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  Pref ace   

 Sarcoidosis is a disease with world-wide prevalence that affects all races, ethnic 
groups, individuals of all ages, and both sexes. The disease may affect any organ. Its 
severity may range from a radiographic or laboratory abnormality detected in a patient 
with no symptoms to a relentlessly progressive disease that is potentially life threaten-
ing. Despite the awareness of sarcoidosis as a specifi c disease entity for nearly one 
and one-half centuries, there is still no standard method of diagnosis, treatment 
approach, method of follow-up evaluation, or method to reliably predict prognosis. 

 Because sarcoidosis is a relatively rare disease, few clinicians have extensive 
clinical experience in its management. Furthermore, medical evidence concerning 
the clinical approach to sarcoidosis is scarce. Therefore, clinicians typically lack the 
necessary tools to make reliable treatment decisions concerning sarcoidosis patients. 

 The lung is the most common organ involved with sarcoidosis. Pulmonary mani-
festations of sarcoidosis include asymptomatic radiographic abnormalities, granu-
lomatous infl ammation of airways, and/or the lung interstitium causing pulmonary 
symptoms and fi brocystic disease that may result in severe pulmonary dysfunction 
and pulmonary hypertension. 

 This book will serve as a valuable resource for clinicians concerning the care of 
the pulmonary sarcoidosis patient. The focus of this book concerns issues of diag-
nosis, management, and prognosis of the disease. The authors are all clinicians with 
extensive experience in caring for these patients. Although they drew on their own 
expertise, the authors were encouraged to focus on the clinical data that are avail-
able. I hope that this book will serve as a practical guide for clinicians and thus 
improve the care of sarcoidosis patients.  

    Albany ,  NY, USA             Marc     A.     Judson, M.D.      
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    Abstract     The diagnosis of sarcoidosis is never completely secure. The diagnosis 
can, rarely, be made on clinical grounds without biopsy confi rmation if the clinical 
presentation is very specifi c for the disease. Otherwise, histological confi rmation of 
granulomatous infl ammation is required. However, identifi cation of granulomatous 
infl ammation is inadequate to make the diagnosis of sarcoidosis as this histological 
pattern is associated with many alternative diseases. Therefore, a diligent effort 
must be undertaken to exclude such diseases. This effort includes obtaining a 
detailed medical history as well as careful examination of the biopsied material. 
Because sarcoidosis is a multisystem granulomatous disease of unknown cause, 
additional efforts must be made to identify involvement in at least two organs to 
confi rm the diagnosis. This chapter outlines the approach and potential pitfalls in 
establishing a diagnosis of sarcoidosis.  

  Keywords     Sarcoidosis   •   Diagnosis   •   Etiology   •   Biopsy   •   Pathology  

        Introduction 

 Despite the claim that the method of diagnosis of sarcoidosis has been established 
[ 1 ], the reality is that the diagnosis is never completely secure. Certain clinical fea-
tures are typical of sarcoidosis, but none of them are specifi c for the diagnosis. 
Sarcoidosis remains a diagnosis of exclusion, and it is impossible to exclude alter-
native diagnoses with complete confi dence. This chapter reviews the diagnostic 
approach and potential pitfalls in establishing a diagnosis of sarcoidosis.  

    Chapter 1   
 The Diagnosis of Sarcoidosis 

             Marc     A.     Judson     

        M.  A.   Judson ,  M.D.      (*) 
  Division of Pulmonary and Critical Care Medicine, Department of Medicine ,  Albany Medical 
College,    Albany ,  NY ,  USA   
 e-mail: judsonm@mail.amc.edu  
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    Defi nition 

 Sarcoidosis has been defi ned as multisystem granulomatous disorder of unknown 
cause [ 1 ]. With rare exceptions (vide infra), clinicoradiologic fi ndings without his-
tologic evidence of granulomatous infl ammation are inadequate to render a diagno-
sis of sarcoidosis. Histologic evidence of granulomatous infl ammation is also 
inadequate for the diagnosis of sarcoidosis because alternative causes of granulo-
matous infl ammation need to be excluded. It is prudent to maintain a healthy degree 
of skepticism that an alternative diagnosis has been overlooked [ 2 ]. The fact that the 
disease is “multisystem” implies that there must be evidence of granulomatous 
infl ammation in at least two organs for the diagnosis of sarcoidosis to be secure.  

    Diagnostic Approach 

 Figure  1.1  outlines the approach to the diagnosis to sarcoidosis. This is a multistep 
process that usually involves the collection of clinical information, histological 
examination of tissue for the presence of granulomatous infl ammation, exclusion of 

  Fig. 1.1    The fi gure outlines the diagnostic algorithm for sarcoidosis. See text for details. Adapted 
from [ 2 ], with permission       
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known causes of this granulomatous infl ammation, and documentation that the 
granulomatous infl ammation is present in at least two organs [ 2 ]. This diagnostic 
approach will be discussed in detail in the sections that immediately follow.

      Clinical Data Collection 

 As with most diseases, sarcoidosis can only be considered a potential diagnosis if 
clinical data have been collected that exceed a certain “threshold” such that the 
diagnosis is plausible. Certain clinical fi ndings suggest the diagnosis of sarcoidosis, 
although none of them is pathognomonic    [ 2 ]. This process involves weighing the 
clinical fi ndings that support the diagnosis of sarcoidosis against the clinical fi nd-
ings that tend to refute it. If suffi cient clinical evidence has accumulated suggesting 
that sarcoidosis is a reasonable consideration, a tissue biopsy is usually indicated. 
Table  1.1  outlines clinical fi ndings that are often used to gauge the likelihood of the 
diagnosis of sarcoidosis.

       Demographics 

 Sarcoidosis is rare before adulthood [ 3 ]. The disease usually presents before age 40, 
peaking in those aged 20–29 years old. There is a second smaller peak of increased 
incidence after age 50, especially in women [ 3 ]. The disease is slightly more fre-
quent in women than men at a ratio of less than 2–1 [ 3 ,  4 ]. The disease is more 
prevalent in certain ethnicities such as African Americans and Northern Europeans 
[ 2 – 4 ].  

   Table 1.1    Clinicoradiographic data supporting or weakening the likelihood of sarcoidosis   

 Supports  Weakens 

 Demographics  • US African American 
 • Northern European 

 • Age < 18 years 
 • Age > 50 years in male 

 Medical history  • Nonsmoking 
 • No symptoms (in patients with CXR fi ndings) 
 • Positive family history of sarcoidosis 
 • Symptoms involving ≥2 organs commonly 

involved with sarcoidosis (e.g., lung and eyes) 

 • Exposure to tuberculosis 
 • Exposure to organic bioaerosol 
 • Exposure to beryllium 
 • Intravenous drug abuse 

 Laboratory data  • Elevated SACE, especially if >2× ULN 
 Radiographic 

fi ndings 
 • CXR: bilateral hilar adenopathy 

(especially if without symptoms) 
 • HRCT: disease along the bronchovascular bundle 

   CXR  chest radiograph, SACE serum angiotensin-converting enzyme,  2 ×  ULN  two times the upper limit 
of normal,  HRCT  high resolution computer tomography 
 Adapted from [ 2 ], with permission  
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    Medical History 

 Patients with sarcoidosis often present with no symptoms [ 5 ]. This is especially 
common in white patients [ 6 ]. Therefore, sarcoidosis should be considered in 
asymptomatic patients with hilar adenopathy, mediastinal adenopathy, and/or dif-
fuse parenchymal infi ltrates on lung imaging [ 6 ,  7 ]. A family history should be 
elicited because the prevalence rate of sarcoidosis is much higher in fi rst-degree 
relatives of sarcoidosis patients than in the general population [ 8 ]. A smoking his-
tory should be obtained as sarcoidosis is much more common in nonsmokers [ 9 ]. 
Potential sarcoidosis patients should be questioned about their occupational history, 
as the disease is common in certain occupations including fi refi ghters [ 10 ]. 

 In addition, patients should be questioned concerning potential exposures that 
may cause diseases that may mimic sarcoidosis. Specifi cally, a history of active 
tuberculosis, latent tuberculosis infection, and tuberculosis exposure should be 
obtained. Patients should be questioned concerning time spent in areas where cer-
tain fungi are endemic such as the Ohio River valley where histoplasmosis is com-
mon [ 11 ]. The possibility of beryllium exposure should be explored because chronic 
beryllium disease (CBD) can mimic sarcoidosis radiographically [ 12 ] and histo-
logically [ 13 ,  14 ]. CBD has been misdiagnosed as sarcoidosis in up to 40 % of cases 
[ 2 ,  15 ]. As most patients are unaware of potential exposures to beryllium, it is 
important to ask about work industries where exposure to beryllium is plausible 
including aerospace, nuclear weapons, electronics, jewelry, sporting goods, ceram-
ics, and dental [ 16 ]. Furthermore, minimal beryllium exposure may lead to signifi -
cant disease [ 17 ,  18 ]. Hypersensitivity pneumonitis (HP) is a granulomatous 
pulmonary disease resulting from exposure to bioaerosols that may mimic sarcoid-
osis. A history of exposure to birds and hot tubs should be obtained as these are the 
most two common exposures causing HP in the USA [ 19 ,  20 ].  

    Evidence of Extrapulmonary Involvement 

 Because sarcoidosis is a systemic disease, evidence that a disorder is present in two 
or more organs supports a diagnosis of sarcoidosis [ 2 ]. At presentation, 95 % of 
sarcoidosis patients have clinical evidence of pulmonary involvement, and more 
than 40 % have evidence of involvement in the skin, liver, peripheral lymph node, 
or eye [ 21 ]. Therefore, sarcoidosis should be considered in patients with pulmonary 
disease and a concomitant disorder in one of these organs.  

    Radiographic Findings 

 Bilateral hilar adenopathy on chest radiograph suggests the diagnosis of sarcoid-
osis, especially if the patient has no fever, night sweats, or weight loss [ 2 ,  7 ,  22 ]. 

M.A. Judson
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The chest radiograph often demonstrates bilateral enlargement the hilar lymph 
nodes as well as concomitant enlargement of the right paratracheal lymph nodes, 
which is described as the “1, 2, 3 sign” [ 23 ]. Findings on high resolution chest- 
computed tomography (HRCT) may be more specifi c for the diagnosis of sarcoid-
osis than those found on chest radiography, although they are inadequate for a 
diagnosis to be secured without biopsy confi rmation. Typical HRCT fi ndings that 
suggest sarcoidosis include parenchymal nodules and opacities that represent con-
glomerations of these nodules that have a perilymphatic distribution along the bron-
chovascular bundles as well as in subpleural locations [ 24 – 30 ].  

    Serum Angiotensin-Converting Enzyme 

 Angiotensin-converting enzyme (ACE) is produced in the epithelioid cell of the 
sarcoid granuloma [ 31 ], and serum ACE (SACE) levels refl ect the total sarcoidosis 
granuloma burden [ 31 ]. Although SACE has been suggested as a diagnostic test for 
sarcoidosis, elevated SACE levels in isolation are inadequately sensitive or specifi c 
to reliably diagnose of exclude the disease [ 32 ]. In a review of 14 studies encom-
passing 4,195 patients concerning the diagnostic accuracy of SACE for sarcoidosis, 
the sensitivity was 77 % (range: 41–100 %) and the specifi city was 93 % (range: 
83–99 %) [ 33 ]. The likelihood of sarcoidosis increases in patients with higher 
SACE levels [ 33 ,  34 ], and SACE levels greater than 2 times the upper limits of nor-
mal are rarely seen in other diseases and not seen in cancer or lymphoma [ 32 ].   

    Making the Diagnosis of Sarcoidosis on Clinical Grounds 
Without a Tissue Biopsy 

 On rare occasions, the clinical presentation is so specifi c for sarcoidosis that the 
diagnosis can be made without a confi rmatory tissue biopsy. These presentations are 
listed in Table  1.2 . Even in these situations, the clinician should be diligent in terms 
of excluding possible, albeit unlikely, alternative diagnoses.

       Selection of a Biopsy Site 

 With the exception of the rare instances where the clinical fi ndings are highly spe-
cifi c for sarcoidosis (Table  1.2 ), the diagnosis requires a tissue biopsy (Fig.  1.1 ). It 
is in the patient’s best interest for the biopsy to be minimally invasive and associated 
with the least morbidity. For these reasons, superfi cial biopsy sites are preferred 
compared to visceral organs [ 35 ]. Even in patients suspected to have sarcoidosis on 
the basis of obvious thoracic or abdominal disease, a thorough skin, conjunctival, 
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lacrimal gland, and peripheral lymph node examination should be performed. The 
patient should be questioned about the presence of scars or tattoos, because sarcoid-
osis skin nodules have a predilection to form in these areas. The detection of a 
conjunctival nodule, palpable lacrimal gland, or palpable peripheral lymph node 
should prompt consideration of a biopsy for diagnosis. 

 When there is no clinical evidence that a superfi cial site is involved with sarcoid-
osis, a biopsy is usually attempted in an organ where sarcoidosis involvement is 
suspected. This is very often the lung, as pulmonary involvement occurs in more 
than 90 % of sarcoidosis patients early in the course of the disease [ 21 ]. The 
approach to lung biopsy for the diagnosis of pulmonary sarcoidosis continues to 
change with the advent of newer technologies. Although the diagnosis can almost 
always be made by mediastinoscopy when signifi cant mediastinal adenopathy is 
present and by video-assisted thoracoscopic surgery when there is parenchymal 
lung disease, less invasive bronchoscopic procedures are usually preferred. The 
yield of transbronchial lung biopsy (TLB) for the diagnosis of pulmonary sarcoid-
osis ranges from 60 to 97 % depending on the number of biopsies taken and the 
presence of parenchymal disease on chest radiograph [ 36 – 42 ]. 

 Endobronchial biopsy may be positive in more than 60 % of patients with pulmo-
nary sarcoidosis [ 43 ]. Biopsies are more frequently positive in individuals with 
abnormal-appearing airways [ 43 ]. Furthermore, endobronchial biopsy can be 
 performed with TLB and increases the yield for sarcoidosis above that using 
TLB alone [ 43 ]. 

 Transbronchial needle aspiration under endobronchial ultrasound guidance 
(TBNA-EBUS) has been extensively evaluated as a diagnostic approach for pulmo-
nary sarcoidosis over the last decade. The diagnostic yield is in the range of 80 % 
[ 44 ], and a positive result avoids the need for TLB and endobronchial biopsies if 
on-site cytopathology is performed. TBNA-EBUS has been shown to be superior to 
“blind” TBNA without ultrasound guidance for the diagnosis of sarcoidosis [ 45 ]. 

