1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Cardiol Clin. Author manuscript; available in PMC 2017 April 14.

Published in final edited form as:
Cardiol Clin. 2016 August ; 34(3): 443-449. doi:10.1016/j.ccl.2016.04.004.

-, HHS Public Access
«

Group 5 Pulmonary Hypertension:
The Orphan’s Orphan Disease

Sara Kalantari, MD2 and Mardi Gomberg-Maitland, MD, MScaP*
aSection of Cardiology, Department of Medicine, University of Chicago Medical Center, 5841
South Maryland Avenue, MC 5403, Chicago, IL 60637, USA

bPulmonary Hypertension Program, Cardiovascular Division, University of Chicago Medical
Center, 5841 South Maryland Avenue, MC 5403, Chicago, IL 60637, USA

Keywords
Pulmonary hypertension; Multifactorial; Chronic thromboembolic pulmonary hypertension

INTRODUCTION

PH is a complex disorder with multiple etiologies; as such, the World Health Organization
classification system divides PH patients into 5 groups based on the underlying cause and
mechanism. This classification system is designed to help organize diagnostic evaluations
and direct treatment. Group 5 PH is an important heterogeneous group of diseases that
encompass PH secondary to multifactorial mechanisms. For many of the diseases, the true
incidence, etiology, and treatment remain uncertain.>2 Increased vascular resistance can
occur secondary to hypoxic vasoconstriction, inflammation, proliferative arteriopathy
shunting, chronic anemia, veno-occlusive disease, left ventricular dysfunction, and valvular
heart disease. This article reviews the epidemiology, pathogenesis, and management of many
of the various group 5 PH disease states.

GROUP 5.1: HEMATOLOGIC DISORDERS

Chronic Myeloproliferative Diseases—Chronic myeloproliferative diseases (CMPDs)
are a heterogeneous group of diseases with different genetic bases. Myeloproliferative
diseases, including polycythemia vera, essential thrombocythemia, and primary
myelofibrosis, have been associated with PH.

Prevalence/etiology: The true prevalence of PH in CMPD using hemodynamic criteria by
RHC is unknown. Small case reports have reported a prevalence of PH (as defined by
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estimated RV systolic pressure =35 using transthoracic echo) in 36% to 48% of cohorts.3#
The etiology of PH in myeloproliferative diseases is multifactorial and has been associated
with chronic thromboembolic PH (CTEPH), vascular remodeling, pulmonary veno-occlusive
disease, tumor microembolism, and drug-induced PH.5 CMPDs, in particular polycythemia
vera and essential thrombocythemia, are characterized by a thrombophilic state, which may
lead to arterial and venous thrombosis.8 CMPD patients treated with the tyrosine kinase
inhibitor dasatinib have also developed PAH.”

Treatment: There is no known effective treatment of PH associated with CMPDs. There is
minimal evidence to support the use of cytoreductive (hydroxyurea and antiplatelet agents)
therapy, which is effective in treating risk of thrombosis and vascular events in CMPD and
may be effective in treating CMPD-PH.58 There are few data to guide the role of pulmonary
vasodilators in patients with CMPD-associated PH.%10 Standard-of-care clinical follow-up,
however, with biomarkers, imaging, and cardiac catheterization should be done if these
therapeutics are used.

Postsplenectomy

Incidence: Splenectomy may be a risk factor for PH.1! After splenectomy, thrombotic and
thromboembolic complications can occur. One retrospective study found a 10% incidence of
pulmonary thromboembolic disease in 150 patients post-splenectomy.1? Splenectomy has
been associated with chronic thromboembolic pulmonary hypertension (CTEPH) as well as
idiopathic PAH.11.13

Etiology: The etiology of thromboembolism postsplenectomy is not well understood.
Splenectomy is associated with thrombocytosis; however, this has not been shown associated
with increased thromboembolic risk.24 There are minimal data on the presence of a
hypercoagulable state postsplenectomy. The loss of the spleen’s filtering function allows
abnormal red cells to remain in the peripheral circulation after splenectomy, which may lead
to facilitation of the coagulation process, which has been demonstrated in vivo.1®

