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Abstract
Pulmonary hypertension is a well-recognized and a serious complication of sarcoidosis. The exact
prevalance is unknown due to the different measurement techniques and diagnostic modalities used
with distinct criteria for patient selection but may occur in up to 74% of the sarcoidosis patients.
The frequency usually depends on the severity of parenchymal involvement while pulmonary
hypertension may also occur in the early stages of the disease. Pulmonary hypertension causes a
substantial morbidity and adversely affects the survival causing a major impact on the sarcoidosis
patients leading to major functional and prognostic consequences. In advanced disease it appears
to be a crucial and a major factor for patient death causing up to ten fold increase in mortality.
Therefore, screening, diagnosis and treatment of pulmonary hypertension in sarcoidosis carries the
upmost importance. Lack of current treatment guidelines for sarcoidosis associated pulmonary
hypertension leaves the clinician to design an individual treatment protocole for each patient consistng
of imunosuppressive and pulmonary hypertension targeted agents. Pulmonary hypertension
targeted therapy may improve short-term pulmonary hemodynamics without enhancing exercise
capacity while steroids or immunosuppressive therapy may improve hemodynamics in selected
patients. This review incorporates the risk factors, pathogenesis, clinical manifestations, diagnosis,
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treatment and prognostic sequela of sarcoidosis associated pulmonary hypertension in regard
to current literature. We have also analyzed the clinical charactersitics of the patients, pitfalls in
diagnosis and the potential treatment options. Although the prognosis is dreadful, treatment may
alleviate patient symptoms, improve quality of life and prolong life expectancy in these patients.

Introduction
The natural history of sarcoidosis is extremely variable from spontaneous remission to pulmonary fibrosis with
ongoing remissions and exacerbations. In approximately 5% of the patients, perpetual pulmonary fibrosis
occurs. As in all forms of advanced parenchymal lung disease, the prevalence and impact of pulmonary
hypertension tend to be greater in the later stages of sarcoidosis. However, sarcoidosis associated pulmonary
hypertension (SPH) may arise in the early stages of disease. Patients with chronic fibrotic pulmonary
sarcoidosis have an increased mortality risk while pulmonary hypertension may arise as a major cause of
death in patients with advanced disease [1,2]. SPH is known as a complication of advanced disease for years
and has been widely investigated in the past ten years due to its major impact on the prognostic outcome of
sarcoidosis patients [3,4]. Pathogenesis of SPH is complex and associated with multiple factors. Pulmonary
hypertension associated with other fibrotic lung diseases may be mild as opposed to many cases of SPH. The
exact incidence of SPH is unknown. The wide availability and common use of echocardiography has led to
an increased diagnostic yield of this complication. In this review, pathogenesis, risk factors, clinical findings
and diagnosis of SPH are discussed with the current treatment options.