 Examination of infl ammatory cells from bronchoalveolar lavage fl uid (BALF) is 
sometimes used as a complementary test for the diagnosis of pulmonary sarcoidosis. 

    Table 1.2    Clinical presentations that may be assumed to be sarcoidosis without tissue confi rmation 
provided additional data do not suggest an alternative diagnosis   

 • Lofgren’s syndrome 
 – Bilateral hilar adenopathy on chest radiograph 
 – Erythema nodosum skin lesions 
 – Fever (often) 
 – (Ankle) arthralgias/arthritis (often) 

 • Herfort’s syndrome 
 – Uveitis 
 – Parotitis    
 – Fever (often) 

 • Bilateral hilar adenopathy on chest radiograph without symptoms 
 • Positive panda sign (parotid and lacrimal gland uptake) and lambda sign (bilateral hilar and 

right paratracheal lymph node uptake) on gallium-67 scan 

  Adapted from [ 2 ] with permission  

M.A. Judson



7

The diagnostic accuracy of the percentage of lymphocytes and the CD4/CD8 lym-
phocyte subpopulation ratio in BALF have been assessed. The sensitivity, specifi c-
ity, positive and negative predictive values of these BALF analyses for the diagnosis 
of sarcoidosis have been variable, probably because of differences in the prevalence 
of sarcoidosis, the prevalence of other diseases associated with BALF lymphocyto-
sis, and the cut-off values used. In general, BALF lymphocytosis (greater than 15 % 
lymphocytes) has a 90 % sensitivity for the diagnosis of sarcoidosis [ 46 ,  47 ], 
although the specifi city is low [ 46 ]. Table  1.3  shows the differential diagnosis of 
BALF lymphocytosis, and this needs to be kept in mind in order to exclude alterna-
tive causes for this fi nding other than sarcoidosis. The BALF  CD4/CD8 ratio is 
increased >3.5 in 50–60 % of pulmonary sarcoidosis patients. However, the specifi c-
ity of the BALF CD4/CD8 ratio criterion has approached 95 % in some [ 48 ,  49 ] but 
not all [ 46 ] studies. Some have advocated that the BALF CD4/CD8 criterion is diag-
nostic of sarcoidosis when there are concomitant chest imaging fi ndings compatible 
with sarcoidosis [ 47 ]; however, these criteria not been formally tested. At present, 
the role of BALF for the diagnosis of sarcoidosis is controversial and unsettled.

   Granulomas can be detected histologically in any organ that is involved with 
sarcoidosis [ 35 ]. The biopsy of neural tissue and the heart are particularly problem-
atic because of the potential morbidity associated with these procedures. Because 
patients with neurosarcoidosis will have extraneural sarcoidosis nearly 90 % of the 
time [ 50 ], most patients have extraneural disease from which a biopsy specimen can 
be obtained. Although endomyocardial biopsy is a fairly specifi c test for cardiac 
sarcoidosis in the proper clinical setting, its sensitivity is very low [ 51 ]. For this 
reason, endomyocardial biopsy is rarely performed for the diagnosis of sarcoidosis. 
Often, imaging studies are used surrogate tests for the diagnosis of neurosarcoidosis 
and cardiac sarcoidosis. Such studies should be interpreted cautiously as their speci-
fi city depends upon associated clinical evidence for sarcoidosis, which should 
almost always include previous biopsy confi rmation of granulomatous infl amma-
tion of unknown cause in another organ (vide infra). 

 On some occasions, the diagnosis of sarcoidosis is suspected on clinical grounds, 
although no specifi c organ is identifi ed to biopsy. There is no established approach 
for this situation. Total body imaging such as positron emission tomography (PET) 
[ 52 ] or gallium-67 scanning [ 53 ] has been proposed in such cases to identify an 

  Table 1.3    Causes 
of a lymphocytosis 
(≥15 % lymphocytes) in 
bronchoalveolar lavage fl uid  

 Sarcoidosis 
 Granulomatous infectious diseases (mycobacteria, fungi) 
 Hypersensitivity pneumonitis 
 Viral pneumonitis 
 Drug-induced alveolitis 
 Lymphocytic interstitial pneumonitis (LIP)/lymphoma 
 Nonspecifi c interstitial pneumonitis (NSIP) 
 Cryptogenic organizing pneumonia (COP) 
 Chronic beryllium disease 
 Radiation pneumonitis 
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organ for biopsy, although no rigorous analysis of this approach has been under-
taken. Another suggested approach in this situation is to biopsy organs that are 
commonly affected, even in the absence of symptoms or other clinical fi ndings sug-
gestive or sarcoidosis involvement of that organ. Conjunctival biopsies have per-
formed in this situation, and the yield has ranged from 27 to 55 % in patient without 
ocular symptoms [ 54 – 60 ]. In vivo confocal microscopy of the conjunctiva can 
detect multinucleated giant cells without the need for a biopsy, and this has also 
been advocated to noninvasively confi rm granulomatous infl ammation in sarcoid-
osis patients [ 61 ]. Liver biopsy demonstrates granulomas in 24–78 % of sarcoidosis 
patients, even when they have no symptoms attributable to the liver and normal 
serum liver function tests [ 62 – 64 ]. However, hepatic granulomas are not specifi c for 
sarcoidosis so that clinical evidence of extrahepatic sarcoidosis must be present for 
the diagnosis to be secure [ 35 ]. Andonopoulos and colleagues found that gastrocne-
mius muscle biopsy revealed granulomas in 22 consecutive patients without muscle 
symptoms who had bilateral hilar adenopathy on chest radiograph [ 65 ]. However, 
most of these patients had strong clinical evidence of sarcoidosis; furthermore, this 
procedure is fairly invasive. Another invasive biopsy procedure for sarcoidosis is 
scalene lymph node biopsy [ 66 ], which has essentially been supplanted by diagnos-
tic biopsy of more easily accessible sites. 

 Another test to consider when sarcoidosis is suspected on clinical grounds, 
although no specifi c organ is identifi ed to biopsy is the Kveim test. This test involves 
the intradermal inoculation of a suspension of splenic tissue from spleen that was 
involved with sarcoidosis [ 67 ]. If a skin nodule develops at the inoculation site in 
4–6 weeks, is biopsied, and reveals noncaseating granulomatous infl ammation, this 
is highly specifi c for the diagnosis of sarcoidosis. Unfortunately, the Kveim test in 
not highly sensitive for the diagnosis of sarcoidosis; both the sensitivity and speci-
fi city of the test vary depending on the spleen that is used, and the suspension is not 
approved by the Food and Drug Administration. Therefore, the Kveim test is not 
approved as a standard diagnostic test for sarcoidosis. 

 Figure  1.2  shows our approach to the selection of a biopsy site for the diagnosis 
of sarcoidosis.

       Pathology 

 Although granulomatous infl ammation is necessary to establish a diagnosis of sar-
coidosis in most cases, granulomas are nonspecifi c infl ammatory reactions, and 
they are not diagnostic of sarcoidosis or any other granulomatous disease [ 2 ,  68 ]. 
Meticulous histological examination with appropriate staining of all biopsies should 
be performed to search for known causes of granulomatous infl ammation, such as 
mycobacteria, fungi, parasites, and foreign material (e.g., talc). 

 Although there are no specifi c histological features that are diagnostic of sarcoid 
granulomas, there are certain features that suggest this diagnosis. The sarcoid gran-
uloma usually consists of a compact (organized) collection of mononuclear phago-
cytes (macrophages and epithelioid cells) [ 69 ]. Typically, there is no necrosis within 
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the sarcoid granuloma; however, on occasion, there is a small to moderate amount 
of necrosis. Usually, giant cells fuse within the sarcoid granuloma to form multi-
nucleated giant cells. These granulomas are typically surrounded by lymphocytes in 
the periphery. A variety of inclusions may be present within the sarcoid granuloma 
including asteroid bodies, Schaumann’s bodies, birefringent crystals, and 
Hamazaki–Wesenberg bodies; however these inclusions are not specifi c or diagnos-
tic of sarcoidosis [ 68 ]. In particular, birefringent crystals within the sarcoid granu-
loma may lead to a misdiagnosis of talc granulomatosis [ 14 ]. Care must be taken to 
ensure that the crystal morphology and size are compatible with intravenously 
injected talc to ensure the diagnosis of talc granulomatosis [ 14 ].  

    Exclusion of Alternative Causes of Granulomatous 
Infl ammation 

 Table  1.4  lists potential causes other than sarcoidosis for granulomatous infl amma-
tion based on the organ involved. The diagnosis of sarcoidosis requires that all these 
diagnoses have been excluded to a reasonable degree. As it is impossible to be 

  Fig. 1.2    The fi gure outlines the diagnostic approach to selecting a biopsy site for pathologic con-
fi rmation of granulomatous infl ammation consistent with sarcoidosis. This approach emphasizes 
(a) selection of a relatively noninvasive biopsy site when possible; (b) biopsy of a site suspected to 
be clinically involved unless the biopsy would be highly invasive; (c) various approaches when no 
obvious organ involvement is demonstrated or only organs requiring very invasive biopsies dem-
onstrate potential involvement       
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completely assured that all these causes have been excluded, the diagnosis of sar-
coidosis is never completely secure.

   The exclusion of alternative causes of granulomatous infl ammation requires a 
multifaceted approach [ 2 ]. A detailed medical history is essential to exclude potential 
exposure to infectious agents (e.g., tuberculosis and fungi), environmental exposures 
(e.g., organic bioaerosols generated from birds or hot tubs that may cause hypersen-
sitivity pneumonitis), and occupational exposures (e.g., beryllium) (vide supra). 

 In addition to the medical history, the biopsy specimen must be meticulously 
examined for alternative causes of granulomatous infl ammation [ 14 ]. This includes a 
search for infectious agents and foreign materials that could induce a granulomatous 
reaction. At a minimum, this should include appropriate stains of histologic material 
for mycobacteria and fungi, and usually, cultures for these organisms as well.  

    Verifi cation of Sarcoidosis Involvement of a Second Organ 

 The presence of granulomatous infl ammation of unknown cause in a single organ is 
inadequate for the diagnosis of sarcoidosis, as, by defi nition, multiple organs should 
be involved. Examples of such single organ granulomatous diseases that are distin-
guished from sarcoidosis include idiopathic granulomatous hepatitis [ 70 ], that is 
rarely found to be sarcoidosis (extrahepatic granulomas rarely develop over time) 
and idiopathic panuveitis, a granulomatous uveitis confi ned to the eye that is com-
mon in the southeastern USA [ 71 ]. 

 Although granulomatous infl ammation in an isolated organ is not diagnostic of 
sarcoidosis, treatment is usually identical to the treatment of sarcoidosis provided 
that alternative causes have been reasonably excluded. Therefore, it is usually not of 
clinical importance to search for additional organ involvement beyond a “general 
organ screen” as outlined in Table  1.5 .

   Although the diagnosis of sarcoidosis requires strong evidence that a second 
organ be involved, histological confi rmation of involvement in a second organ is not 
always required. A consensus panel of sarcoidosis experts has established clinical 
criteria for “defi nite,” “probable,” and “possible” organ involvement with sarcoid-
osis for some organs without the need for a biopsy, provided alternative causes for 
this clinical fi nding has been reasonably excluded (Table  1.6 ) [ 72 ].

  Table 1.5    Extent of workup 
for second organ involvement 
if a biopsy has revealed 
granulomatous infl ammation 
consistent with sarcoidosis  

 Chest radiograph 
 Liver function tests 
 Complete blood count 
 Ophthalmologic examination 
 Electrocardiogram 
 Serum calcium 
 Urinalysis 

  Adapted from [ 2 ] with permission  
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       Other Idiopathic Multiorgan Granulomatous Syndromes 

 There are other multiorgan granulomatous syndromes that are thought not to be 
sarcoidosis, but rather, separate clinical entities. This is a controversial issue because 
some consider these disorders under the penumbra of “sarcoidoses syndromes.” 
Blau’s syndrome consists of granulomatous iritis, arthritis, and skin rash [ 73 ]. The 
disease is a genetic disorder [ 74 ] and has an autosomal dominant pattern of inheri-
tance with variable penetrance [ 73 ]. In contrast to sarcoidosis, most cases occur 
before 12 years of age. Blau’s syndrome is considered a separate entity from child-
hood sarcoidosis on the basis of a lack of visceral (e.g., pulmonary) involvement 
and mode of inheritance [ 73 ]. 

 In 1989, Brinker described a syndrome with: prolonged fever, granulomatous 
infl ammation in the liver, spleen, bone marrow, and lymph nodes, a benign course 
and a tendency for recurrence. This entity has been described as the GLUS syn-
drome: granulomatous lesions of unknown signifi cance. The GLUS syndrome is 
thought to be distinct from multisystem sarcoidosis because (1) elevated SACE lev-
els are not found with the GLUS syndrome; (2) hypercalcemia is not found with the 
GLUS syndrome; (3) the Kveim test is negative in the GLUS syndrome; and (4) 
immunotyping of the T-lymphocytes in GLUS syndrome granulomas are different 
compared to those from sarcoidosis granulomas [ 75 ]. 

 Necrotizing sarcoid granulomatosis (NSG) is a systemic granulomatous vasculi-
tis [ 76 ]. Because of vascular involvement, necrosis is a prominent feature, unlike 
most cases of sarcoidosis. Although the lung is commonly involved, extrapulmo-
nary involvement is also common [ 77 ]. It is debated whether NSG is a distinct clini-
cal entity or a form of systemic sarcoidosis [ 77 ,  78 ].  

    The Future 

 Obviously, sarcoidosis has a cause. It may have one primary cause or there may be 
many causes of what we presently call, “sarcoidosis.” Chronic beryllium disease 
was once thought to be sarcoidosis until its specifi c etiology was determined. It may 
be that, in the future, we will “pare off” additional specifi c causes of granulomatous 
infl ammation that are now thought to be sarcoidosis. We may take a “splitter 
approach” and reclassify these diseases, attributing them to their specifi c cause 
rather than classifying them as sarcoidosis. Conversely, we may take a “lumper 
approach” and classify all these diseases as “the sarcoidoses.” We may even prefer 
to lump chronic beryllium disease and even infectious granulomatous diseases 
under the sarcoidoses umbrella. 