Treatment: Patients who present with PAH postsplenectomy without evidence of CTEPH
may be treated with PAH-specific therapies and follow PAH group 1 guidelines.? If possible,
splenectomy-associated proximal CTEPH should be treated with surgical pulmonary
endarterectomy.16

If pulmonary endarterectomy is not possible due to anatomic distribution of the disease or
comorbidities, then medical treatment consists of anticoagulation and diuretics with
consideration of specific PAH therapy or lung transplantation. Two randomized placebo-
controlled studies, one with bosentan, an endothelin receptor antagonist, and the other with
riociguat, a guanylate cyclase stimulator, with inoperable or persistent CTEPH after
thromboendarterectomy, improved exercise capacity and hemodynamics.17:18

The role for anticoagulation prophylactics to prevent CTEPH after splenectomy is unclear. A
case-based approach evaluating each patient’s risk of thromboembolic disease is likely
warranted. Patients with asplenia in whom PH is suspected should undergo thorough
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assessment for thromboembolic disease with ventilation perfusion scanning and CT
angiography.

Chronic Hemolytic Anemia — Sickle Cell Disease

Incidence: PH associated with chronic hemolytic anemia secondary to hemoglobinopathies
recently moved from group 1 PAH to group 5.1 This switch occurred due to its mixed
etiology PH presentations. Sickle cell anemia results from a genetic mutation leading to the
production of hemoglobin S, which is less soluble when deoxygenated than the normal
hemoglobin molecule, hemoglobin A.19 Deoxygenated hemoglobin S polymerizes and
aggregates, leading to microvascular occlusion and chronic hemolytic anemia. Three recent
studies using RHC data to evaluate the incidence of PH among patients with sickle cell
disease (SCD) found a prevalence of 6% to 10.5% and that the presence of PH was a major
risk factor for death.20-22

Etiology: RHC data has revealed both precapillary PH as well as pulmonary venous
hypertension secondary to left ventricular dysfunction in patients with SCD and PH.20-22
PH has not been associated with the number of vasoocculsive episodes or acute chest
syndrome, only with abnormalities in hemolytic anemia markers. Screening studies of
patients with SCD have shown an association between the degree of hemolysis and the
development of PH.22 Some investigators propose that plasma-free hemoglobin that is
released during hemolysis leads to decreased nitric oxide bioavailability, potentially
mechanistically linking hemolysis with PH.23 The high cardiac output state secondary to
chronic hemolysis and resultant anemia might also lead to an increased pulmonary artery
pressure. Many adult SCD patients have mildly restrictive abnormalities on pulmonary
function testing; however, these abnormalities are rarely severe enough to lead to group 3
PH.24 Among SCD-PH patients, CTEPH has been identified in approximately 5%.25

Treatment: There are few data to guide the management for patients with chronic hemolytic
anemia and PH. A reasonable approach is to attempt to treat the underlying disease to
minimize hemolysis and associated cardiopulmonary conditions. Treatment with PAH
therapies have not been successful. The Walk-PHaSST study (sildenafil therapy for PH and
SCD) was a multicenter National Institutes of Health double-blind placebo-controlled trial
of sildenafil in patients with SCD that was stopped early because of a higher incidence of
serious adverse events in the sildenafil arm. This was primarily caused by increased
hospitalization for vasoocclusive pain crisis with no suggestion of improvement.26 The
ASSET-1 and ASSET-2 studies aimed to assess the efficacy and safety of bosentan therapy
in patients with SCD and PAH; however, the studies were terminated due to lack of overt
efficacy, slow site activation, and withdrawal of sponsor support.2” Although epoprostenol
acutely improves hemodynamics in these patients, there have been no studies of chronic
long-term therapy.28 Despite anecdotal experience of benefit with oral and continuous
infusion in a select group of SCD patients, PAH therapy is not recommended for routine use
in PH-SCD patients.