Patophysiology and Epidemiology of SPH
Pulmonary hypertension is a well-known sequela of sarcoidosis that may occur in up to 74% of the patients
[5,6]. The exact incidence of SPH is unknown due to the different measurement techniques and the patient
selection criteria. The incidence varies between centers. Approximately 5-6% of sarcoidosis patients have
pulmonary hypertension identified by echocardiography or right heart catheterization [7]. SPH is identified
in nearly half of the patients with dyspnea out of proportion to their pulmonary function abnormalities [8].
The prevalence of SPH is between 1% and 28% at rest while rises up to 43% with exercise [7,9,10]. Althoug
SPH is more common in patients advanced pulmonary sarcoidosis in 40 to 60% there is no radiologic evidence of advanced lung disease or pulmonary fibrosis while SPH may be more astringent when it develops
without pulmonary fibrosis [9,11]. This finding suggests that there are other mechanisms other than advanced pulmonary parenchymal disease accomodating with the development of pulmonary hypertension.
Clinicians should note that pulmonary fibrosis is one the of most crucial factors leading to pulmonary hypertension in sarcoidosis patients by causing fibrotic obliteration of the pulmonary vascular bed.
Extrinsic mechanical compression of pulmonary arteries due to enlarged lymph nodes may lead to pulmonary hypertension which is the pathologic mechanism in approximately one fifth of the patients with stage
IV disease [2,12]. Pulmonary arteritis that may be responsive to antiinflammatory treatment is another
responsible factor pulmonary hypertension of sarcoidosis. Venoocclusive disease may also lead to pulmonary
hypertension in sarcoidosis which may be more common than clinically detected [11,12]. Hypoxia associated pulmonary vasoconstriction, left ventricular systolic or diastolic failure and cytokine derangement may
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play a role in SPH [13,14]. Endothelin-1 produced mainly by endothelial cells and induced by hypoxia,
shear stress and various growth factors acts directly on smooth muscle cells leading to vasoconstriction. This
mediator may also play a role for vascular remodelling in sarcoidosis [15]. The above mentioned mechanisms
lead to hypertension alone or in combination. Causes of pulmonay hypertension in sarcoidosis are depicted
in Table 1 [2,5,6]. Identification of the liable mechanism may culminate in better treatment results.
Table 1: Causes of sarcoidosis associated pulmonary hypertension (2,5,6)
Fibrosis of the vascular bed
Granulomatous inflammation of the arteries
Vascular compression due to adenopathy
Hypoxic pulmonary vazoconstriction
Pulmonary venoocclusive disease
Sarcoidosis associated cirrhosis and portopulmonary hypertension

Clinical Findings and Diagnosis of SPH
Diagnosis of pulmonary hypertension in sarcoidosis patients is often late in the course of the disease because
it is perplexed by the symptoms of underlying sarcoidosis [15]. Dyspnea, cough, decreased exercise tolerance and fatigue are frequently encountered in both situations. The most common symptom is worsening
of dyspnea on exertion which is usually attributed to underlying sarcoidosis associated parenchymal disease.
There may be other symptoms such as extremity edema, dizziness, syncope, palpitations and chest pain that
are assigned to other common diseases. The clinical signs of right heart failure are not reliable as they have
a low sensitivity and are present in only 21% of the patients [9]. A high index of suspicion is required for
the identification of SPH. BNP and NT-proBNP levels are elevated in pulmonary hypertension. They may
be useful for diagnosis and predicting the prognostic outcome. Fibrin, D-dimer, Troponin-T, uric acid and
exhaled NO levels may be other crucial diagnostic markers.
The first clue to diagnosis is the unexplained dyspnea. Clinicians should also bear in mind that dyspnea of
SPH may not correlate with pulmonary function tests or the radiologic stage of sarcoidosis [16]. The 6MW
test is a useful screening test for pulmonary hypertension and the 6MW distance is less than 450 meters in
most of the SPH patients [17-20]. However, it should be noted that there are other factors associated with
sarcoidosis such as fatigue, airway disease and muscle involvement leading to decreased 6MW distance.
Factors associated with pulmonary hypertension in sarcoidosis is shown in Table 2 [2,6,9]. The next test for
for pulmonary hypertension is echocardiography. It is a non-invasive method and the measured pulmonary
artery systolic pressure shows a good correlation with that of estimated by right heart catheterization [2,8].
Computed tomography demonstrates the size of the pulmonary artery and may be useful for diagnosis by
revealing enlargement of the artery. Pulmonary angiography is the most accurate and definitive method for
the diagnosis of pulmonary hypertension. Pulmonary angiography also differentiates between arterial and
venous pulmonary hypertension. In the absence of lung disease, transthoracic echocardiogram appears to
be the most reliable non-invasive screening test for pulmonary hypertension. On the other hand, low FVC,
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TLC and DLCO may be useful to support the diagnosis of SPH while the correlation between pulmonary
hypertention and lung function tests is poor.
Table 2: Factors associated with pulmonary hypertension in sarcoidosis (2,6,9)
Dyspnea
Fatigue
Advanced parenchymal disease
Reduced TLC and DLCO
Hypoxemia
Desaturation with 6MW
Less than normal 6MW distance