 The development of sarcoidosis may depend not only on a specifi c cause but also 
on the host’s immune system. It may be that specifi c causes of sarcoidosis depend 
on an interaction between an exposure and a genetically driven infl ammatory 
response to that exposure [ 79 ]. There is mounting evidence that sarcoidosis, like 
many other granulomatous diseases, results from an antigen recognized and 
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processed by an antigen-presenting cell that presents this antigen to a T-cell receptor 
via an HLA class II molecule [ 80 ]. It may be that specifi c antigenic causes of sar-
coidosis depend on HLA class II polymorphisms that bind the antigen properly so 
that it can be presented to the T lymphocyte. In support of this contention, many 
HLA polymorphisms are associated with sarcoidosis [ 81 ], whereas others are pro-
tective [ 81 ]. In the future, causes of sarcoidosis may be determined by an analysis 
of the patient’s immune response including analysis of their HLA genotype. It may 
even be possible to prevent the development of sarcoidosis by such an analysis so 
that specifi c antigenic exposures can be avoided.  

    Summary 

 The diagnosis of sarcoidosis is never secure. On the rare occasions, when certain 
clinical fi ndings are present that are very specifi c for sarcoidosis, the diagnosis can 
be made on clinical grounds without performing a biopsy. In most cases, a biopsy 
revealing granulomatous infl ammation is a necessary but insuffi cient criterion for 
the diagnosis of sarcoidosis. It is prudent to select the least invasive biopsy location 
based on the specifi c clinical presentation (e.g., skin). Because there are numerous 
infectious and noninfectious causes of granulomatous infl ammation besides sar-
coidosis, a diligent effort must be undertaken to exclude these possibilities. This 
effort includes taking a detailed history to inquire about potential infectious, envi-
ronmental, and occupational exposures that could cause granulomatous infl amma-
tion (e.g., tuberculosis, beryllium exposure). This effort should also include a 
thorough examination of the pathological material to search for infectious agents 
and other material that could cause granulomatous infl ammation. Although the 
pathologic characteristics of the biopsy are not defi nitive for the diagnosis nor can 
they exclude it, the presence of compact, non-necrotic granulomas would make the 
diagnosis much more likely. Because one can never been completely certain that all 
alternative causes of granulomatous infl ammation have been excluded, the diagno-
sis of sarcoidosis is never completely secure. If sarcoidosis remains a reasonable 
possibility after a detailed medical history and pathological examination has been 
performed, a search should be undertaken for a second organ involved with sarcoid-
osis. The net result of this algorithm is not a defi nitive diagnosis of sarcoidosis but 
a statistical likelihood of the diagnosis [ 2 ]   .       
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    Abstract     The pulmonary manifestation of sarcoidosis has a great variability and is 
notorious for mimicking many other interstitial lung diseases. Knowledge of pulmo-
nary manifestations is important in diagnosing saroidosis because thoracic involve-
ment is present in over 90 % of patients. In this chapter, classical fi ndings on chest 
X-ray and HRCT are described as well as multiple uncommon fi ndings in radiology. 
The most common fi ndings are bilateral hilar lymphadenopathy, reticulonodular 
pattern, perilymphatic distribution of nodules, and predominant upper- and middle 
lobe parenchymal abnormalities. Uncommon fi ndings are unilateral lymphadenopa-
thy, reticular pattern, excessive ground glass opacities, pleural disease, solitary 
mass, and predominant lower lobe parenchymal abnormalities. Furthermore, the 
appearance of pulmonary hypertension and necrotizing sarcoid granulomatosis will 
be described. Finally, imaging of pulmonary sarcoidosis with positron emission 
tomography with  18 F-Fluordeoxyglucose ( 18 F-FDG PET) will be discussed.  

  Keywords     Sarcoidosis   •   Intrathoracic manifestations   •   Lymphadenopathy   • 
  Parenchymal involvement   •   Pulmonary fi brosis   •   Chest X-ray   •   HRCT   •   PET  
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  Abbreviations 

   BHL    Bilateral hilar lymphadenopathy   
  COP    Cryptogenic organizing pneumonia   
  HRCT    High resolution computed tomography   
  LIP    Lymphocytic interstitial pneumonia   
  NSG    Necrotizing sarcoid angiitis and granulomatosis   
  PET    Positron emission tomography   
  SPL    Secondary pulmonary lobule   
  SURT    Sarcoidosis of the upper respiratory tract   

          Introduction 

    Clinical Manifestations 

 The clinical manifestations of sarcoidosis are highly variable and often nonspecifi c. 
Every organ can be affected, but thoracic involvement occurs in more than 90 % of 
patients. It is important to state that an estimated 40 % of sarcoidosis patients are 
asymptomatic, with incidental fi ndings on chest radiographs [ 1 – 3 ]. Dyspnea, dry 
cough, or chest pain occurs in approximately 50 % of all patients. Massive hilar and/
or mediastinal lymphadenopathy is often asymptomatic, but may cause fatigue, 
retrosternal pain, or dysphagia in some patients [ 4 ,  5 ]. In pulmonary sarcoidosis, 
chest physical fi ndings are usually minimal. Even in patients where radiographic 
abnormalities are extensive, crackles are present in less than 20 % of sarcoidosis 
patients. Finger clubbing is also uncommon in sarcoidosis [ 2 ].  

    Radiographic Scoring Systems: Scadding Staging 

 Sarcoidosis is commonly staged according to its appearance on the chest radiograph 
following the Scadding criteria (Table  2.1 ) [ 6 ]. Stage 0 indicates no visible intratho-
racic fi ndings. Stage I represents bilateral hilar lymphadenopathy, which may be 
accompanied by paratracheal lymphadenopathy. Stage II represents bilateral hilar 
lymphadenopathy accompanied by parenchymal infi ltration. Stage III represents 
parenchymal infi ltration without hilar lymphadenopathy. Stage IV consists of 
advanced fi brosis with evidence of honeycombing, hilar retraction, bullae, cysts, 
and emphysema. Despite the nomenclature, patients do not all progress through 
stages I–IV and these stages have no sequential order. For example, a patient may 
present with stage III which normalizes during follow-up. Also, it can be seen that 
a patient who initially presents with stage I disease that normalizes can present later 
on with parenchymal disease only (stage III) [ 7 ]. Hillerdal and colleagues found 

M. Veltkamp and J.C. Grutters



21

that in a cohort of patients presenting with stage I disease 9 % progressed to stage II 
compared to 1.6 % who progressed to stage III or IV. Of patients presenting with 
stage II disease only 5.5 % progressed to stage III or IV disease [ 1 ].

   An interesting feature of the above mentioned Scadding criteria is the fact that is 
gives prognostic information [ 8 – 10 ]. In stage I disease, spontaneous resolution 
occurs in 60–90 % of patients. Spontaneous resolution occurs in 40–70 % of patients 
with stage II disease and in 10–20 % of patients with stage III disease. The majority 
of spontaneous remissions occur within the fi rst 2 years of disease presentation. 
There is no spontaneous resolution in patients with stage IV pulmonary sarcoidosis. 
An important limitation of the Scadding criteria is the great interobserver variabil-
ity, especially between stages II and III, and III and IV [ 7 ].  

    Pulmonary Function Test 

 All varieties of abnormalities in pulmonary function tests can be seen in sarcoidosis: 
obstructive, restrictive, diffusion impairment, or combinations of these. However, in 
sarcoidosis patients with abnormal lung function testing, a decreased diffusion 
capacity and a restrictive ventilatory defect are most often seen. Almost 50 % of 
patients also have obstructive airway disease [ 9 ]. Furthermore, bronchial hyper 
responsiveness is seen in up to 20 % of patients and is associated with the presence 
of microscopic non-necrotizing granulomas in the endobronchial mucosa [ 11 – 13 ].   

    Large Airway Involvement 

 Sarcoidosis of the upper respiratory tract (SURT) may involve the nose, sinuses, 
larynx, oral cavity, ear, trachea, and bronchi [ 14 ,  15 ]. The incidence of SURT is 
approximately 5 % [ 16 ]. During bronchoscopy common lesions in the trachea as 
well as in the bronchi are erythema, thickening of the mucosa, and a “cobblestone 
appearance” (Fig.  2.1 ), which yields a high number of granulomas on biopsy. In a 
small study by Shorr and colleagues it was shown that 71 % of sarcoidosis patients 

   Table 2.1    Radiographic staging of sarcoidosis patients at presentation according to the Scadding 
criteria. The estimated frequency at presentation is given as well as the probability of spontaneous 
resolution during disease course [ 8 – 10 ]   

 Radiographic stage  Chest X-ray  Frequency (%)  Resolution (%) 

 0  Normal  5–15 
 I  BHL  25–65  60–90 
 II  BHL and pulmonary infi ltrates  20–40  40–70 
 III  Pulmonary infi ltrates without BHL  10–15  10–20 
 IV  Advanced pulmonary fi brosis  5  0 

   BHL  bilateral hilar lymphadenopathy  

2 The Pulmonary Manifestations of Sarcoidosis



22

undergoing bronchoscopy had bronchial abnormalities [ 17 ]. Severe endoluminal 
stenosis of the trachea or main bronchi is rare in sarcoidosis, estimated to be less 
than 1 % [ 18 ]. It is important to state when diagnosing sarcoidosis that even in 
patients with a normal appearing airway, granulomas can be identifi ed in almost 
30 % of patients [ 17 ].

       Mediastinal and Hilar Lymphadenopathy 

 Lymphadenopathy is the most common intrathoracic manifestation of sarcoidosis 
occurring in approximately 80 % of patients during their illness, irrespectively of 
radiographic staging [ 19 – 25 ]. An overview of common and uncommon sites of tho-
racic lymphadenopathy in sarcoidosis is given in Table  2.2 . In most cases bilateral 
hilar lymphadenopathy is present (Fig.  2.2 ), with unilateral hilar adenopathy occur-
ring in only 3–5 % of patients [ 19 ,  26 ,  27 ]. When present, unilateral hilar lymphade-
nopathy is more common on the right side as on the left side. Furthermore, besides 
the hilar region, lymphadenopathy in sarcoidosis is also seen in the right paratra-
cheal, aortopulmonary window, and tracheobronchial regions [ 22 – 25 ,  28 ]. A typical 
example of bilateral lymphadenopathy and right paratracheal lymphnode enlarge-
ment in sarcoidosis is known as Garland’s triad or 1-2-3 sign.

    The groups of Niimi and Patil demonstrated that the most commonly involved 
nodal stations are Naruke 4R (right lower paratracheal), Naruke 10R (right hilar), 
Naruke 7 (sub-carinal), Naruke 5 (aortopulmonary    window), Naruke 11R (right 
interlobular), and Naruke 11L (left interlobular) [ 23 ,  24 ] (Table  2.2 ). 

  Fig. 2.1    Endobronchial “cobblestone” appearance in a 57-year-old sarcoidosis patient. Biopsy 
proved multiple non-necrotizing granulomas. Courtesy of Dr. A.C. Verschoof, Hospital Gelderse 
Vallei, Ede, The Netherlands       
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 The differential diagnosis of hilar and mediastinal lymphadenopathy is broad, 
with the major diagnostic alternatives being lymphoma, metastatic disease, and 
infections (especially tuberculosis). An important feature of lymphadenopathy in 
sarcoidosis is the symmetrical distribution, being rather unusual in the abovemen-
tioned diagnostic alternatives. Lymphadenopathy can also be seen in other intersti-
tial lung diseases such as (idiopathic) interstitial pneumonitis and hypersensitivity 
pneumonitis. However, in diseases other than sarcoidosis, usually only one or two 
nodes are enlarged and their maximal short axis diameter is mostly <15 mm [ 24 ]. 
Mediastinal lymphadenopathy without hilar involvement is uncommon and a 
biopsy-proven diagnosis is warranted. 

 Lymph node calcifi cation is visible at presentation in approximately 20 % of 
patients, increasing to 44 % during disease course [ 29 ]. The morphology of calcifi ed 
lymph nodes is variable and nonspecifi c. Sometimes, the calcifi cation can have an 

   Table 2.2    Classical versus 
more uncommon features 
of pulmonary sarcoidosis at 
HRCT. The features are 
also divided in potentially 
reversible versus irreversible  

 Classical fi ndings, potentially reversible 

 Lymphadenopathy: bilateral hilar, mediastinal, right paratracheal, 
subcarinal, aortopulmonary 

 Reticulonodular pattern: micronodules 
(2–4 mm, well defi ned, bilateral distribution) 

 Perilymphatic distribution of nodules 
(peribronchovascular, subpleural, interlobular septal) 

 Predominant upper- and middle zones parenchymal abnormalities 

 Uncommon fi ndings, potentially reversible 

 Lymphadenopathy: unilateral, isolated, anterior 
and posterior mediastinal, paracardiac 

 Reticular pattern 
 Isolated cavitations 
 Isolated ground glass opacities without micronodules 
 Mosaic attenuation pattern 
 Pleural disease (effusion, pleural thickening, chylothorax, 

pneumothorax) 
 Mycetoma 
 Macronodules (>5 mm, coalescing). Galaxy sign and cluster sign 

 Classical fi ndings refl ecting irreversible fi brosis or chronic disease 

 Reticular opacities, predominantly middle and upper zones 
 Architectural distortion 
 Traction bronchiectasis 
 Volume loss, predominantly upper lobes 
 Calcifi ed lymphnodes 
 Fibrocystic changes 

 Uncommon fi ndings refl ecting irreversible fi brosis or chronic disease 

 Honeycomb-like changes 
 Reticular opacities in predominantly lower lobes 
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eggshell appearance [ 30 ]. Calcifi cation of lymph nodes is linked to the duration of 
disease and can be seen in other granulomatous disorders like tuberculosis or histo-
plasmosis as well. When comparing calcifi ed lymph nodes in sarcoidosis and tuber-
culosis it was found that in sarcoidosis their diameter was signifi cantly larger, calcium 
deposition more focal, and hilar distribution more bilaterally (65 % vs. 8 %) [ 25 ].  

    Parenchymal Involvement 

    Basic Anatomic Patterns in Interstitial Lung Disease 

 When interpreting a chest X-ray or HRCT in interstitial lung disease, knowledge of 
microscopic lung anatomy is essential. In microscopic lung anatomy there are pri-
mary as well as secondary pulmonary lobules. A primary pulmonary lobule is 
defi ned as the area of the lung distal to the respiratory bronchioles. It is smaller than 
an acinus and is composed of alveolar ducts, alveolar sacs, and alveoli. The primary 
pulmonary lobule is rarely used in HRCT imaging, but is the reason the secondary 
pulmonary lobule (SPL) has its name. The SPL is the smallest part of the lung that 
is surrounded by connective tissue septa. (Fig.  2.3a ). It measures 1–2.5 cm in diam-
eter and is made up of approximately 12 pulmonary acini [ 31 ]. Interpretation of 
HRCT in interstitial lung diseases depends, among other things, on the type of 
involvement of the SPL. The center of each SPL is named the centrilobular area and 
contains a small terminal bronchiole, a pulmonary artery branch, and pulmonary 

  Fig. 2.2    Characteristic 
distribution of bilateral hilar 
lymphadenopathy in stage I 
sarcoidosis on a chest X-ray       
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lymphatics. The margins of the SPL are made up of the interlobular septa containing 
connective tissue, a pulmonary vein, and pulmonary lymphatics (Fig.  2.3b ). The 
term perilymphatic defi nes the distribution of lymphatics along the peribronchovas-
cular bundles, the centrilobular area, the interlobular septa, and the subpleural inter-
stitium including the fi ssures. Within the SPL there are also intralobular septa, 
which are delicate strands of connective tissue separating adjacent pulmonary acini 
and primary pulmonary lobules. They are continuous with the interlobular septa.