Chronic Hemolytic Anemia — Thalassemia—Thalassemia is caused by a spectrum of
diseases with reduced or absent production of 1 or more a-globin or $-globin chains,
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GROUP 5.2:

leading to hemolytic anemia and ineffective erythropoiesis. Small studies using
echocardiographically defined PH found a prevalence of 60% in cases with thalassemia
intermedia and 75% in patients with thalassemia major; however, the true prevalence is
unknown. The etiology is unknown but likely multi-factorial with contributions from
hemolysis, hypoxia, hypercoagulability, and high CO.2930 As part of the National Institutes
of Health Thalassemia Clinical Research Network, patients with f-thalassemia and
echocardiographically defined PH received sildenafil. Although no safety concerns arose
and the tricuspid regurgitant jet velocity decreased, there was no statistical significant
improvement in functional class or the 6-minute walk distance test.31 No large-scale
randomized studies have been done, with only cardiac catheterization reports demonstrating
exercise capacity and hemodynamic improvements with PAH therapies.32

SYSTEMIC DISORDERS
Sarcoid-Associated Pulmonary Hypertension

Incidence: The incidence of sarcoidosis and PH has been estimated to be between 5% and
28% but may be as high as 75% in patients awaiting lung transplantation.33:34 In these
studies, the presence of PH was associated with increased morbidity and mortality. The
presence of lung disease, a low diffusing capacity, and hypoxia on 6-minute walk test are
strong risk factors for the presence of PH.3> Symptoms are often nonspecific and may
overlap with symptoms associated with their lung disease leading to underdiagnosis. There
is a high variability in presentation: patients may present with dyspnea, right-sided heart
failure symptoms, syncope, or sudden death.*36

Etiology: The etiology of sarcoid-associated pulmonary hypertension (SAPH) is often
multifactorial. Mechanisms include fibrotic lung involvement leading to the destruction of
the pulmonary vascular bed, extrinsic compression of pulmonary vessels leading to altered
vascular mechanics, intrinsic vasculopathy, vasculitis involving the pulmonary vasculature,
pulmonary veno-occlusion, porto-PH, and left ventricular dysfunction.3” One series of 40
autopsy studies revealed that granulomatous vascular involvement was common in all levels
from large pulmonary arteries to venules. This led to destruction of elastic fibers with
eventual replacement of fibrous tissue in the vessel walls.38 This type of active inflammation
and fibrosis led to occlusive vasculopathy. The granulomatous vascular involvement occurs
heterogeneously but more frequently involves the venules, leading to a phenotype similar to
pulmonary veno-occlusive disease.38

Myocardial granulomatous inflammation and fibrosis involvement can lead to systolic and
diastolic dysfunction as well as mitral valve pathology. Overall survival in patients with
SAPH secondary to left ventricular dysfunction is better than in patients with SAPH
secondary to other causes.39

Treatment: SAPH studies with PAH-specific therapies are not conclusive.#041 One small
case series suggested a favorable hemodynamic response to short-term treatment with
inhaled nitric oxide*® A recent case series of 26 patients with SAPH, of whom 13 received
treatment with long-term IV or subcutaneous prostacyclin therapy, revealed that prostacyclin
therapy was well tolerated with signs of both hemodynamic (RHC: cardiac output and
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GROUP 5.3:

pulmonary vascular resistance) and clinical improvement.#2 Vasodilatory testing is not
recommended to determine if calcium channel blockers will be a successful monotherapy
but may be used to help differentiate the different etiologies for PH (PH groups 1, 2, and 3).4
Because the development of SAPH can be caused by multiple different pathophysiologic
mechanisms, it is likely that the degree of vasoresponsiveness may be related to the
underlying pathology. Those patients with extensive fibrosis and destruction of pulmonary
vessels may be less responsive to vasodilator therapy. More investigational studies are
needed to evaluate vasodilator therapies.