Treatment and Prognosis
The ideal treatment for SPH is still controversial due to the limited data in different patient profiles. Current
data available on the long term influence and benefit of pulmonary hypertension targeted medications in
SPH is scarce. Most of the studies consist of retrospective case series with only three prospective studies [2123]. The first step in treatment is the search for risk factors and comorbid diseases. Heart failure, thromboembolic disease, muscle involvement of sarcoidosis, obstructive sleep apnea, resting, exertional and nocturnal
hypoxemia requires conventional treatment. On the other hand, the use of currently available pulmonary
vasodilators is debatable due to the lack of studies that indicate their effect in SPH patients. There are no
prospective therapeutic trials in patients with SPH. Indeed, these patients have specifically been excluded
from trials in patients with pulmonary arterial hypertension (PAH, WHO group 1) while there have been
a number of case series attesting to the potential utility of medications for SPH patients. In patients with
significant parenchymal lung disease, there is the theoretical possibility of worsening of hypoxemia due to
the ventilation perfusion mismatch that necessitates meticulous use of pulmonary vasodilator agents. The
currently available treatment protocole includes the endothelin, nitric oxide and the prostacyclin pathways
while which of these mechanisms play a more dominant role in SPH is unknown [24]. Steroids should be
considered in patients with active disease and in cases with bulky lymphadenopathy where compression of
the central vessels is a feature since none of the studies with stage IV patients revealed a significant hemodynamic response to corticosteroids [10,24].
High levels of endothelin-1 in SPH is the fundamental indication for the use of endothelin receptor antagonists in these cases. Experience with these agents is limited to a few case series. Baughman has revealed
a decrease of 15mm Hg in the mPAP after 4 months of treatment [8,24]. Barnett has shown improvement
in the mPAP, pulmonary vascular resistance and 6MWT in patients with limited fibrosis but the 3 year
survival prognosis was poor [25]. Bosentan has been proved to be useful in this patient population [19,26].
Nitric oxide is a potent vasodilator with a short half-life that is delivered by inhalation. Although nitric oxide produces reduction in mPAP and RVR with an increase in cardiax index there is no significant change
in the 6MMW distance. The role of phosphodiesterase inhibitors should be determined by further studies
[21,24,25]. The prostanoid analogues are potent vasodilators that also inhibit platelet agregation. They are
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administered intravenously, subcutaneously or via the inhaled route [25]. Data about epoprostenol use in
SPH is very limited but the agent may cause more than 20% decrease in the PVR (21). Treatment options
for sarcoidosis associated pulmonary hypertension are depicted in Table 3 [26-29].
Table 3: Treatment of sarcoidosis associated pulmonary hypertension (26-29)
Class/Agent

Result
Prostacyclin
Epoprostenol
Clinical improvement
Inhaled iloprost
Improved hemodynamics
Endothelin receptor antagonist
Bosentan
Improved hemodynamics
Ambrisentan
Improvement in HRQoL
Phosphodiesterase inhibitor
Sildenafil
Improvement in hemodynamics but not 6MW distance
Endovascular procedures with angioplasty and stent placement may be other treatment options in patients
with extrinsic compression of the pulmonary arteries. These treatment methods carry a high mortality and
should be used only in selected patients. Lung transplantation may be considered in patients unresponsive to
conventional treatment strategies. Several factors are to be noted for reduced survival in SPH patients (Table
4). Patients with a high PVR, a PA systolic pressure higher than 50mm Hg, a low FVC and a low DLCO
are associated with high mortality and a worse prognosis [30].
Table 4: Factors associated with reduced survival in sarocidosis associated pulmonary hypertension (2,13,17)
Low FVC
Reduced DLCO
Highr PVR
Low ejection fraction
Higher than 50 mm Hg PA systolic pressure
Advanced fibrosis
Low PAPSE score

Conclusions
SPH is a significant diagnostic and a therapeutic challenge for the pulmonary clinician. The pathogenesis is
complex involving mechanisms other than parenchymal fibrosis and hypoxemia. SPH leads to a decreased
survival which is the primary target of treatment. Patients also present with life disturbing symptoms like
dyspnea that interferes with the quality of life. It is mandatory to define a therapeutic approach for the
individual patient phenotype who will respond and least likely detoriate from treatment. Each patient should
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be closely monitored and followed objectively preforming 6 MWT and echocardiogram at three months
apart on outpatient basis. The treatment should be discontinued in the absence of improvement or in the
presence of significant drug side effects. Pulmonary vasodilators may increase quality of life, decrease
symptoms and improve exercise tolerance in some patients. Further studies with larger populations are
required to determine whether the vasodilator treatment will change the prognostic outcome and the natural
disease course in the SPH patients.