       Radiological Patterns in Parenchymal Sarcoidosis 

 The HRCT appearance of pulmonary sarcoidosis has a great variability and is noto-
rious for mimicking many other interstitial lung diseases. The most important two 
radiological patterns in sarcoidosis with involvement of the lung parenchyma are 
the nodular pattern and the reticulonodular pattern. The distribution of nodules on 
HRCT can follow three different patterns; random distribution, centrilobular distri-
bution, and perilymphatic distribution (Fig.  2.4 ).

       Nodular and Reticulonodular Pattern 

 The nodular pattern is seen in almost 90 % of sarcoidosis patients with parenchymal 
involvement [ 32 ,  33 ]. Sarcoid granulomas are microscopic in size but can aggregate 
to form small nodules which can be seen on HRCT. These small nodules are 
1–10 mm in diameter, usually have irregular margins, and are predominantly pres-
ent in the mid and upper zones of the lungs. The nodules are frequently found along 
the bronchovascular bundles and in the subpleural region (Fig.  2.5 ) following a 
perilymphatic distribution. Aggregated subpleural nodules account for the fi ssural 

  Fig. 2.3    Overview of the pulmonary secondary lobule. ( a ) The terminal bronchiole in the center 
divides into respiratory bronchioles with acini that contain alveoli. Branches of the pulmonary 
artery are in  blue , branches of pulmonary veins are colored  red . Lymphatic vessels are depicted in 
 yellow . ( b ) The  blue circle  indicates the centrilobular area ( left ). The perilymphatic area is shown 
in  yellow  ( right ). Publication with permission from   http://www.radiologyassistant.nl           
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thickening that can be seen on HRCT. The nodules adjacent to interfaces of vessels, 
airways, and septa give these structures an irregular or beaded appearance, implicat-
ing to be pathognomonic    for sarcoidosis. This pattern is also seen in histological 
specimens, where granulomas are found in association with lymphatics along ves-
sels, airways, and in the subpleural area [ 34 ]. This distribution of granulomas can 
also explain the high rate of success in diagnosing sarcoidosis by bronchial and 
transbronchial biopsy. Frequently, sarcoidosis causes nodular septal thickening 
defi ning the reticulonodular pattern. A reticular pattern is a descriptive term (reticu-
lum meaning network) with several morphological variations ranging from general-
ized thickening of interlobular septa to honeycomb lung destruction. A pure reticular 
pattern is rarely seen in sarcoidosis [ 35 ].

  Fig. 2.4    Different nodal distribution patterns in interstitial lung diseases. In most cases, small 
nodules can be placed into one of three categories: random, centrilobular, or perilymphatic distri-
bution. In sarcoidosis, small nodules typically follow a perilymphatic distribution.  Random distri-
bution : Randomly distributed nodules do not follow a particular pattern of involvement with 
respect to the pulmonary architecture and the secondary pulmonary lobule. These nodules affect 
the fi ssures, peribronchovascular structures, and the center of the secondary pulmonary nodules. 
However they lack a predominance in any of these areas since they are randomly distributed. 
 Centrilobular : Centrilobular nodules exist predominantly in the center of the secondary lobule 
around the small airways. Centrilobular nodules spare the subpleural surface. They are typically at 
least 5–10 mm away from the pleural surfaces.  Perilymphatic : Nodules that are distributed with a 
perilymphatic predominance are seen near the fi ssures, subpleural location, and the peribroncho-
vascular structures. Publication with permission from   http://www.radiologyassistant.nl           
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       Large Nodules and Alveolar Sarcoidosis 

 Sarcoid nodules can aggregate into pulmonary nodules (no greater than 3 cm in diam-
eter) or large masses (Fig.  2.6 ). Such a presentation is uncommon in sarcoidosis and 
estimated to be 2.4–4 % [ 19 ,  27 ,  36 – 38 ]. In a retrospective analysis in African-
American patients, it was found that 82 % had multiple masses/nodules and only 
18 % had a solitary lesion [ 39 ]. An air bronchogram was seen in 58 % of the cases and 
the nodules tend to be more peripheral. The margins of the nodules are often irregular 
and hazy [ 37 ]. The nodules can remain stable for years; however, partial or complete 
regression has been described [ 36 ]. Cavitation is rarely seen in large pulmonary 
masses and is usually benign, however, hemoptysis can occur [ 40 ,  41 ]. In approxi-
mately 10–20 % of patients, massive consolidation with air bronchograms develops 
[ 42 – 45 ] (Fig.  2.7 ). The pathologic mechanism is loss of alveolar air due to compres-
sion of the alveoli by coalescent granulomas in the interstitium [ 26 ]. The alveolar 
opacities are usually present in the peripheral middle zones of the lung [ 26 ,  37 ].

        Galaxy Sign, Cluster Sign, and (Reversed) Halo Sign 

 Recently, three CT signs have been reviewed in sarcoidosis involving a more atypical 
distribution of large and small nodules [ 46 ]. The “sarcoid galaxy sign” represents a 
large pulmonary nodule or mass surrounded by many small satellite nodules 

  Fig. 2.5    HRCT with the classical perilymphatic distribution of nodules in a patient with sarcoid-
osis. Note the occurrence of small nodules along subpleural surface and fi ssures, along interlobular 
septa and the peribronchovascular bundles giving these structures a “beaded” appearance. This is 
thought to be pathognomonic for sarcoidosis       
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  Fig. 2.6    Pulmonary mass with sarcoid galaxy sign in both left and right upper lobe in a 28-year- 
old sarcoidosis patient. In both upper lobes the mass is surrounded by multiple small satellite 
nodules. Courtesy of Dr. K. Cuppens, University Hospital Leuven, Belgium       

  Fig. 2.7    Alveolar consolidation in the middle and right lower lobe of a sarcoidosis patient. Note 
the presence of air bronchograms in the major consolidation in the right lower lobe. Furthermore, 
multiple nodules with a mildly irregular outline are seen bilaterally       
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(Fig.  2.6 ). It is named after a galaxy, where the stars are known to be more concen-
trated to the galactic center than in the periphery. The “sarcoid cluster sign” is also 
characterized by clusters of multiple small nodules forming a pulmonary mass but, in 
contrast to the galaxy sign, the nodules do not tend to coalesce in the center (Fig.  2.8 ). 
The most important differential diagnosis for “sarcoid galaxy sign” or “sarcoid clus-
ter sign” is tuberculosis. However, clusters of small nodules can also be seen in cryp-
tococcus infection and silicosis [ 46 ]. The “reversed halo sign” is a far more nonspecifi c 
sign and describes a focal area of ground glass opacity surrounded by an almost 
complete ring of consolidation (Fig.  2.9 ). It was fi rst described as a specifi c fi nding 
in patients with cryptogenic organizing pneumonia (COP) [ 47 ]. Later on, multiple 
authors described the “reversed halo sign” in various diseases such as tuberculosis, 
aspergillosis, Wegener’s granulomatosis, and adenocarcinoma in situ (formerly 
known as bronchoalveolar carcinoma) [ 48 ]. The “reversed halo sign” is also known 
as the “atoll sign” due to its resemblance of a ring shaped coral reef that encloses a 
lagoon with shallow water [ 49 ]. A true “halo sign,” describing a pulmonary mass 
with a surrounding area of ground glass has been rarely described in sarcoidosis [ 50 ].

        Ground Glass Opacities 

 Ground glass attenuation in HRCT is defi ned as areas of hazy increased attenuation 
with preservation of bronchial and vascular margins. In sarcoidosis patients, the 
prevalence of ground glass opacities is estimated to be 40 % ranging from 16 to 
83 % [ 29 ,  42 ,  45 ,  51 ,  52 ]. Historically, it was believed to represent active alveolitis, 
but now it is thought to be caused by small interstitial granulomas or fi brotic lesions 

  Fig. 2.8    Sarcoid cluster sign 
in sarcoidosis. Note the subtle 
clustering of micronodules 
without confl uence in the 
right parahilar region. 
Courtesy of Prof. dr. J. 
Verschakelen and Prof. dr. W. 
Wuyts, University Hospital 
Leuven, Belgium       
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beyond the resolution of CT [ 34 ]. Ground glass is multifocal and often accompa-
nied by subtle micronodularity [ 53 ]. Furthermore, it is most frequently seen at dis-
ease presentation [ 43 ]. The response to steroids depends on the presence of 
underlying fi brosis, with clearance being more likely if it is of short duration [ 45 ].  

    Fibrotic Sarcoidosis 

 At presentation, approximately 5 % of sarcoidosis patients have fi brotic changes on 
their chest X-ray [ 9 ,  10 ]. However, in an estimated 10–20 % of patients fi brosis 
develops or becomes more prominent during disease course [ 54 ]. On the chest 
X-ray, linear opacities radiating laterally from the hilum into the middle and upper 
zones is a characteristic fi nding [ 26 ]. The hila are shifted upward and vessels and 
fi ssures are distorted (Fig.  2.10 ) [ 19 ]. Due to compensatory hyperinfl ation, the 
lower lobes are sometimes transradiant. On HRCT, fi brotic changes are represented 
by fi brous bands, hilar retraction, displacement of fi ssures, traction bronchiectasis, 
honeycomb cysts, bullae, and irregular reticular opacities including intralobular 
lines and irregular septal thickening. Fibrosis is seen predominantly in the upper 
and middle lobes in a patchy distribution. A common feature of fi brotic sarcoidosis 
is the presence of conglomerated masses surrounding and encompassing vessels 
and bronchi. It occurs in 60 % of fi brotic sarcoidosis and is associated with bron-
chial distortion [ 44 ].

  Fig. 2.9    Reversed halo sign 
in both lower lobes in a 
32-year-old patient clinically 
and radiologically suspected 
of sarcoidosis. There is a 
focal area of ground glass 
opacity surrounded by an 
almost complete ring of 
consolidation. Lung biopsy of 
the mass in the right lower 
lobe revealed a 
histopathological diagnosis of 
lymphocytic interstitial 
pneumonia (LIP)       
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   Fibrotic cysts, bullae, traction bronchiectasis, and paracicatricial emphysema 
(air space enlargement and lung destruction developing adjacent to areas of pulmo-
nary scarring) represent advanced fi brotic sarcoidosis (Fig.  2.11 ). Cystic abnormali-
ties are particularly common in the upper lobes in advanced fi brotic sarcoidosis 
[ 55 ]. Honeycombing (subpleural clustering of cystic airspaces) is thought to be less 
common in sarcoidosis compared to other end-stage lung diseases [ 56 ]. If present, 
honeycomb-like cysts are most commonly found in the upper lobes but can also be 
seen in the lower lobes mimicking idiopathic pulmonary fi brosis [ 35 ].

       Mosaic Attenuation Pattern and Airtrapping 

 Mosaic attenuation is defi ned as a patchwork of regions with varied attenuation on 
HRCT. This pattern can represent patchy interstitial disease, vascular disease, or 
small airway disease. In patients with sarcoidosis, the presence of mosaic attenua-
tion frequently results from small airway involvement by granulomas or fi brosis 
[ 57 ,  58 ]. To verify that mosaic attenuation is caused by small airway disease, 

  Fig. 2.10    Pulmonary fi brosis on a chest X-ray in a 46-year-old sarcoidosis patient. Note that the 
hila are shifted upward       
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inspiratory images on CT must be compared with the parenchymal appearance on 
expiratory images in order to identify airtrapping. Airtrapping is a common but 
nonspecifi c feature of pulmonary sarcoidosis occurring in 95 % of patients [ 57 ,  59 ].   

    Mycetomas 

 The formation of mycetomas occurs in approximately 2 % of sarcoidosis patients, 
especially in stage IV cystic disease [ 60 ]. Fungal balls can develop in pre-existing 
bullae or cysts which are colonized by fungi, usually  Aspergillus  species. The char-
acteristic appearance of a pulmonary aspergilloma consists of a mobile opacity occu-
pying part or most of the cavity. It is surrounded by a peripheral rim of air known as 
the air crescent sign or Monod sign (Fig.  2.12 ) [ 61 ]. A common symptom in patients 
with aspergillomas is hemoptysis and, when massive, can be life threatening.

       Pleural Involvement 

    Pleural Effusion 

 In sarcoidosis, granulomas can be found on both visceral and parietal pleura. This 
pleural localization as well as blockage of lymphatic channels by granulomas can 
result in pleural effusion. However, pleural effusion is an uncommon manifestation 
of sarcoidosis with an estimated incidence of 0.7–10 % on chest X-ray [ 62 – 67 ]. 
In a more recent study, the occurrence of pleural effusion was studied with ultraso-
nography in 181 patients with sarcoidosis presenting at the outpatient clinic of a 

  Fig. 2.11    Fibrotic pulmonary 
sarcoidosis on HRCT. The 
CT demonstrates 
parenchymal distortion and 
destruction. Multiple 
honeycomb cysts are noted 
throughout the upper lobes 
bilaterally       
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University Hospital [ 68 ]. In 2.8 % of patients pleural fl uid was detected, with some 
patients having a parapneumonic effusion and congestive heart failure. Therefore, 
in this study only 1.1 % of patients had sarcoidosis-related pleural effusion demon-
strated by biopsy-proven sarcoid pleural involvement. Sarcoidosis-related pleural 
effusion occurs more often in the right side of the lung compared to the left (45 % 
vs. 33 %, respectively) [ 67 ]. It mostly resolves spontaneously within 6 months [ 69 ], 
sometimes leaving residual pleural thickening [ 26 ,  65 ].  

    Chylothorax 

 The development of chylothorax is an exceptionally rare complication of sarcoid-
osis, with only a few case reports in the literature [ 70 – 73 ]. In one case report, chy-
lothorax was the presenting feature of sarcoidosis [ 71 ].  

    Pneumothorax 

 It has been estimated that pneumothorax has a 2–3 % prevalence in sarcoidosis 
patients [ 74 ,  75 ]. Cases of spontaneous pneumothorax may develop due to rupture 
of a subpleural bleb, particularly in patients with advanced fi brocystic disease [ 67 ]. 
Bilateral pneumothorax in sarcoidosis has also been reported [ 76 ].   