Pulmonary Langerhans Cell Histiocytosis—Pulmonary Hypertension—
Pulmonary Langerhans cell histiocytosis (PLCH) is a rare disease characterized by lung
nodules and cystic lesions that is strongly associated with cigarette smoking. The true
incidence of PH is unknown, but studies suggest that it is common and associated with high
morbidity and mortality.#344 The etiology of PLCH-PH is unknown, but some studies
suggest pulmonary vascular pathology leading to precapillary PH. Up to one-third of
patients have a positive vasodilator response, and a French registry suggested a trend toward
improved survival with PAH therapy; however, there are few data to support specific
treatment of PLCH-PH.43:44

METABOLIC DISORDERS
Thyroid Disease

Incidence: PH patients have a high prevalence of thyroid disease®®46 of approximately
20%.47 One small observational study of 63 patients with PAH found that approximately
half of these patients had concomitant autoimmune thyroid disease.%6 One case report noted
a prevalence of 6.7% of thyroid-stimulating immunoglobulin-negative thyrotoxicosis in
patients with preexisting PAH being treated with epoprostenol.8

Etiology: A common autoimmune process may be the underlying pathology for PH and
associated thyroid disease. Patients with PAH have an increased prevalence of both
antithyroglobulin and antithyroperoxidase antibodies.*6 Left ventricular dysfunction can also
be seen in the setting of thyroid disease and may contribute to the development of PH.4°
Thyroid disease may also have a direct effect on pulmonary vasculature. Possible
mechanisms include enhanced catecholamine sensitivity, increased metabolism of intrinsic
pulmonary vasodilators, and decreased metabolism of vasoconstrictors.*? A high cardiac
output state in the setting of hyperthyroidism may also contribute to the development of PH.

Treatment: The development of thyroid disease can lead to arrhythmias and worsening right
heart failure and requires immediate attention. Case reports support that the treatment of
hyperthyroidism by antithyroid medications, radioactive iodine, surgery or a combination is
associated with decreased pulmonary artery pressure.4” The potential effects of calcium
blockers, endothelin receptor blockers, phosphodiesterase 5 inhibitors, or prostacyclins in
patients with PH and thyroid disease are not known.

Glycogen Storage Disease—Pulmonary Hypertension—Glycogen storage diseases
(GSDs) are characterized by enzymatic deficiencies that lead to defective glycogen synthesis
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GROUP 5.4:

or breakdown leading to abnormal glycogen deposition primarily in muscles and liver. There
are 11 different types of GSD, and PH has primarily been described in GSD type 1 (von
Gierke disease). The incidence of PH in GSD type 1 is unknown, but it is associated with
increased morbidity and mortality and is usually diagnosed in patients in their second or
third decade.50 The etiology of GSD-PH is unknown; however, it has been postulated that
abnormalities in serotonin metabolism may contribute.>? There is no known treatment of
GSD-PH.

Gaucher Disease—Pulmonary Hypertension—Gaucher disease (GD) is the most
common lysosomal storage disease and is a genetic disorder caused by a deficiency of the
enzyme glucocerebrosidase that leads to glucocerebroside accumulation in macrophages and
subsequent organ infiltration. Type 1 GD has been associated with PH and has been
described as occurring in up to 30% of untreated patients using echocardiographically
defined PH. The etiology is unknown but may be secondary to direct pulmonary capillary
infiltration as well as bone marrow microemboli leading to vasculopathy.>! Splenectomy
(described previously) has also been postulated as contributing to the development of PH.52
GD-PH usually improves with enzyme replacement therapy and some severe cases have
been treated with pulmonary vasodilators.>2

OTHER DISORDERS

Group 5.4 (other disorders) encompasses PH caused by chronic renal failure (CRF),
fibrosing mediastinitis, tumor emboli, and mechanical vascular obstruction. Only PH
associated with CRF is discussed.

