], 50 [27-70] mm Hg)
than for those who survived (43 [9-74] mm Hg, P , .05),

Table 1—Demographic Features of Patients
No PH
Feature
Total
Women
White
Age,a y
Chest roentgenogram stage (Scadding19)b
0
1
2
3
4
FVC,a % predicted
Dlco,a % predicted
Require supplemental oxygenf

PH Without LVD

PH/LVD

No.

%

No.

%

No.

%

60
45
37
52 (27-81)

…
75.0
61.7
…

50
33
20
52 (24-76)

66.0
40.0
…

20
13
9
57 (43-76)

65.0
45.0
…

3
16
11
14
16
80 (33-126)
80.5 (48-117)
7

5.0
26.7
18.3
23.3
26.7
…
…
12

1
7
10
7
25
59 (30-85)c
45 (20-82)c
22

2.0
14.0
20.0
14.0
50.0
…
…
44

0
10
3
4
3
66 (37-91)d
52 (35-94)e
14

0.0
50.0
15.0
20.0
15.0
…
…
70

Dlco 5 diffusion capacity of the lung for carbon monoxide; LVD 5 left ventricular dysfunction; PH 5 pulmonary hypertension.
Median (range).
bSignificant difference in radiologic pattern between groups: x2 5 17.195; P , .05.
cDiffers from no PH, P , .0001.
dDiffers from no PH, P , .02.
eDiffers from no PH, P , .005.
fDifference between groups: x2 5 27.44, P , .0001.
a
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Table 2—Time From Catheterization Until Analysis for This Study, y
Group
No PH
PH without LVD
PH/LVD

Median

Minimum

Maximum

25th Percentile

75th Percentile

3.05
4.45a
4.30

1.50
1.50
2.00

6.99
9.00
7.10

2.25
2.90
2.95

4.95
5.40
4.90

See Table 1 legend for expansion of abbreviations.
aDiffers from no PH, P , .05.

There was no significant difference in the PVR between
those with no PH and those with PH/LVD.
During the follow-up period, 31 (23.8%) patients
died: three (5%) in the no-PH group, 24 (48%) in
the PA-without-LVD group, and four (20%) in the
PH/LVD group. We compared the survival of patients
in the three groups. Figure 4A demonstrates a significant difference in the survival probability for those
patients with PH without LVD vs those with no PH or
PH/LVD (x2 5 24.16; P , .0001). The median survival
was 4.2 years for patients with PH without LVD. Too few
deaths occurred in the other two groups to calculate
median survival. The HR for death in PH without LVD

Figure 2. The histograms of the PAmean for: A, the PH-withoutLVD group; B, the PH/LVD group. There was no significant difference between the two groups. See Figure 1 legend for expansion
of abbreviations.
www.chestpubs.org

vs no PH was 10.39 (95% CI, 2.99-13.78; P , .0001).
The HR for death in PH without LVD vs PH/LVD was
3.14 (95% CI, 1.01-5.62; P , .05). When we examined
those with more severe PAH (PAmean . 35 mm Hg),
the HR was not significantly different from the less
severe PH-without-LVD group (HR 5 1.05; 95% CI,
0.47-2.36; P . .05). Thirteen of 27 patients with an initial PAmean of 25-35 mm Hg died during the observation period.
Figure 4B demonstrates the 95% CIs for the survival curves for all three groups. It also shows the number of patients who were at risk at the various time
points shown. These are patients who are still alive at
the denoted years after the catheterization. All patients
had undergone catheterization at least 18 months before
(Table 2). There was no significant difference between
the survival 1 year after catheterization for the no-PH
group (one of 60 had died) vs the PH-without-LVD
group (six of 50 had died; x2 5 3.31; P . .05). Of those
patients evaluated 2 years after catheterization, three
of 53 (6%) in the no-PH group had died, whereas
12 of 35 (34%) in the PH-without-LVD group had
died (x2 5 10.28; P , .002). Of the PH/LVD group
evaluated after catheterization, three of 20 (15%) had
died, which was not significantly different from either
of the two groups. For those patients who could be
evaluated 3 years after catheterization, only two of

Figure 3. The calculated PVR values of the three groups. The
PH-without-LVD group had significantly higher PVR values than
either the no-PH or PH/LVD groups (P , .0001 for both comparisons). There was no difference in the PVR values between the
no-PH and PH/LVD groups. PVR 5 pulmonary vascular resistance.
See Figure 1 legend for expansion of other abbreviations.
CHEST / 138 / 5 / NOVEMBER, 2010
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Figure 4. A, The survival curves of three groups based on rightsided heart catheterization: no PH, PH /LVD, and PH without LVD.
There was a significant difference in survival based on Kaplan
Meier analysis (x2 5 24.16; P , .0001). B, The same figure with
the 95% CIs for the three survival curves, as well as the number of
patients at risk at each of the time points. See Figure 1 legend for
expansion of abbreviations.