  Fig. 2.12    Aspergilloma in the right upper lobe of a 57-year-old patient with advanced pulmonary 
sarcoidosis. The aspergilloma is surrounded by a peripheral rim of air known as the air crescent 
sign or Monod sign       
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    Necrotizing Sarcoid Granulomatosis 

 Necrotizing sarcoid angiitis and granulomatosis (NSG) is a rare entity and seen as 
a variant of sarcoidosis [ 77 ], however, with some uncertainty. It is debated whether 
NSG is a manifestation of systemic sarcoidosis with necrotizing granulomata or a 
form of necrotizing angiitis with a sarcoid-like reaction [ 78 ]. NSG is defi ned by a 
granulomatous vasculitis, confl uent non-necrotizing granulomas, and foci of 
infarct- like necrosis with variable degrees of fi brosis [ 77 ,  79 ]. Since the fi rst paper 
in 1973 [ 80 ], approximately 135 cases have been described [ 81 ]. The clinical fea-
tures of NSG are nonspecifi c. The lungs are primarily affected; however, other 
organs can also be affected. Radiographic features are similar to the nodular pre-
sentation with large pulmonary nodules or masses as described in section 
“Parenchymal Involvement.”  

    Pulmonary Hypertension 

 It is estimated that 1–6 % of patients with sarcoidosis have pulmonary hypertension, 
most patients having advanced stages on chest radiography (Scadding stages III and 
IV) [ 82 ,  83 ]. However, fi brosis or extensive parenchymal abnormalities are not 
always present and the absence should not exclude further evaluation for pulmonary 
hypertension [ 84 ]. Clinical characteristics are often atypical but some symptoms 
can suggest underlying pulmonary hypertension; dyspnea more severe compared to 
functional impairment, chest pain, and near syncope on exertion. Also, almost 25 % 
of sarcoidosis patients with pulmonary hypertension present with signs of right- 
sided heart failure [ 83 ,  84 ]. Diagnosing pulmonary hypertension in sarcoidosis 
solely with the use of CT is diffi cult and merely impossible. However, severe pul-
monary hypertension is likely to be present when the diameter of the main pulmo-
nary artery at the level of its bifurcation is clearly greater than that of the adjacent 
ascending aorta or more than 29 mm [ 85 ]. In a study by Nunes and colleagues, a 
higher frequency of ground glass attenuation and septal lines was found in sarcoid-
osis patients with pulmonary hypertension compared to sarcoidosis patients without 
pulmonary hypertension [ 84 ].  

    Positron Emission Tomography 

 In the last 10–15 years, positron emission tomography (PET) with 
 18 F-Fluordeoxyglucose ( 18 F-FDG PET) has emerged as a powerful tool to visualize 
the intensity and extent of sarcoidosis activity throughout the body [ 86 – 88 ]. This 
seems important for clinicians dealing with sarcoidosis patients with unexplained, 
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persistent, and disabling symptoms not coinciding with pulmonary function tests 
and radiographic features. It has been demonstrated that  18 F-FDG PET is a more 
sensitive technique in detecting disease activity in sarcoidosis compared to 
genotype- corrected ACE en sIL-2R [ 87 ,  89 ]. Pulmonary disease activity can be 
demonstrated with  18 F-FDG PET in patients with either a normal chest X-ray or 
signs of extensive fi brosis (Scadding stage IV). This observation has two important 
implications. First, when screening for pulmonary involvement in patients present-
ing with extrapulmonary sarcoidosis, a normal chest X-ray does not exclude pulmo-
nary involvement. Second, in a majority of patients with Scadding stage IV persistent 
parenchymal disease activity can be detected using  18 F-FDG PET [ 89 ].  18 F-FDG 
PET has been demonstrated to asses to possible functional improvement that can be 
achieved by immunosuppressive therapy [ 90 ] Therefore in some patients with stage 
IV disease anti-infl ammatory therapy might be appropriate. An example of  18 F-FDG 
PET in active pulmonary sarcoidosis is given in Fig.  2.13 .

  Fig. 2.13     18 F-FDG PET 
in a 50-year-old patient with 
active pulmonary and 
extrapulmonary sarcoidosis. 
Note the high uptake in the 
right upper lobe representing 
a massive consolidation. Due 
to a high uptake in both 
skeleton and bone marrow 
a biopsy of the right crista 
iliaca was performed 
revealing multiple 
non- necrotizing granulomas 
and fi brosis       
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    Abstract     Decisions regarding treatment of sarcoidosis rely on several factors. 
These include symptoms, organ involvement, signs of functional impairment, and 
current and prior therapy. Over the years, the treatment options for sarcoidosis have 
increased. While this has allowed the clinician to tailor therapy for the individual 
patient, it also has led to the need to consider risk and benefi t each individual patient. 
Not all therapy is equally effective in sarcoidosis. The benefi ts from an individual 
therapy may be more apparent within a few weeks, such as with glucocorticoids and 
anti-TNF biologic agents, whereas cytotoxic drugs such as methotrexate (MTX) 
may take up to 6 months or longer to demonstrate their effectiveness. Some drugs 
such as pentoxifylline seem only to be useful as steroid-sparing agents for pulmo-
nary disease. In addition drugs such as chloroquine and thalidomide may be effec-
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        Introduction 

 Decisions regarding treatment of sarcoidosis rely on several factors. These include 
symptoms, organ involvement, signs of functional impairment, and current and 
prior therapy. Over the years, the treatment options for sarcoidosis have increased. 
While this has allowed the clinician to tailor therapy for the individual patient, it 
also has led to the need to consider risk and benefi t each individual patient. 

 Not all therapy is equally effective in sarcoidosis. The benefi ts from an individ-
ual therapy may be more apparent within a few weeks, such as with glucocorticoids 
and anti-TNF biologic agents [ 1 ,  2 ], whereas cytotoxic drugs such as methotrexate 
(MTX) may take up to 6 months or longer to demonstrate their effectiveness [ 3 ]. 
Some drugs such as pentoxifylline seem only to be useful as steroid- sparing agents 
for pulmonary disease [ 4 ,  5 ]. In addition, drugs such as chloroquine and thalido-
mide may be effective for cutaneous disease but not pulmonary disease [ 6 ,  7 ]. 

 Despite our increasing number of agents for treating sarcoidosis, there is evi-
dence to suggest that the rate of hospitalization and death from sarcoidosis is rising 
[ 8 ,  9 ]. There are several possible reasons for this, including increased recognition of 
the disease as a cause of mortality, complications of the disease such as pulmonary 
hypertension [ 10 ,  11 ], and complications of treatment such as infection [ 12 ]. As we 
add more potent treatments, we may be increasing the overall risk for the patient. 
Another limitation to treatment decisions is the relatively few well controlled dou-
ble blind placebo-controlled trials [ 13 ,  14 ]. This is in part because of the diverse 
presentation of sarcoidosis. Nevertheless, evidence recommendations can often be 
given for individual patient situations [ 15 ]. In this chapter, we will review the indi-
cations for therapy, current treatment options, and propose guidelines for treatment 
and monitoring with various agents.  

    Indication for Therapy 

 Table  3.1  lists those indications proposed as relative and absolute indications for 
therapy [ 16 ]. For many patients, the decision to treat will be based upon the level of 
symptoms and presence of functional impairment [ 17 ]. This is especially true for 
pulmonary and cutaneous disease. For example, a small skin lesion on the arm or 
back may not warrant any treatment. However, lupus pernio and hypercalcemia will 
often be treated with systemic therapy [ 18 ].

   Pulmonary disease is the most common manifestation of sarcoidosis. However, 
not all patients with pulmonary disease require systemic therapy. Dyspnea and 
cough are the major indications for therapy. In the USA, about half of patients with 
pulmonary disease require systemic therapy [ 19 ,  20 ]. A smaller percentage of 
patients seem to require systemic therapy for pulmonary disease in Europe and Asia 
[ 21 ,  22 ]. However, advanced pulmonary disease is encountered throughout the 
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world. This includes pulmonary fi brosis, which can lead to signifi cant morbidity 
and some mortality [ 23 ,  24 ]. 

 For pulmonary disease, several parameters have been proposed to initially assess 
and monitor disease [ 25 ] and are summarized in Table  3.2 . These include those 
obtained with pulmonary function testing, especially the forced vital capacity 
(FVC). Changes in FVC are the most widely used measure of response to therapy 
[ 26 ]. However, other static pulmonary function tests, including the DLCO may 
change with therapy [ 27 ]. Exercise capacity can be assessed by the 6-min walk test, 
which allows one to determine the 6-min walk distance (6MWD). While changes in 
6MWD may be a refl ection of changes in lung function, there are several other fac-
tors which can affect 6MWD [ 28 ]. These include other conditions such as pulmo-
nary hypertension as well as other factors, such as fatigue [ 29 ] and impaired muscle 

  Table 3.1    Indications 
for treatment in 
sarcoidosis  

 Absolute  Relative a  

 Neurologic  Pulmonary 
 Cardiac  Cutaneous 
 Ocular  Hepatosplenomegaly 
 Hypercalcemia  Nephrolithiasis 
 Organ failure b   Systemic infl ammatory response 

 Fatigue 
 Small fi ber neuropathy and autonomic dysfunction 

   a Treatment indicated if patient symptomatic 
  b Such as renal or liver failure  

   Table 3.2    Parameters to monitor in pulmonary sarcoidosis   

 Validated  Reproducible 
 Sarcoidosis 
specifi c 

 Low 
cost 

 Forced vital capacity (FVC)  3+ a ,  b   3+  No  Yes 
 Forced expiratory volume in 1 s (FEV-1)  3+ b   3+  No  Yes 
 FEV-1/FVC  3+ b   3+  No  Yes 
 Diffusion lung carbon monoxide (DLCO)  3+ b   2+  No  Yes 
 6-min walk distance (6MWD) [ 29 ]  2+ b   1+  No  Yes 
 Chest X-ray: Scadding [ 33 ]  No  1+  Yes  Yes 
 Chest X-ray: Muers [ 35 ]  No  2+  Yes  Yes 
 HRCT Score [ 38 ]  Yes  1+     Yes  No 
 Positron emission tomography (PET) [ 40 ,  130 ]  No  Not tested  No  No 
 Saint George Respiratory Questionnaire (SGRQ)  3+ b   2+  No  Yes 
 Short form-36 (SF-36)  3+ b   2+  No  Yes 
 Sarcoidosis Health Questionnaire [ 131 ]  3+  2+  Yes  Yes 
 King’s Sarcoidosis Questionnaire [ 132 ]  3+  2+  Yes  Yes 
 Fatigue Assessment Score [ 43 ]  3+  2+  Yes  Yes 

  Adapted from Baughman et al. [ 25 ] 
  a Scale   : No, 1–3+, unknown 
  b Not validated for sarcoidosis  
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strength [ 30 ]. Full cardiopulmonary exercise testing does provide information not 
obtained from routine spirometry [ 31 ,  32 ]. However, the variability of performing 
the test across centers has led to limited use in clinical trials of treatments.

   Chest imaging has also been used to assess response to therapy. The Scadding 
staging system has proved a useful way of characterizing the majority of patients 
with pulmonary disease [ 33 ]. There are problems with reproducibility of the staging 
system [ 34 ]. In addition, most studies fail to show signifi cant changes in stage with 
therapy. Muers et al. devised a detailed radiographic score similar to what has been 
used in pneumoconiosis [ 35 ]. Signifi cant improvement in the Muers’ score were 
seen with prednisone therapy [ 27 ] and infl iximab [ 34 ] compared to placebo. The 
Muers’ score is time consuming and others have reported that a simple comparison 
of chest X-ray before and after therapy has been useful [ 36 ,  37 ]. However, this 
method was not able to differentiate patients treated with infl iximab versus those 
treated with placebo [ 34 ]. 

 CT scanning, including high resolution CT (HRCT) imaging, has proved useful 
in identifying manifestations of sarcoidosis as well as complications of the disease 
such as bronchiectasis, fi brosis, and aspergillomas. Scoring systems for HRCT have 
been proposed [ 38 ,  39 ]. To date, no study assessing response to treatment in a sys-
tematic way of the utility of HRCT is published. 

 Positron emission tomography using fl uor-18 fl uorodeoxyglucose (  PET) scan-
ning of sarcoidosis has demonstrated that increased activity may be seen in the lungs 
with parenchymal lung disease. A negative correlation between  18 F- FDG  PET activity 
and FVC has been found [ 40 ]. Mostard et al. demonstrated that the severity of the 
pulmonary involvement, assessed by HRCT features and lung function parameters, 
appeared to be associated with PET activity in sarcoidosis [ 40 ]. The majority of 
patients with fi brotic changes demonstrated infl ammatory activity at pulmonary and 
extra-thoracic sites. In addition, improvement in lung function and PET activity in 
the lung has been shown after several treatments [ 41 ,  42 ]. 

 Finally several measures of quality of life (QOL) have been reported in the treat-
ment of sarcoidosis. For the most part, the studies have failed to show convincing 
evidence of change, but this may be due to study design. Also, many of the ques-
tionnaires are not sarcoidosis specifi c. The fatigue assessment scale (FAS) was 
developed for sarcoidosis patients [ 43 ]. Minimal clinically important differences 
have been determined for this scale [ 44 ]. The FAS scale has been shown to signifi -
cantly improve with neurostimulants [ 45 ] and neurostimulant-like [ 46 ] drugs. 