Chronic Renal Failure on Dialysis

Incidence/etiology: The true incidence of PH CRF on dialysis is not known; however, prior
studies relying on echocardiographically defined PH have reported that PH is common and
associated with increased mortality. The etiology is multifactorial, including pulmonary
venous hypertension secondary to left ventricular dysfunction, hypervolemia, and high-
output secondary to anemia or shunting from an arteriovenous fistula.>® CRF may also have
a direct effect on the pulmonary vasculature due to systemic imbalances in vasoconstrictors
and vasodilators, endothelial dysfunction, and vascular calcification.>3-55

Treatment: The evaluation of PH in patients with CRF on dialysis depends on symptoms
and clinical circumstances. Patients with more than mild PH (pulmonary arterial systolic
pressure >50 mm Hg), with significant RV dysfunction on echocardiography, with systemic
hypotension limiting fluid removal via hemodialysis, and who are considered for kidney
transplantation should undergo RHC to understand etiology and guide treatment.
Management consists of treating left ventricular systolic or diastolic dysfunction, optimizing
fluid balance to achieve euvolemia, iron/erythropoietin supplementation to avoid anemia,
and phosphate binders to limit vascular calcification. Clinical investigation of PAH therapies
in CRF is needed.
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SUMMARY

Group 5 PH consists of a complex group of disorders that are associated with PH. The cause
is often multifactorial and can be secondary to increased precapillary and postcapillary
pressure as well as direct effects on pulmonary vasculature. The true incidence of PH in
these disorders is often unknown; however, studies suggest PH can be common and its
presence is often associated with increased morbidity and mortality. Studies investigating the
treatment of group 5 PH are rare and involve a limited number of patients; thus, management
is guided by small case reports and series. In general, treatment is directed toward treating
the underlying disorder. The etiology of PH should be thoroughly assessed in these patients,
and treatment should be individually tailored to each patient. PAH therapies may have a role
in some specific disease states on a case-by-case basis; however, patients must be carefully
and fully assessed for the cause of their PH because the benefits of PAH therapies remain
unclear and require further investigation.

References

1. Simonneau G, Robbins IM, Beghetti M, et al. Updated clinical classification of pulmonary
hypertension. J Am Coll Cardiol. 2009; 54(1 Suppl):S43-54. [PubMed: 19555858]

2. Hoeper MM, Bogaard HJ, Condliffe R, et al. Definitions and diagnosis of pulmonary hypertension. J
Am Coll Cardiol. 2013; 62(25 Suppl):D42-50. [PubMed: 24355641]

3. Garypidou V, Vakalopoulou S, Dimitriadis D, et al. Incidence of pulmonary hypertension in patients
with chronic myeloproliferative disorders. Haematologica. 2004; 89(2):245-6. [PubMed: 15003906]

4. Galieé N, Humbert M, Vachiery JL, et al. 2015 ESC/ERS guidelines for the diagnosis and treatment
of pulmonary hypertension: the Joint Task Force for the diagnosis and treatment of pulmonary
hypertension of the European Society of Cardiology (ESC) and the European Respiratory Society
(ERS) Endorsed by: Association for European Paediatric and Congenital Cardiology (AEPC),
International Society for Heart and Lung Transplantation (ISHLT). Eur Heart J. 2015; 46(4):903—
75.

5. Adir Y, Elia D, Harari S. Pulmonary hypertension in patients with chronic myeloproliferative
disorders. Eur Respir Rev. 2015; 24(137):400-10. [PubMed: 26324801]

6. Landolfi R, Di Gennaro L, Falanga A. Thrombosis in myeloproliferative disorders: pathogenetic
facts and speculation. Leukemia. 2008; 22(11):2020-8. [PubMed: 18800144]