35 (6%) patients with no PH had died. For the
PH-without-LVD group, 17 of 40 (42%) had died,
which was significantly higher than the no-PH group
(x2 5 11.48; P , .001). Once again, the PH/LVD group
fell between these two groups, with four of 15 (27%)
patients having died. There was no significant difference between the other two groups.
Of the 20 patients with PH/LVD, seven patients
displayed echocardiographic evidence of a reduced
LVEF with a median of 25%, range 20% to 45%. There
was no difference between the clinical features of these
seven patients with systolic dysfunction compared with
those patients with isolated diastolic dysfunction. During
the follow-up period, two of seven patients (28.6%) with
reduced LVEF died, whereas only one of 13 (7.7%)
of PH/LVD patients with normal LVEF died. There
was no significant difference in survival between these
two groups, but the numbers were relatively small.
Patients were also evaluated based on PVR, with
49 patients demonstrating a PVR ⱖ 3 Wood units.

This included seven patients from the no-PH group.
Six of these seven patients had a PAmean between
20 and 25 mm Hg. Eight patients who were classified
with PH without LVD displayed a PVR of , 3 Wood
units, and these patients had high cardiac outputs
(median 5 9.0; range, 5.3-16.4 L /min). None of the
patients who were classified as PH/LVD had a PVR of
ⱖ 3 Wood units. Figure 5 demonstrates the survival
curves of the 49 patients with increased PVR compared with the 81 patients with normal PVR. There
was a significant difference in survival between these
two groups (x2 5 10.1921; P , .002). For those with a
PVR ⱖ 3 Wood units, the HR for mortality was 3.60,
with a 95% CI of 1.70-9.14.
Survival was also analyzed for patients based on
age, self-declared race and sex, FVC ⱕ 1.5 L, need
for supplemental oxygen, and chest roentgenogram
stage 4. Age was analyzed as a continuous variable
and was not a predictor of mortality. Approximately
one-third of patients had stage 4 chest roentgenograms, and these patients experienced significantly
higher mortality during the study period (HR 5 2.68;
95% CI, 1.45-7.03; P , .005). In contrast, a reduced
FVC, sex, or race was not associated with increased
risk for death. One-third of patients required supplemental oxygen, and this was associated with a borderline worse survival (HR 5 1.83; 95% CI, 0.91-4.17;
P 5 .09).
A Cox proportional hazards regression analysis
with stepwise selection was performed on factors
that on univariate analysis were associated with a
P value , .10. These were presence or absence of chest
roentgenogram stage 4, need for supplemental oxygen, and hemodynamics. To calculate HRs, patients
were classified based on whether they did or did not
have PH. There were two independent predictors of

Figure 5. The survival curves of patients with PVR , 3 Wood units
vs those with PVR ⱖ 3 Wood units. There was a significant difference in survival curves based on Kaplan Meier analysis
(x2 5 10.1921; P , .002). See Figure 1 legend for expansion of
abbreviations.
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mortality: chest roentgenogram stage 4 (HR 5 2.21;
95% CI, 1.08-4.51) and presence of PH (HR 5 7.43;
95% CI, 2.26-24.45).
Discussion
For patients with sarcoidosis, the rate of PH has
been reported to be between 5% and 15%.3,5 In studies of patients with dyspnea, the percentage of patients
with PH has been reported as . 50%.2,4 The current
study evaluated right-sided heart catheterization findings in 130 patients with sarcoidosis with persistent
moderate to severe dyspnea despite antiinflammatory
therapy for sarcoidosis. We did not have a standard
protocol for referring patients for right-sided heart
catheterization. We did not collect specific information for those patients who refused right-sided heart
catheterization. Previous studies have suggested that
reduced 6-min walk distance, desaturation with 6-min
walk, stage 4 chest roentgenogram, and reduced Dlco
may be useful in identifying patients with an increased
risk for PH.2-5,22
In 28% of these patients with sarcoidosis with PH,
LVD was the cause of PH. The noncaseating granulomas of sarcoidosis can infiltrate the myocardium,
leading to a reduced LVEF. Left ventricular cardiomyopathy was identified in seven (35%) of our patients
with PH/LVD.
Isolated left ventricular diastolic dysfunction has
been identified in patients with sarcoidosis.10,12 It has
been postulated that granulomatous involvement can
lead to isolated left ventricular diastolic dysfunction.12
We did not perform either MRI or PET scan on our
patients. Those techniques may have identified granulomatous involvement in our patients.23
In patients with sarcoidosis who were awaiting
lung transplant, PH was an independent predictor for
increased mortality.9 In a subsequent analysis of these
patients, there was a positive correlation between the
pulmonary artery pressure and PAO.8 This is not surprising, since left ventricular disease is a common
cause of PH.18 However, it is unclear how many of
these patients had left ventricular diastolic dysfunction that caused PH.
In the current study, the clinical outcome of patients
with PH associated with left ventricular disease was
significantly better compared with those with PH without LVD. At the time of catheterization, no clinical
features could distinguish between PH/LVD and PH
without LVD. This emphasizes the importance of
performing hemodynamic measurements to fully
characterize patients with sarcoidosis with PH.
All patients with PH and LVD had a PVR
, 3 Wood units. An increase in PVR would suggest
pulmonary vascular disease, which has been reported
in patients with sarcoidosis with PH.6 In the current
www.chestpubs.org