 Figures  3.1  and  3.2  summarize an approach to treating sarcoidosis. In Fig.  3.1 , 
the level of disease is determined based on pulmonary function studies and level of 
symptoms. In some cases, patients with normal pulmonary function may still have 
an advanced level of disease because of extra pulmonary disease, such as ocular or 
neurologic disease. Also, patients with symptoms and normal lung function should 
lead to investigation of alternative causes of dyspnea. These would include cardiac 
or muscle disease or complications such as pulmonary hypertension. Figure  3.2  is a 
guide to the usual therapy for each of these levels of disease.
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FVC>80% FVC 60-79% FVC<60%

No symptoms A A Look for other causes of
restriction

Mild/moderate
symptoms
And/or
Significant extra-
pulmonary disease

B B C

Oxygen
supplementation
6 minute walk <150 m

Look for
alternative causes*

C D

Significant neurologic
or cardiac disease

D D D

  Fig. 3.1    The level of disease is determined based on pulmonary function studies and level of 
symptoms. In some cases, patients with normal pulmonary function may still have an advanced 
level of disease because of extra pulmonary disease, such as ocular or neurologic disease. Also, 
patients with symptoms and normal lung function should lead to investigation of alternative causes 
of dyspnea. *Alternative causes would include cardiac or muscle disease or complications such as 
pulmonary hypertension       

Level of Disease Standard Therapy May Consider

A No treatment Inhaled corticosteroids or
NSAIDs

B Oral corticosteroids Anti-malarial drugs
Cytotoxic agents for
patients with persistent
disease or steroid
associated toxicity

C Low dose oral
corticosteroids and/or
cytotoxic therapy

Combination cytotoxic
therapy
Use of biologic agents for
patients with chronic
symptoms and/or
treatment associated
toxicity

D Anti-TNF-alpha therapy
plus cytotoxic therapy
and/or low dose
corticosteroids*  

Other biologic agents
Referral for lung transplant
if no response to therapy

  Fig. 3.2    A guide to the usual therapy for each of these levels of disease determined in Fig.  3.1 . 
*Anti   -TNF agents should be used in caution in patients with moderate to severe cardiomyopathy       
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        Individual Treatments 

  Glucocorticoids  : The most widely used treatment for sarcoidosis remains glucocor-
ticoids [ 47 ]. This is based on the observation that these drugs can be quite effective 
for the disease. In addition, several trials have demonstrated a signifi cant improve-
ment in FVC, DLCO, or chest roentgenogram [ 27 ,  48 ]. The drug has also been used 
effectively in all other manifestations of sarcoidosis, including neurologic [ 49 ], 
cutaneous [ 18 ], cardiac [ 50 ], and ocular disease [ 51 ].  

 Several case series have demonstrated that corticosteroids are the preferred fi rst 
drug for sarcoidosis patients. The overall frequency of initial corticosteroid therapy 
use is about 50 %, but varies from 30 to 80 % (Fig.  3.3 ) [ 20 ,  52 – 54 ]. In addition, 
some underlying conditions may be more likely to treat with corticosteroids. For 
example, neurological and cardiac involvement is almost always treated initially 
with corticosteroids. In one report of a large sarcoidosis population in the USA, the 
most common reason to use corticosteroid therapy was cardiac disease, while lung 
disease was the third most common, even though the overall prevalence of pulmo-
nary disease was 18 times higher than cardiac disease [ 19 ]. For patients with cardiac 
or neurologic disease, a combination of corticosteroids and cytotoxic agents (such 
as MTX or azathioprine) are often used for initial therapy, although there is no spe-
cifi c trial demonstrating superiority of this approach over corticosteroids alone.

   A bigger question is what dose to begin therapy. The usual dose is 20–40 mg a 
day. Tapering of corticosteroids is often over a prolonged period. One group did 
demonstrate a more rapid response to lower doses of prednisone and usually tapered 
over 2–6 weeks. However, this was more for an acute decompensation of the disease, 
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not for standard management of the underlying condition. Figure  3.4  demonstrates 
the average daily prednisone dosage from one study comparing MTX to placebo for 
acute pulmonary sarcoidosis. The dose of prednisone was reviewed every 1–2 
months, but signifi cant reduction was not seen until 6 months of therapy. After that 
point, half of the placebo patients required an increase in their prednisone dosage.

   The approach to reduction of prednisone is almost as variable as the initial dose. In 
one multicenter trial, a steroid-tapering regimen was proposed and was able to be 
applied to over 80 % of visits. A modifi ed version of this schedule evaluates the patient 
after the fi rst 6–8 weeks of therapy. If the patient has improved, the dose of prednisone 
is halved. If the patient is stable, the dose is not changed for another 6–8 weeks. At the 
next and all subsequent visits, the dose is halved if the patient is stable or improved. If 
the patient relapses, the dose is doubled. For patients in whom the dose cannot be kept 
below 10 mg within 4–6 months, a steroid sparing alternative is added. 

 Unfortunately, once a patient begins corticosteroids, they may require long-term 
treatment. Figure  3.3  also demonstrates the percentage of patients who require long- 
term therapy in four large studies [ 20 ,  52 – 54 ]. These studies highlight that there is 
a subset of patients with chronic disease who are often considered for steroid spar-
ing agent. These would be for patients with level B, C, or D symptoms. At most 
sarcoidosis centers, these patients represent the majority of patients who are still 
being followed 2–5 years after their initial diagnosis [ 55 ]. 

 The toxicity of prednisone includes weight gain, mood swings, diabetes, cata-
racts, glaucoma, acne, and increased bruising. Osteopenia and osteoporosis are par-
ticular problems with long-term glucocorticosteroid use. Guidelines for preventing 
osteoporosis have been proposed by the American College of Rheumatology. These 
include supplemental calcium and vitamin D for sarcoidosis patients; there is an 
increased rate of hypercalcemia and hypercalcuria based on autonomous 1-alpha 
hydroxylase activity in the granulomas and increased levels of 1,25-diOH-vitamin 
D3, especially in patients with chronic sarcoidosis [ 56 ]. Therefore, modifi cations of 
the ACR recommendations have been made and are summarized in Table  3.3  [ 57 ].
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    Methotrexate  : This drug is the most commonly prescribed steroid-sparing cytotoxic 
agent for chronic sarcoidosis [ 47 ]. Initial reports suggested approximately two-
thirds of patients will respond to the drug after 6 months of therapy [ 58 ]. It has been 
shown to be steroid sparing as compared to placebo in a double blind placebo-
controlled trial [ 59 ]. The drug has been reported as effective in pulmonary [ 58 ], 
cutaneous [ 60 ], ocular [ 51 ], and neurologic disease [ 49 ]. Guidelines for MTX dos-
age and monitoring have mostly derived from those developed for rheumatoid 
arthritis and psoriasis. However, since bone marrow involvement is common in 
sarcoidosis [ 61 ], the dose used in sarcoidosis is often only 10–15 mg a week. In 
some cases, we have used as little as 2.5 mg a week in patients with signifi cant 
leukopenia due to their sarcoidosis. In addition, liver involvement is common in 
sarcoidosis. Surveillance liver biopsies have been performed in sarcoidosis patients 
on prolonged courses of MTX [ 62 ]. However, it appears that routine liver function 
testing can be useful to detect potential MTX hepatotoxicity. This is especially true 
with changes in the transaminase levels over time. Folic and folinic acid supple-
mentation may be useful to reduce MTX toxicity [ 63 ,  64 ]. Dosage and evidence-
based recommendations for monitoring while prescribing MTX is provided in 
Table  3.4 . These recommendations have been adapted from those made by an expert 
panel [ 65 ].

  Table 3.3    Recommendations 
regarding osteoporosis 
prevention for sarcoidosis 
patients on chronic 
corticosteroid therapy  

 • Obtain baseline bone density 
 • Check serum calcium and 25-OH and 1,25-di[OH]-vitamin 

D3 levels 
 • If bone density normal 

 – Serum calcium and 1,25-di[OH] low 
 (a) Calcium and vitamin D supplement 

 –  Serum calcium normal and 1,25- di[OH] normal 
or elevated 
 (b) Calcium supplement alone 

 –  Serum calcium elevated or history of hypercalcemia 
or hypercalcuria a  
 (c) No calcium or vitamin D supplement 

 • If bone density low treat with bisphosphonate and 
 – Serum calcium and 1,25-di[OH] low 

 (a) Calcium and vitamin D supplement 
 –  Serum calcium normal and 1,25- di[OH] normal or 

elevated 
 (b) Calcium supplement alone 

 –  Serum calcium elevated or history of hypercalcemia 
or hypercalcuria a  
 (c) No calcium or vitamin D supplement 

  Adapted from Sweiss et al. [ 57 ] 
  a  Patients with history of nephrocalcinosis should have 24-h 
urine to look for hypercalcuria  

R.P. Baughman and M. Drent
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     Azathioprine  : The cytotoxic agent azathioprine was most frequently used as a 
steroid-sparing agent for solid organ transplantation. It had been reported as effec-
tive for pulmonary sarcoidosis [ 66 ]. It has been used as an alternative to MTX in 
chronic sarcoidosis. Some groups use the agent because of familiarity with the drug 
[ 47 ]. Since azathioprine has less hepatotoxicity than MTX, it is often used in treating 
symptomatic hepatic disease [ 67 ,  68 ]. It also may be an alternative agent for patients 
who develop pulmonary toxicity from MTX. It is associated with a higher frequency 
of nausea and leukopenia than MTX [ 69 ] and therefore is not a likely candidate 
when those complications rise from MTX treatment. Azathioprine is associated with 
an increased rate of skin cancers and infections [ 70 ]. In a recent trial of idiopathic 
pulmonary fi brosis, azathioprine therapy was associated with an increased mortality 
compared to placebo treated patients [ 71 ]. Dosage and evidence-based recommen-
dations for monitoring while prescribing azathioprine is provided in Table  3.4 . These 
recommendations have been adapted from those made by an expert panel [ 65 ].  

  Lefl unomide  : Developed as an alternative to MTX for rheumatoid arthritis [ 72 ], 
lefl unomide has been reported as effective in treating chronic sarcoidosis [ 73 ,  74 ]. 
In one series, treatment was associated with a signifi cant improvement in forced 
vital capacity compared to pretreatment values [ 73 ]. While the drug has similar 
toxicity as MTX, the frequency of nausea is less. In addition, pulmonary toxicity is 
much less frequent with lefl unomide, although it can still occur [ 75 ]. Lefl unomide 
is associated with systemic hypertension and peripheral neuropathy [ 75 ,  76 ], toxici-
ties not associated with MTX. Dosage and evidence-based recommendations for 
monitoring while prescribing lefl unomide is provided in Table  3.4 . These recom-
mendations have been adapted from those made by an expert panel [ 65 ].  

  Mycophenolate  : While not as commonly used as other cytotoxic agents, mycophe-
nolate appears to be effective at least in some patients with chronic sarcoidosis. It 
has been reported in small case reports as effective in treating cutaneous [ 77 ], ocular 
[ 78 ], and neurologic disease [ 79 ]. While the drug has not been used that frequently 
in sarcoidosis, it appears to have some advantages over other cytotoxic agents. This 
includes a lower rate of leukopenia, an important issue in sarcoidosis patients who 
may have bone marrow involvement from the underlying disease [ 61 ,  80 ]. There is 
an increased rate of infection and cutaneous malignancies similar to that seen with 
azathioprine [ 81 ,  82 ]. Dosage and evidence-based recommendations for monitoring 
while prescribing mycophenolate is provided in Table  3.4 . These recommendations 
have been adapted from those made by an expert panel [ 65 ].  

  Antimalarial agents  : Chloroquine and hydroxychloroquine represent the two anti-
malarial drugs that have been used in treating sarcoidosis [ 6 ,  83 ]. These agents have 
been reported as effective in both cutaneous and pulmonary disease. These drugs 
appear to be more effective for cutaneous than pulmonary disease [ 6 ,  84 ]. However 
one study did fi nd chloroquine was superior to placebo in treating patients with 
chronic pulmonary disease [ 85 ]. The major toxicity of these drugs is ocular and 
routine eye examinations are recommended for both agents [ 86 ]. Hydroxychloroquine 
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is associated with low risk of ocular toxicity, especially when low doses that are 
adjusted for patient’s weight are employed [ 87 ]. However, eye examinations on a 
regular basis should still be considered [ 88 ]. Dosage and evidence based recom-
mendations for monitoring while prescribing the antimalarial agents is provided in 
Table  3.4 . These recommendations have been adapted from those made by an expert 
panel [ 65 ].   

    Tumor Necrosis Factor Inhibitors 

 Tumor necrosis factor (TNF) was found to be secreted in high levels from alveolar 
macrophages of some patients with sarcoidosis [ 89 ]. Alveolar macrophages from 
patients with chronic sarcoidosis with worsening disease despite corticosteroid 
therapy still released high levels of TNF [ 90 ]. These observations suggested that 
inhibition of TNF may be a target of therapy in sarcoidosis patients [ 91 ]. When the 
chimeric monoclonal anti-TNF antibody infl iximab became available for clinical 
use, there were a large number of case series demonstrating the effectiveness of 
some of these drugs in refractory sarcoidosis [ 92 – 94 ]. These drugs proved effective 
for cutaneous lesions, such as lupus pernio [ 95 ], neurologic [ 96 ], and other forms of 
refractory disease [ 97 ,  98 ]. Subsequently, two double-blind placebo were per-
formed. Both of these found infl iximab was superior to placebo in treating refrac-
tory pulmonary disease [ 2 ,  99 ]. In the larger of these studies, infl iximab treatment 
was also superior to placebo in treating extra pulmonary disease [ 100 ]. Dosage and 
evidence-based recommendations for monitoring for infl iximab and adalimumab 
are provided in Table  3.5 . These recommendations have been adapted from those 
made by an expert panel [ 65 ].

   Examining the various reports regarding the use of TNF-alpha inhibitors for sar-
coidosis, guidelines have been proposed (Table  3.6 ) [ 101 ]. Analysis of the two ran-
domized trials using infl iximab for pulmonary sarcoidosis provides some insight 
regarding who is more likely to respond to treatment. However, these two studies 
have some major differences. The study led by Rossman included only 19 patients. 
Analysis was performed after only 6 weeks of therapy. The study led by Baughman 
consisted of 138 patients. Analysis was performed after 24 weeks of therapy. In the 
larger randomized trial comparing infl iximab to placebo, the median FVC was 
69 %. Subgroup analysis of response to infl iximab found that those patients with a 
FVC > 69 % had no signifi cant response to infl iximab therapy compared to placebo, 
while there was signifi cantly larger response for those whose FVC was less than 
69 % [ 2 ]. In the other randomized trial, there was an even larger response to infl ix-
imab compared to placebo (Fig.  3.5 ). The median FVC for that study was 60 % [ 99 ]. 
These studies support the concept that more severe patients are more likely to 
respond to therapy.

    Not all patients with chronic pulmonary sarcoidosis will respond to infl iximab 
therapy [ 102 ]. There is little evidence to support that these drugs would be effective 
for patients with severe fi brosis [ 23 ]. There have been two markers which were 
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identifi ed retrospectively from a randomized trial of patients with treated with inf-
liximab. An elevated C reactive protein (CRP) was associated with a signifi cantly 
higher rate of response to infl iximab compared to control [ 103 ]. Patients with retic-
ulonodular infi ltrates on chest roentgenogram were also more likely to respond to 
therapy [ 34 ]. That study also identifi ed a infl ammatory profi le which was associated 
with an enhanced response to therapy [ 104 ]. These markers need to be studied pro-
spectively before they can be applied in standard practice. 