7. Orlandi EM, Rocca B, Pazzano AS, et al. Reversible pulmonary arterial hypertension likely related
to long-term, low-dose dasatinib treatment for chronic myeloid leukaemia. Leuk Res. 2012;
36(1):e4-6. [PubMed: 21890201]
8. Cortelazzo S, Finazzi G, Ruggeri M, et al. Hydroxyurea for patients with essential thrombocythemia
and a high risk of thrombosis. N Engl J Med. 1995; 332(17):1132-6. [PubMed: 7700286]
9. Tabarroki A, Lindner DJ, Visconte V, et al. Ruxolitinib leads to improvement of pulmonary
hypertension in patients with myelofibrosis. Leukemia. 2014; 28(7):1486-93. [PubMed: 24406841]
10. Low AT, Howard L, Harrison C, et al. Pulmonary arterial hypertension exacerbated by ruxolitinib.
Haematologica. 2015; 100(6):e244-5. [PubMed: 25682609]

11. Jais X, loos V, Jardim C, et al. Splenectomy and chronic thromboembolic pulmonary hypertension.
Thorax. 2005; 60(12):1031-4. [PubMed: 16085731]

12. Coltheart G, Little JM. Splenectomy: a review of morbidity. Aust N Z J Surg. 1976; 46(1):32-6.
[PubMed: 1064399]

13. Bonderman D, Wilkens H, Wakounig S, et al. Risk factors for chronic thromboembolic pulmonary
hypertension. Eur Respir J. 2009; 33(2):325-31. [PubMed: 18799507]

14. Mohren M, Markmann I, Dworschak U, et al. Thromboembolic complications after splenectomy
for hematologic diseases. Am J Hematol. 2004; 76(2):143-7. [PubMed: 15164380]

Cardiol Clin. Author manuscript; available in PMC 2017 April 14.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kalantari and Gomberg-Maitland Page 8

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Atichartakarn V, Angchaisuksiri P, Aryurachai K, et al. Relationship between hypercoagulable state
and erythrocyte phosphatidylserine exposure in splenectomized haemoglobin E/beta-thalassaemic
patients. Br J Haematol. 2002; 118(3):893-8. [PubMed: 12181063]

Piazza G, Goldhaber SZ. Chronic thromboembolic pulmonary hypertension. N Engl J Med. 2011,
364(4):351-60. [PubMed: 21268727]

Jais X, D’Armini AM, Jansa P, et al. Bosentan for treatment of inoperable chronic thromboembolic
pulmonary hypertension: BENEFIT (Bosentan Effects in iNopErable Forms of chronlc
Thromboembolic pulmonary hypertension), a randomized, placebo-controlled trial. J Am Coll
Cardiol. 2008; 52(25):2127-34. [PubMed: 19095129]

Ghofrani HA, D’Armini AM, Grimminger F, et al. Riociguat for the treatment of chronic
thromboembolic pulmonary hypertension. N Engl J Med. 2013; 369(4):319-29. [PubMed:
23883377]

Bunn HF. Pathogenesis and treatment of sickle cell disease. N Engl J Med. 1997; 337(11):762-9.
[PubMed: 9287233]

Fonseca GH, Souza R, Salemi VM, et al. Pulmonary hypertension diagnosed by right heart
catheterisation in sickle cell disease. Eur Respir J. 2012; 39(1):112-8. [PubMed: 21778170]
Parent F, Bachir D, Inamo J, et al. A hemodynamic study of pulmonary hypertension in sickle cell
disease. N Engl J Med. 2011; 365(1):44-53. [PubMed: 21732836]

Mehari A, Gladwin MT, Tian X, et al. Mortality in adults with sickle cell disease and pulmonary
hypertension. JAMA. 2012; 307(12):1254-6.