Bibliography
1. Nardi, A., Brillet, P. Y., Letoumelin, P. et al. (2011). Stage IV sarcoidosis: comparison of survival with the
general population and causes of death. Eur Respir J., 38(6), 1368-1373.
2. Baughman, R. P., Engel, P. J. & Nathan, S. (2015). Pulmonary Hypertension in Sarcoidosis. Baughman
RP; Culver AD (eds). Sarcoidosis. Clin Chest Med., 36(4), 703-714.
3. Rizzato, G., Pezzano, A., Sala, G., et al. (1983). Right heart impairment in sarcoidosis: hemodynamic and
echocardiographic study. Eur J Respir Dis., 64(2), 121-128.
4. Palmero, V. & Sulica, R. (2010). Sarcoidosis-associated pulmonary hypertension: assessment and
management. Semin Respir Crit Care Med., 31(4), 494-500.
5. Shigemitsu, H., Nagai, S. & Sharma, O. P. (2007). Pulmonary hypertension and granulomatous vasculitis
in sarcoidosis. Curr Opin Pulm Med., 13(5), 434-438.
6. Shorr, A. F., Helman, D. L., Davies, D. B. & Nathan, S. D. (2005). Pulmonary hypertension in advanced
sarcoidosis: epidemiology and clinical characteristics. Eur Respir J., 25(5), 783-788.
7. Handa, T., Nagai, S., Miki, S., et al. (2006). Incidence of pulmonary hypertension and its clinical relevance
in patients with sarcoidosis. Chest, 129(5), 1246-1252.
8. Baughman, R. P., Engel, P. J., Meyer, C. A., et al. (2006). Pulmonary hypertension in sarcoidosis. Sarcoidosis
Vasc Diffuse Lung Dis., 23(2), 108-116.
9. Sulica, R., Teirstein, A. S., Kakarla, S., et al. (2005). Distinctive clinical, radiographic, and functional
characteristics of patients with sarcoidosis-related pulmonary hypertension. Chest, 128(3), 1483-1489.
10. Gluskowski, J., Hawrylkiewicz, I., Zych, D., et al. (2006). Pulmonary hemodynamics at rest and during
exercise in patients with sarcoidosis. Respiration, 46(1), 26-32.
11. Nunes, H., Humbert, M., Capron, F., et al. (2006). Pulmonary hypertension associated with sarcoidosis:
mechanisms, hemodynamics and prognosis. Thorax, 61(1), 68-74.
12. Takemura, T., Matsui, Y., Salki, S., et al. (1992). Pulmonary vascular involvement in sarcoidosis: a report
of 40 autopsy cases. Hum Pathol., 23(11), 1216-1223.
Cuneyt Tetikkurt (2019). Pathogenesis, Clinical Manifestations and Treatment of Sarcoidosis Associated
Pulmonary Hypertension. CPQ Cardiology, 1(1), 01-08.