 Anti-TNF therapy has been employed in refractory extra pulmonary disease as 
well. In one study, the overall response of extra-pulmonary disease responded better 
to infl iximab compared to placebo [ 100 ]. That study employed a physician assess-
ment of each organ and comparisons were made before and after therapy. Specifi c 
organ involvement has also been reported. In a study of over a hundred treatment 
regimens for patients with  lupus pernio , Stagaki et al. found that infl iximab was 
associated with signifi cantly higher rate of resolution or near completed rate of 
resolution compared to any other regimen employed [ 18 ]. In patients with 

   Table 3.6    Features predictive of response to anti-TNF therapy for chronic sarcoidosis   

 Feature  Response  Studies 

 FVC < 70 %  Increased response compared 
to placebo of 3.3 a  to 5.9 % 

 Baughman et al. [ 2 ] 
 Rossman et al. [ 99 ] 

 Dyspnea > 1 on Medical 
Research Council scale 

 Increased response to compared 
to placebo 3.8 % b  

 Baughman et al. [ 2 ] 

 Disease duration > 2 years  Increased response to compared 
to placebo 3.2 % a  

 Baughman et al. [ 2 ] 

 Elevated C reactive protein  Increased response to compared 
to placebo 5.1 % b  

 Sweiss et al. [ 103 ] 

 Reticulonodular infi ltrate 
on chest X-ray 

 Patients with >5 % improvement 
in FVC after treatment: 

 Infl iximab: 47 % 
 Placebo: 11 % a  

 Baughman et al. [ 34 ] 

 Lupus pernio  Resolution or near resolution 
of skin lesions: 

 Infl iximab 77 % 
 All other regimens: 29 % c  

 Stagaki et al. [ 18 ] 

 Neurologic disease  Patients failing other regimens 
all responded 

 Moravan [ 79 ] 
 Sodhi [ 105 ] 

 Chronic ocular disease  Patients failing other regimens responded 
to either adalimumab or infl iximab 

 Baughman [ 106 ] 
 Baughman [ 51 ] 
 Erckens [ 107 ] 

 Extra pulmonary sarcoidosis  Patients with chronic extra pulmonary 
disease more likely to improve with 
infl iximab than placebo based on 
physician organ specifi c assessment c  

 Judson [ 100 ] 

   a Compared to placebo,  p  < 0.05 
  b Compared to placebo,  p  < 0.02 
  c Compared to placebo,  p  < 0.002  
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refractory neurosarcoidosis failing other regimens, two case series reported 
responses in all patients treated with infl iximab [ 79 ,  105 ]. For ocular sarcoidosis, 
both infl iximab [ 51 ,  106 ] and adalimumab [ 51 ,  107 ] have been reported as success-
ful in treating patients who have failed other regimens.  

    Other Agents 

 Rituximab has been reported as effective in treating refractory cases of sarcoidosis. 
These include joint and eye disease [ 108 ,  109 ]. It is a monoclonal antibody which 
leads to B cell depletion and has proved useful in treating refractory rheumatoid 
arthritis [ 110 ]. It has a signifi cantly different toxicity profi le than the TNF-alpha 
inhibitors. Dosage and evidence-based recommendations for monitoring while 
administering rituximab is provided in Table  3.5 . These recommendations have 
been adapted from those made by an expert panel [ 65 ]. 

 The phosphodiesterase 4 (PDE-4) inhibitors have been reported as effective in 
some cases of sarcoidosis. These drugs inhibit TNF release by alveolar macrophages 
[ 111 ,  112 ]. Pentoxifylline was the fi rst drug in this class reported as effective in 
treating sarcoidosis [ 113 ]. In a randomized, placebo-controlled trial, pentoxifylline 
was steroid sparing compared to placebo, but was not associated with signifi cant 
improvement in lung function [ 5 ]. Aprelimast is a more selective PDE-4 inhibitor. 
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  Fig. 3.5    The mean change in FVC compared to placebo after 6 weeks (Rossman) or 24 weeks 
(Baughman) of therapy [ 2 ,  99 ]. For Baughman study, the study median was 69 %. For those 
patients whose pretreatment FVC was less than 69 %, there was a signifi cant change in FVC com-
pared to placebo ( p  < 0.05)       
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In an open label trial of chronic cutaneous sarcoidosis, it was shown to be effective 
[ 114 ]. The major toxicity of this class of drugs has been nausea and tachycardia. 

 The antioxidants may have a role in treating some patients with sarcoidosis. 
Quercetin has been shown to reduce oxidant stress in sarcoidosis patients [ 115 ]. Its 
role in improving outcome in sarcoidosis is currently under study. Another antioxi-
dant,  N -acetyl cysteine (NAC), has been suggested as a potential treatment for pul-
monary fi brosis. This was based on its effectiveness as a supplemental agent to 
azathioprine in patients with idiopathic pulmonary fi brosis [ 116 ]. The effectiveness 
of NAC in the treatment of sarcoidosis is also under study.  

    Special Considerations in Sarcoidosis 

 There are several clinical problems associated with sarcoidosis which do not always 
respond to just anti-infl ammatory therapy. These conditions may respond to specifi c 
therapy for these complications. However, that specifi c therapy may not be effective 
for other aspects of the disease. Examples of this include sarcoidosis associated 
pulmonary hypertension, fatigue, and small fi ber neuropathy. For all three of these 
conditions, alternative therapies have been reported as effective. 

 Sarcoidosis-associated pulmonary hypertension (SAPH) can occur in 5–15 % of 
unselected sarcoidosis patients an up to 50 % of persistently dyspneic sarcoidosis 
patients [ 10 ,  117 ,  118 ]. As noted in Fig.  3.1 , SAPH can lead to hypoxia and/or sig-
nifi cant dyspnea in patients with normal pulmonary function studies and no evi-
dence of parenchymal lung disease. Diagnosis and treatment of this condition will 
be discussed elsewhere in this book. 

 Signifi cant fatigue associated with sarcoidosis has been reported in over half of 
patients [ 119 – 121 ]. It may occur for years after all other evidence of disease activity 
has resolved [ 122 ]. In some cases, the fatigue may be due to sleep disturbances, 
which are common in sarcoidosis [ 123 ,  124 ]. In some cases, treatment of the under-
lying disease with TNF inhibitors has improved fatigue [ 125 ]. Neurostimulants 
have been reported as useful in treating sarcoidosis associated fatigue (SAF) [ 126 ]. 
Specifi c pharmacologic treatment for SAF has been studied using double blind, 
crossover design studies. The neurostimulant  d -methylphenidate was found to be 
superior to placebo in treating SAF [ 45 ]. In that study, patients were receiving one 
or more systemic therapy for their sarcoidosis but still had clinically signifi cant 
fatigue. In another report, r-modafi nil was found to be superior to placebo in treating 
SAF [ 46 ]. That study found that there was no difference in improvement for fatigue 
in those patients with daytime hypersomnulence    versus those without, as assessed 
by multiple sleep latency time. This would suggest these neurostimulants work for 
fatigue in patients with or without sleep disturbance. 

 Small fi ber neuropathy is a clinical problem encountered in sarcoidosis [ 127 ]. 
Intravenous immunoglobulin therapy was reported as effective in a small case series 
[ 128 ]. A recent report suggests that ARA 290 may provide a novel solution to this 
problem [ 129 ]. 
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 Recently, Heij et al. demonstrated in a pilot study that ARA 290 reduced small 
fi ber neuropathy-related symptoms including fatigue, autonomic dysfunction, and 
pain. ARA 290 (a peptide designed to activate the innate repair receptor that arrests 
injury and initiates cytoprotection, anti-infl ammation, and healing) reduces allo-
dynia in preclinical neuropathy models. Moreover, they found a signifi cant improve-
ment from baseline in the pain and physical functioning dimensions of the SF-36 
QOL questionnaire [ 129 ].  

    Conclusion 

 While not all patients with sarcoidosis require treatment, a signifi cant percent of 
patients do require systemic therapy. An approach to treatment based on lung func-
tion and other relevant clinical parameters including and the level of symptoms (see 
also Fig.  3.1 ) can lead to a step wise approach to therapy (Fig.  3.2 ). In patients 
placed on systemic therapy, the treating physician must monitor for toxicity.     
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    Abstract     Sarcoidosis patients frequently experience an acute exacerbation of pul-
monary sarcoidosis (APES). Despite the frequent occurrence of APES, there is a 
paucity of information regarding its defi nition, diagnostic criteria, diagnosis, and 
treatment. APES is a signifi cant clinical problem that adversely affects the quality 
of life of sarcoidosis patients. We propose the following clinical criteria for the 
diagnosis of APES: the development or worsening of pulmonary symptoms over at 
least a 1-month period in patients with known sarcoidosis that cannot be not 
explained by an alternative cause, combined with a decline in spirometry (≥10 % 
from previous baseline FVC and/or FEV1). Risk factors for APES include previous 
treatment with corticosteroids, Black race, and fi brocystic sarcoidosis. The patho-
genesis of APES may involve direct or indirect effects of pulmonary granulomatous 
infl ammation. Although relatively low-dose corticosteroid (20 mg of daily predni-
sone equivalent) for a relatively short time (3 weeks duration) is usually adequate to 
resolve APES, the corticosteroid tapering schedule and the prognosis of APES are 
unknown. We believe that further attention to APES will improve the quality of life 
of sarcoidosis patients.  

  Keywords     Sarcoidosis   •   Pulmonary exacerbation   •   Defi nition   •   Risk factors   • 
  Diagnosis   •   Differential diagnosis   •   Treatment   •   Corticosteroids  
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   Abbreviations 

  APES    Acute pulmonary exacerbation of sarcoidosis   
  ART    Antiretroviral therapy   
  CT    Computed tomography   
  HIV    Human immunodefi ciency virus   
  HLA    Human leukocyte antigen   
  INF    Interferon   
  SAPH    Sarcoidosis-associated pulmonary hypertension   
  TNF    Tumor necrosis factor   

         Introduction 

 Sarcoidosis is a multisystem granulomatous disease of unknown etiology. The his-
topathologic hallmark of the disease is the presence of noncaseating granulomas in 
various organs. The lung is the most common organ involved with sarcoidosis [ 1 ]. 

 The clinical course of patients with pulmonary sarcoidosis is often problematic 
to predict. Some patients present with acute, self-limited disease that resolves in 
months to a few years after diagnosis. When anti-sarcoidosis treatment is tapered or 
withdrawn, granulomatous infl ammation may recur and patients can experience 
acute pulmonary exacerbations of sarcoidosis (APES). APES may also develop 
spontaneously in patients diagnosed with sarcoidosis but not previously treated [ 2 ]. 

 In this chapter we discuss a proposed defi nition, potential pathophysiologic 
mechanisms, risk factors, diagnostic criteria, and treatment of APES. It should be 
made clear that all of these issues are conjectural and have not been clearly resolved.  

   Defi nition and Diagnostic Criteria 

   Defi nition 

 There is no universally accepted defi nition of APES. Although several descriptions 
of sarcoidosis exacerbations have been reported, most have not focused specifi cally 
on lung involvement. We believe that APES should be defi ned as the development 
of new or worsening granulomatous infl ammation from sarcoidosis that causes sig-
nifi cant pulmonary symptoms.  

   Diagnostic Criteria 

 Several combinations of the following criteria have been used to diagnose APES 
and/or exacerbations of extrapulmonary sarcoidosis: (1) worsening of symptoms 
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severe enough to warrant treatment [ 3 ]; (2) decline in pulmonary function[ 4 – 7 ]; (3) 
increase in biomarkers of disease activity [ 2 ,  7 ]; and (4) exclusion of other diagnosis 
responsible for symptoms and pulmonary dysfunction [ 5 ,  6 ]. 

 We propose the following diagnostic criteria for APES: worsening of pulmonary 
symptoms in patients with known sarcoidosis that cannot be not explained by an 
alternative cause, combined with a decline in spirometry (≥10 % from previous 
baseline forced vital capacity (FVC) and/or forced expiratory volume in 1 s (FEV1)). 
The pulmonary symptoms should be present for at least 1 month. The 1-month 
timeframe, although arbitrary, is useful to differentiate APES from other common 
causes of pulmonary symptoms with an abrupt onset such as bronchitis or asthma. 
The specifi c decline in spirometry is also arbitrary, and we acknowledge that milder 
declines in spirometry could occur in patients experiencing pathophysiologic 
derangements identical to APES. We chose this specifi c spirometric cutoff in order 
to develop criteria with adequate specifi city for the diagnosis, as lesser declines in 
spirometry could also commonly occur in patients experiencing infectious bronchi-
tis, upper respiratory tract infections, and other pulmonary processes other than 
APES. Our diagnostic criteria are not contingent on whether or not the patient has 
been receiving anti-sarcoidosis therapy. In addition, it should be noted that our pro-
posed diagnostic criteria are not synonymous with our defi nition of APES. We 
believe that our diagnostic criteria have a high sensitivity and specifi city for APES. 
However, this remains to be determined.   

   Epidemiology/Risk Factors 

 The prevalence and incidence of APES have not specifi cally studied. Extrapolating 
from retrospective cohorts of sarcoidosis patients, the estimated frequency of APES 
is between 13 and 75 % [ 3 ,  4 ,  7 ,  8 ]. This wide variation is the result of differences 
in the diagnostic criteria of APES, treatment regimens, and length of the follow-up. 
In addition, these rates are not adjusted for sex, ethnicity, or race. Finally, these 
cohorts were reported from tertiary institutions, and, therefore, the above rates may 
not be representative of the general population of sarcoidosis patients. 

 Table  4.1  describes risk factors for APES. Most of these risk factors have been 
extrapolated from studies concerning relapses of sarcoidosis in general, irrespective 
of the organ involved. Blacks are thought to be at higher risk for exacerbations than 
Whites [ 3 ,  9 ]. Female sex and older age are also associated with relapses [ 3 ,  4 ]. 
Certain clinical manifestations of the disease infl uence the probability of exacerba-
tions. Longer disease duration, extrapulmonary disease, and fi brocystic pulmonary 
disease have been identifi ed as risk factors for APES [ 3 ,  4 ,  7 ,  8 ,  10 ].

   Corticosteroid treatment has been implicated as a risk factor for APES. 
Retrospective studies have shown that sarcoidosis patients receiving corticosteroids 
are more likely to have relapses, including APES, when therapy has been tapered or 
withdrawn [ 3 ,  10 ]. In addition, patients who suffered sarcoidosis exacerbations 
including APES received statistically signifi cant higher doses of corticosteroids 
compared to patients who did not have relapses [ 7 ]. Although this could be explained 
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by the fact that patients treated with corticosteroids have more severe forms of dis-
ease which made them more prone to relapse, it is possible that treatment per se may 
be responsible for APES. 