Reiter CD, Wang X, Tanus-Santos JE, et al. Cell-free hemoglobin limits nitric oxide bioavailability
in sickle-cell disease. Nat Med. 2002; 8(12):1383-9. [PubMed: 12426562]

Machado RF, Farber HW. Pulmonary hypertension associated with chronic hemolytic anemia and
other blood disorders. Clin Chest Med. 2013; 34(4):739-52. [PubMed: 24267302]

Anthi A, Machado RF, Jison ML, et al. Hemodynamic and functional assessment of patients with
sickle cell disease and pulmonary hypertension. Am J Respir Crit Care Med. 2007; 175(12):1272—
9. [PubMed: 17379852]

Machado RF, Barst RJ, Yovetich NA, et al. Hospitalization for pain in patients with sickle cell
disease treated with sildenafil for elevated TRV and low exercise capacity. Blood. 2011; 118(4):
855-64. [PubMed: 21527519]

Barst RJ, Mubarak KK, Machado RF, et al. Exercise capacity and haemodynamics in patients with
sickle cell disease with pulmonary hypertension treated with bosentan: results of the ASSET
studies. Br J Haematol. 2010; 149(3):426-35. [PubMed: 20175775]

Castro O, Hoque M, Brown BD. Pulmonary hypertension in sickle cell disease: cardiac
catheterization results and survival. Blood. 2003; 101(4):1257-61. [PubMed: 12393669]
Aessopos A, Farmakis D. Pulmonary hypertension in beta-thalassemia. Ann N 'Y Acad Sci. 2005;
1054:342-9. [PubMed: 16339682]

Atichartakarn V, Chuncharunee S, Chandanamattha P, et al. Correction of hypercoagulability and
amelioration of pulmonary arterial hypertension by chronic blood transfusion in an asplenic
hemoglobin E/beta-thalassemia patient. Blood. 2004; 103(7):2844—6. [PubMed: 14645000]
Morris CR, Kim HY, Wood J, et al. Sildenafil therapy in thalassemia patients with Doppler-defined
risk of pulmonary hypertension. Haematologica. 2013; 98(9):1359-67. [PubMed: 23585527]
Anthi A, Tsangaris I, Hamodraka ES, et al. Treatment with bosentan in a patient with thalassemia
intermedia and pulmonary arterial hypertension. Blood. 2012; 120(7):1531-2. [PubMed:
22899478]

Handa T, Nagai S, Miki S, et al. Incidence of pulmonary hypertension and its clinical relevance in
patients with sarcoidosis. Chest. 2006; 129(5):1246-52. [PubMed: 16685015]

Shorr AF, Davies DB, Nathan SD. Predicting mortality in patients with sarcoidosis awaiting lung
transplantation. Chest. 2003; 124(3):922-8. [PubMed: 12970018]

Bourbonnais JM, Samavati L. Clinical predictors of pulmonary hypertension in sarcoidosis. Eur
Respir J. 2008; 32(2):296-302. [PubMed: 18385166]

Barst RJ, McGoon M, Torbicki A, et al. Diagnosis and differential assessment of pulmonary
arterial hypertension. J Am Coll Cardiol. 2004; 43(12 Suppl S):40S-7S. [PubMed: 15194177]

Cardiol Clin. Author manuscript; available in PMC 2017 April 14.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kalantari and Gomberg-Maitland Page 9

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Corte TJ, Wells AU, Nicholson AG, et al. Pulmonary hypertension in sarcoidosis: a review.
Respirology. 2011; 16(1):69-77. [PubMed: 20920145]

Takemura T, Matsui Y, Saiki S, et al. Pulmonary vascular involvement in sarcoidosis: a report of 40
autopsy cases. Hum Pathol. 1992; 23(11):1216-23. [PubMed: 1427751]

Nunes H, Freynet O, Naggara N, et al. Cardiac sarcoidosis. Semin Respir Crit Care Med. 2010;
31(4):428-41. [PubMed: 20665393]

Preston IR, Klinger JR, Landzberg MJ, et al. Vasoresponsiveness of sarcoidosis-associated
pulmonary hypertension. Chest. 2001; 120(3):866—72. [PubMed: 11555522]

Milman N, Svendsen CB, Iversen M, et al. Sarcoidosis-associated pulmonary hypertension: acute
vasoresponsiveness to inhaled nitric oxide and the relation to long-term effect of sildenafil. Clin
Respir J. 2009; 3(4):207-13. [PubMed: 20298406]