Cuneyt Tetikkurt, CPQ Cardiology (2019) 1:1

Page 7 of 8

13. Baughman, R. P., Engel, P. J., Taylor, L. & Lower, E. E. (2010). Survival in sarcoidosis-associated
pulmonary hypertension: the importance of hemodynamic evaluation. Chest, 138(5), 1078-1085.
14. Angomachalelis, N., Hourzamanis, A., Vamvalis, C. & Gavrielides, A. (1992). Doppler echocardiographic
evaluation of left ventricular diastolic function in patients with systemic sarcoidosis. Postgrad Med J., 68
Suppl 1, S52-6.
15. Diaz-Guzman, E., Farver, C., Parambil, J. & Culver, D. (2008). Pulmonary hypertension caused by
sarcoidosis. Clin Chest Med., 29(3), 549-563.
16. Yeager, H., Rossman, M. D., Baughman, R. P., et al. (2005). Pulmonary and psychosocial findings at
enrollment in the ACCESS study. Sarcoidosis Vasc Diffuse Lung Dis., 22(2), 147-153.
17. Bourbonnais, J. M. & Samavati, L. (2008). Clinical predictors of pulmonary hypertension in sarcoidosis.
Eur Respir J., 32(2), 296-302.
18. Baughman, R. P., Shlobin, O. A., Wells, A. U., et al. (2018). Clinical features of sarcoidosis associated
pulmonary hypertension: results of a multi-national registry. Respir Med., 139, 72-78.
19. Baughman, R. P., Culver, D. A., Cordova, F. C., et al. (2014). Bosentan for sarcoidosis-associated
pulmonary hypertension: a double-blind placebo controlled randomized trial. Chest, 145(4), 810-817.
20. Baughman, R. P., Sparkman, B. K. & Lower, E. E. (2007). Six-minute walk test and health status
assessment in sarcoidosis. Chest, 132(1), 207-213.
21. Baughman, R. P., Judson, M. A., Lower, E. E., et al. (2009). Inhaled iloprost for sarcoidosis associated
pulmonary hypertension. Sarcoidosis Vasc Diffuse Lung Dis., 26(2), 110-120.
22. Judson, M. A., Highland, K. B., Kwon, S., et al. (2011). Ambrisentan for sarcoidosis associated pulmonary
hypertension. Sarcoidosis Vasc Diffuse Lung Dis., 28(2), 139-145.
23. Ford, H. J., Baughman, R. P., Aris, R., et al. (2016). Tadalafil therapy for sarcoidosis-associated pulmonary
hypertension. Pulm Circ., 6(4), 557-562.
24. Shlobin, A. O. & Nathan, S. D. (2014). Sarcoidosis-Associated Pulmonary Hypertension. Judson MA
(ed). Humana Press. New York., (pp. 111-128).
25. Barnett, C. F., Bonura, E. J., Nathan, S. D., et al. (2009). Treatment of sarcoidosis-associated pulmonary
hypertension. A two-center experience. Chest, 135(6), 1455-1461.
26. Keir, G. J., Walsh, S. L., Gatzoulis, M. A., et al. (2014). Treatment of sarcoidosis-associated pulmonary
hypertension: A single centre retrospective experience using targeted therapies. Sarcoidosis Vasc Diffuse Lung
Dis., 31(2), 82-90.
Cuneyt Tetikkurt (2019). Pathogenesis, Clinical Manifestations and Treatment of Sarcoidosis Associated
Pulmonary Hypertension. CPQ Cardiology, 1(1), 01-08.

Cuneyt Tetikkurt, CPQ Cardiology (2019) 1:1

Page 8 of 8

27. Zappala, C. J., Desai, S. R., Copley, S. J., et al. (2014). Accuracy of individual variables in the monitoring
of long-term change in pulmonary sarcoidosis as judged by serial high-resolution CT scan data. Chest,
145(1), 101-107.
28. Milman, N., Burton, C. M., Iversen, M., et al. (2008). Pulmonary hypertension in end-stage pulmonary
sarcoidosis: therapeutic effect of sildenafil? J Heart Lung Transplant., 27(3), 329-334.
29. Nunes, H., Uzunhan, Y., Didier, M., et al. (2019). Pulmonary Hypertension Associated With Sarcoidosis.
Baughman PR, Valeyre D (eds). Sarcoidosis. Elsevier, St Louis., 285-303.
30. Fisher, K. A., Serlin, D. M., Wilson, K. C., et al. (2006). Sarcoidosis-associated pulmonary hypertension:
outcome with long-term epoprostenol treatment. Chest, 130(5), 1481-1488.

Cuneyt Tetikkurt (2019). Pathogenesis, Clinical Manifestations and Treatment of Sarcoidosis Associated
Pulmonary Hypertension. CPQ Cardiology, 1(1), 01-08.