study, an elevated PVR was also associated with a
reduced survival. This has been reported in patients
with idiopathic pulmonary fibrosis.24
In a prior study of unselected patients with sarcoidosis, we reported that patients with FVC , 1.5 L had
increased risk for mortality from sarcoidosis.25 In the
current study, a reduced FVC was not associated with
increased mortality. However, because this study evaluated only patients with persistent dyspnea despite antiinflammatory therapy, it included patients with lower
FVC values. Shorr et al9 also detected no difference
in the FVC for survivors vs nonsurvivors in their
orthotopic lung transplant candidates.
As noted in previous observations, this study found
that patients with sarcoidosis with fibrotic chest roentgenograms (stage 4 disease) had an increased mortality.25
Multivariate analysis confirmed chest roentgenogram
staging as an independent predictor for mortality. The
association between pulmonary fibrosis and PH in sarcoidosis has been previously noted.1,2 However, using
chest roentgenogram staging in sarcoidosis may not
be sufficiently sensitive or specific to identify fibrosis.26
We did not have CT scans at the time of catheterization on enough patients to do that analysis.
Fibrotic lung disease is also associated with hypoxia.
In other lung diseases, hypoxia is associated with
PH.27,28 The need for supplemental oxygen has been
associated with PH in sarcoidosis in some studies8 but
not all.4 We did not find that need for supplemental
oxygen was predictive of PH without LVD. This may
have been because of the large percentage of PH/LVD
patients on supplemental oxygen. In sarcoidosis, vascular changes have also been noted to lead to PH.6
In an analysis of patients with sarcoidosis who were
awaiting lung transplant,9 African-American race, but
not sex, was a significant predictor of increased mortality.9 We did not find either race or sex associated
with worse survival. These differences may reflect
the diverse populations studied. None of the patients
in the current study was listed for lung transplant at
the time of study initiation, although one patient underwent transplant during follow-up and unfortunately
died 2 months later. In our analysis, we chose to use
time of death rather than time of transplant.
Dietary sodium restriction and aggressive diuresis are
usually successful as the initial treatment of isolated
left ventricular diastolic dysfunction.14 Those patients
with reduced ejection fractions associated with sarcoidosis received afterload reduction and diuretics
as well as angiotensin-converting enzyme inhibitors
and b-blockers as tolerated. Antiinflammatory drugs,
including corticosteroids and methotrexate,29 were
also prescribed.
A variety of agents, including prostacylines,1,30,31
endothelin receptor antagonists,1,31,32 and phosphodiesterase inhibitors,32,33 have been prescribed to treat
CHEST / 138 / 5 / NOVEMBER, 2010
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sarcoidosis-associated PH. The patients in this study
received a variety of agents; however, there was no
consistent treatment protocol. The median survival
was 4.2 years for our patients with PH without LVD.
This is similar to survival reported in patients with idiopathic PH treated with bosentan.34 This 60% 3-year
survival rate is similar to the 74% survival rate reported
by Barnett et al32 in their series of 22 patients with
sarcoidosis-associated PH.
Previous echocardiographic studies of sarcoidosisassociated PH have failed to distinguish between PH
with and without LVD.4,5 Our study found that patients
who had a moderately elevated estimated PAsys of
ⱖ 50 mm Hg had an increased mortality. However,
an echocardiographic estimate of PA pressure was
not available on many of our patients. Therefore, we
did not include the echocardiography results in our
multiregression model.
The retrospective nature of our study leads to several limitations. The time from catheterization was
longer for the PH-without-LVD group than for the
no-PH group. However, the median time from catheterization for the no-PH group was . 3 years. We
found that the mortality for the PH-without-LVD group
studied at 2 and 3 years after their catheterizations
was significantly higher than the no-PH group. However, we could not demonstrate a difference in the
survival at these earlier time points between PH/LVD
and the other two groups. We also did not have standard criteria for referral for right-sided heart catheterization and did not follow those who did not have
catheterization. Given the frequency of PH in sarcoidosis, a prospective trial of screening patients for sarcoidosis-associated PH seems warranted. During the
course of the study, new agents to treat pulmonary
arterial hypertension were available, but they were
not consistently applied to these patients.
Our study demonstrated reduced survival for patients
with sarcoidosis with PH without LVD. For patients
with sarcoidosis with PH associated with left ventricular disease, the predicted survival rate fell between
the PH-without-LVD group and the group without PH.
Because of the difference in PVR between the two
groups, it is likely that the reduced survival in patients
with sarcoidosis with PH without LVD is related to
pulmonary vascular disease. This prognostic difference, coupled with the dramatic difference in therapy
for the two forms of PH, highlights the importance
of right-sided heart catheterization when PH is suspected in patients with sarcoidosis.
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