Bonham CA, Oldham JM, Gomberg-Maitland M, et al. Therapy in sarcoidosis-associated
pulmonary hypertension: a retrospective case series. Chest. 2015; 148(4):1055-62. [PubMed:
26437815]

Le Pavec J, Lorillon G, Jais X, et al. Pulmonary Langerhans cell histiocytosis-associated
pulmonary hypertension: clinical characteristics and impact of pulmonary arterial hypertension
therapies. Chest. 2012; 142(5):1150-7. [PubMed: 22459770]

Fartoukh M, Humbert M, Capron F, et al. Severe pulmonary hypertension in histiocytosis X. Am J
Respir Crit Care Med. 2000; 161(1):216-23. [PubMed: 10619823]

Li JH, Safford RE, Aduen JF, et al. Pulmonary hypertension and thyroid disease. Chest. 2007;
132(3):793-7. [PubMed: 17646226]

Chu JW, Kao PN, Faul JL, et al. High prevalence of autoimmune thyroid disease in pulmonary
arterial hypertension. Chest. 2002; 122(5):1668—-73. [PubMed: 12426269]

Vallabhajosula S, Radhi S, Cevik C, et al. Hyperthyroidism and pulmonary hypertension: an
important association. Am J Med Sci. 2011; 342(6):507-12. [PubMed: 22112709]

Chadha C, Pritzker M, Mariash CN. Effect of epoprostenol on the thyroid gland: enlargement and
secretion of thyroid hormone. Endocr Pract. 2009; 15(2):116-21. [PubMed: 19289321]

Marvisi M, Balzarini L, Mancini C, et al. Thyroid gland and pulmonary hypertension. What’s the
link? Panminerva Med. 2013; 55(1):93-7. [PubMed: 23474667]

Humbert M, Labrune P, Simonneau G. Severe pulmonary arterial hypertension in type 1 glycogen
storage disease. Eur J Pediatr. 2002; 161(Suppl 1):S93-6. [PubMed: 12373580]

Smith RL, Hutchins GM, Sack GH, et al. Unusual cardiac, renal and pulmonary involvement in
Gaucher’s disease. Intersitial glucocerebroside accumulation, pulmonary hypertension and fatal
bone marrow embolization. Am J Med. 1978; 65(2):352-60. [PubMed: 686020]

Mistry PK, Sirrs S, Chan A, et al. Pulmonary hypertension in type 1 Gaucher’s disease: genetic and
epigenetic determinants of phenotype and response to therapy. Mol Genet Metab. 2002; 77(1-2):
91-8. [PubMed: 12359135]

Sise ME, Courtwright AM, Channick RN. Pulmonary hypertension in patients with chronic and
end-stage kidney disease. Kidney Int. 2013; 84(4):682-92. [PubMed: 23739239]

Abdelwhab S, Elshinnawy S. Pulmonary hypertension in chronic renal failure patients. Am J
Nephrol. 2008; 28(6):990-7. [PubMed: 18635926]

Dhaun N, Goddard J, Webb DJ. The endothelin system and its antagonism in chronic kidney
disease. J Am Soc Nephrol. 2006; 17(4):943-55. [PubMed: 16540557]

Cardiol Clin. Author manuscript; available in PMC 2017 April 14.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Kalantari and Gomberg-Maitland Page 10

KEY POINTS

. Group 5 pulmonary hypertension (PH) contains a variety of diseases that can
be subcategorized into hematologic disorders, systemic disorders, and
metabolic disorders.

. The true prevalence of PH defined using the gold standard of right heart
catheterization (RHC) is unknown in most of these disorders and the cause is
multifactorial.

. Evidence-based pathogenesis and management are mostly guided by case
reports or small case series. In general, treatment of group 5 PH is directed
toward treating the underlying condition, with consideration of pulmonary
arterial hypertension (PAH) therapies based on clinical characteristics on a
case-by-case basis.
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