 Interferon-α (INF-α) therapy has triggered APES in patients with sarcoidosis 
[ 12 ,  13 ]. This phenomenon is not surprising as INF-α stimulates T cells to produce 
interferon-γ that is known to promote granulomatous infl ammation [ 25 ]. These 
cases usually occur between 1 and 9 months after the initiation of treatment, but 
have been described as far out as 2 years [ 26 ]. 

 Sarcoidosis exacerbations and APES have been described following initiation of 
antiretroviral therapy (ART) for human immunodefi ciency virus (HIV) infection 
[ 15 ,  27 ,  28 ]. In addition, new onset sarcoidosis has developed after initiation of 
ART [ 29 ,  30 ]. It is postulated that these phenomena represent a form of immune 
reconstitution syndrome where ART increases the population of CD4+ lympho-
cytes that heightens the granulomatous response [ 30 ]. 

 Recurrence of pulmonary sarcoidosis may develop in the lung allograft after 
lung transplantation for end-stage pulmonary sarcoidosis [ 18 – 21 ,  31 – 38 ]. These 
episodes are usually asymptomatic and the diagnosis is typically confi rmed via 
detection of granulomas on transbronchial biopsies performed as surveillance for 
lung rejection [ 21 ,  31 ,  38 ]. This condition often improves spontaneously or with 
escalation of immunosuppressive therapy in symptomatic patients [ 20 ,  21 ,  31 ,  34 ]. 
Recurrent sarcoidosis usually occurs within 15 months after lung transplantation 
[ 20 ], but it has been described within 100 days and as long as 56 months [ 31 ,  37 ]. 

   Table 4.1    Risk factors for APES   

 Risk factors 
 Strength 
of association 

 Black race vs. white race [ 3 ,  9 ]  +++ 
 Longer disease duration (median = 33 months vs. median = 12 months) [ 10 ]  +++ 
 Female vs. male sex [ 3 ]  + 
 Older age [ 4 ]  + 
 Musculoskeletal sarcoidosis at presentation [ 3 ]  + 
 Calcium disorder, cardiac disease, or neurologic disease secondary to sarcoidosis [ 10 ]  + 
 Extrapulmonary sarcoidosis [ 7 ]  + 
 Fibrocystic pulmonary sarcoidosis [ 4 ,  8 ]  ++ 
 The presence or worsening of pulmonary symptoms [ 3 ,  10 ]  ++ 
 Treatment with corticosteroids [ 3 ,  10 ,  11 ]  +++ 
 Treatment with anti-sarcoidosis medications other than corticosteroids [ 10 ]  + 
 Treatment with higher doses of corticosteroids 

(mean = 17 mg vs. mean 11 mg of daily prednisolone) [ 7 ] 
 + 

 Interferon-α therapy [ 12 – 14 ]  ++ 
 ART [ 15 – 17 ]  ++ 
 Post lung transplant[ 18 – 21 ]  + 
 Treatment with tumor necrosis factor alpha antagonists ( usually etanercept) [ 22 – 24 ]  + 

  ART, antiretroviral therapy; +, some association; ++, moderate association; +++, strong association 
 Adapted with permission from Panselinas E, Judson MA. Acute pulmonary exacerbations of 
sarcoidosis. Chest. 2012;142(4):827–36  
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 Finally, APES has been described after treatment with tumor necrosis factor 
alpha (TNF-α) antagonists. Most reported cases have been associated with etaner-
cept [ 22 – 24 ,  39 ] which, in contrast to infl iximab, is not usually effective for the 
treatment of sarcoidosis [ 40 ]. However, new onset intrathoracic sarcoidosis has also 
been described after treatment with infl iximab for rheumatoid, psoriatic arthritis, 
and ankylosing spondylitis [ 41 – 43 ]. It is presumed that TNF-α antagonists cause 
CD4+ Th1 cell proliferation in the peripheral blood and thereby stimulate 
interferon-γ production [ 23 ,  44 ].  

   Pathogenesis 

 Our defi nition of APES assumes that it is the result of recurrent or increased granu-
lomatous infl ammation within the lung. Granulomas in sarcoidosis are thought to 
result from the interaction of an antigen with the immune system [ 1 ]. It is postulated 
that the antigen(s), presently unknown, is engulfed by antigen-presenting cells and 
subsequently presented to CD4+ lymphocytes via human leukocyte antigen (HLA) 
class II molecules. The interplay of the antigen, HLA II molecules, and T-cell recep-
tors leads to the polarization of naïve T lymphocytes to the Th1 phenotype, the pro-
duction of cytokines, and the recruitment of infl ammatory cells which result in 
granuloma formation [ 45 ]. It has been postulated that granulomatous infl ammation 
in sarcoidosis is necessary to clear the antigen [ 46 ]. If this theory is correct, it is 
plausible that effective anti-sarcoidosis therapy may resolve granulomatous infl am-
mation that may lead to failure of clearance of the putative sarcoidosis antigen(s). In 
this scenario, when treatment is withdrawn, the antigen may still present which may 
lead to recurrent granulomatous infl ammation, and, therefore, relapse [ 47 ]. This 
schema is supported by the aforementioned data that relapse of sarcoidosis is more 
common in sarcoidosis patients previously treated for sarcoidosis [ 3 ] or with higher 
doses of corticosteroids [ 7 ]. In addition, this concept is consistent with the premise 
that anti-sarcoidosis treatment improves granulomatous infl ammation but does not 
alter the natural course of the disease [ 11 ,  46 ,  48 – 52 ]. APES may occur by alterna-
tive mechanisms such as by exposure to the same or a different antigen after com-
plete clearance of a previous antigen that triggered the initial granulomatous response. 

 In addition, APES could possibly occur by mechanisms only indirectly related to 
the granulomatous infl ammation from sarcoidosis. Sarcoidosis patients have an 
increased prevalence of bronchial hyperresponsiveness, probably related to granu-
lomatous infl ammation in the airway [ 53 ,  54 ]. Therefore, a proportion of APES 
patients may develop symptoms because of bronchospasm [ 47 ]. We have observed 
sarcoidosis patients with APES who responded to an escalation of corticosteroid 
treatment within 48 h. This rapid response might be too rapid for the downregula-
tion of the granulomatous infl ammation, suggesting the possibility of bronchospasm 
or other non-granulomatous mechanisms as the cause of APES [ 47 ].  
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   Diagnostic Algorithm 

 An algorithm for the diagnosis of APES is proposed in Table  4.2  and will be dis-
cussed in this section. As mentioned, the diagnostic criteria for APES have not been 
clearly established. Our proposed diagnostic criteria require worsening pulmonary 
symptoms, worsening of lung function, and the exclusion of other alternative causes 
for these fi ndings. Of these three criteria, only the exclusion of alternative diagnoses 
is problematic for the clinician. This may be problematic because the symptoms and 
signs of APES are not specifi c and, therefore, it is problematic to differentiate APES 
from several alternative diseases. In some cases, the differentiation between APES 
and acute asthma or viral-induced bronchospasm is impossible on clinical grounds 
and both conditions may need to be treated concomitantly [ 55 ]. Fortunately, in 
many of these instances, the treatment of these conditions is similar. Table  4.3  
describes several conditions that may mimic the clinical presentation of APES.

    Cough is the most common symptom of APES, being present in 90 % of patients 
in one series [ 6 ]. In fact, the absence of cough raises suspicion that the patient is not 
experiencing APES. Other common symptoms of APES include dyspnea and 
wheeze, whereas constitutional symptoms such as fever and night sweats are less 
common [ 6 ]. APES may occur in patients who had only extrapulmonary manifesta-
tions of sarcoidosis previously [ 3 ]. 

 Spirometry is mandatory for the diagnosis of APES based on our proposed diag-
nostic criteria. Patients may develop pulmonary symptoms suggestive of APES, 
have no evidence of an alternative cause for these fi ndings but fail to meet our pro-
posed spirometric diagnostic criteria for APES. Although such patients fail to fulfi ll 
our criteria for APES, they may have a disorder pathophysiologically identical (fail-
ure to meet the diagnostic criteria represents a “false negative”) and, as such, could 
be considered for treatment of APES (scenario 8, Table  4.3 ). 

 The typical chest imaging fi ndings of APES include parenchymal lung nodules 
1–5 mm in diameter with perilymphatic distribution [ 55 ,  56 ]. It is important to note 
that these imaging fi ndings are often not present with APES, especially if the chest 
radiography is performed. In fact, in a study of patients with APES, chest radio-
graphs showed improvement or no change (51 %) in parenchymal infi ltration in 
terms of ILO perfusion scores more frequently than they showed worsening (49 %) 
[ 5 ]. Nonetheless, chest radiographs should be performed routinely as part of an 
evaluation for APES, not to diagnose the condition but to exclude other alternative 
diagnoses (e.g., pneumonia, pulmonary edema). 

 Chest computed tomography (CT) is more sensitive than the chest radiograph to 
detect parenchymal abnormalities in patients with sarcoidosis. However, chest CT 
exposes patients to signifi cant radiation, especially if it is performed serially [ 57 ]. 
Therefore, we do not recommend chest CT as a routine test in patients with APES. 
Chest CT may be useful when the chest radiograph is normal and APES is sus-
pected in clinical grounds. Sarcoidosis has recently found to be associated with an 
increased risk of pulmonary embolism [ 58 ], and chest CT angiography may also be 
useful in selected patients. 
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 APES is a clinical diagnosis that usually does not require pathological confi rma-
tion. Therefore, bronchoscopy with bronchoalveolar lavage and/or transbronchial 
biopsy is not typically required to diagnose APES. These procedures may be indi-
cated if the probability of APES is low or the risks of empiric corticosteroid therapy 
are signifi cant (e.g., signifi cant probability of infection, the patient has comorbid 
conditions such that empiric corticosteroid use would place the patient at a signifi -
cant health risk). 

 Because sarcoidosis is a systemic disease, APES frequently occurs concomi-
tantly with development or relapse of extrapulmonary sarcoidosis. APES is rare in 
patients currently treated with a prednisone equivalent >10 mg/day [ 6 ]. Therefore, 
an alternative diagnosis should be seriously considered when a patient is receiving 
such doses of corticosteroids. 

 The diagnostic algorithm underscores the fact that when there is a high probabil-
ity of APES, empirical therapy should be started and the patient should be followed 
closely to detect a response (scenarios 1–3). Because APES usually responds to 
corticosteroids within 3 weeks [ 6 ], we recommend evaluating the patient after 1 
month for a response in terms of symptoms and spirometry [ 47 ]. When the proba-
bility of APES is intermediate, the patient may still be treated, provided the risk of 
signifi cant corticosteroid complications is low and alternative diagnoses (i.e., infec-
tion, heart disease) are unlikely. Otherwise, further testing to exclude alternative 
diagnoses may be appropriate. Patients who are empirically treated for APES and 
do not respond within 1 month may also need such additional procedures [ 47 ].  

   Treatment 

 Corticosteroids are the cornerstone of treatment for pulmonary sarcoidosis. The 
initial corticosteroid dose is controversial [ 59 ]. The American Thoracic Society/
European Respiratory Society/World Association of Sarcoidosis and Other 
Granulomatous Diseases (WASOG) consensus statement recommends a starting 
dose of 20–40 mg/day prednisone equivalent for the treatment of pulmonary 

    Table 4.3    Differential 
diagnosis of sarcoidosis  

  Alternative conditions  
 Pneumonia/bronchitis 
 Tuberculosis 
 Airway hyperresponsiveness/asthma 
 Acute decompensation of congestive heart failure 
 Pulmonary embolism 
 Ischemic heart disease 
 Cardiac sarcoidosis 
 Sarcoidosis-associated pulmonary hypertension 
 Psychogenic 
 Steroid myopathy 
 Sarcoidosis associated fatigue 

  Adapted with permission from Panselinas E, Judson MA. Acute pul-
monary exacerbations of sarcoidosis. Chest. 2012;142(4):827–36  
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sarcoidosis [ 1 ]. Corticosteroids have also been recommended for the treatment of 
APES [ 5 ,  7 ,  60 ]. However, it is not known if APES is pathophysiologically similar 
to an initial presentation of sarcoidosis, and, therefore, the corticosteroid dose for 
APES remains to be determined. It has been suggested that 20 mg of prednisone 
daily equivalent can improve symptoms and spirometry in patients with APES [ 6 ]. 
Figure  4.1  proposes an algorithm for the treatment of APES. Corticosteroids should 

  Fig. 4.1    A proposed treatment algorithm for APES (reproduced, with permission, from Panselinas 
E, Judson MA. Acute pulmonary exacerbations of sarcoidosis. Chest. 2012;142(4):827–36)       
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be tapered when the pulmonary symptoms and pulmonary function return near 
baseline. The proper weaning strategy in patients with APES remains to be deter-
mined; there are no evidence-based guidelines for any particular weaning strategy. 
Specifi c aspects of the tapering process depend on the initial dose of corticosteroids, 
the maintenance of corticosteroid dose to control the disease, the frequency of pre-
vious exacerbations, and the patient’s risk for corticosteroid side effects. An attempt 
should be made to wean APES patients completely off corticosteroids. However, 
this may be problematic, especially in patients who develop APES while still receiv-
ing corticosteroids. In these cases, tapering to the previous lowest dose where APES 
did not develop is recommended.

   Because many patients with APES cannot be successfully weaned off corticoste-
roids [ 8 ], the addition of a corticosteroid-sparing agent should be strongly consid-
ered to minimize corticosteroid side effects. These agents are recommended for 
patients who receive steroids for longer than 1 year or experience signifi cant adverse 
effects from corticosteroids [ 47 ]. 

 Table  4.4  summarizes the corticosteroid sparing agents used for the treatment of 
sarcoidosis. Methotrexate is the most studied corticosteroid-sparing agent for pul-
monary sarcoidosis [ 49 ,  60 ] and has been recommended as the preferred initial 
corticosteroid-sparing agent [ 59 ]. Alternative agents to corticosteroids are rarely 
effective alone for the treatment of chronic sarcoidosis [ 71 ,  73 ]. Most of these 
agents require a period of 3–9 months to reach maximal effi cacy [ 60 ]. An exception 
to this premise is infl iximab which has been demonstrated to improve pulmonary 
function within 2 weeks [ 68 ].

   The clinician must be cognizant that these corticosteroid-sparing agents have 
their own potential side effects that should be weighed against the adverse effects of 

   Table 4.4    Corticosteroid-sparing drugs for the treatment of APES   

 Drug  Level of evidence  Standard dose  Reference 

 Methotrexate  1A  5–20 mg/week  [ 49 ,  60 ,  61 ] 
 Lefl unomide  1B  10–20 mg/day  [ 62 ,  63 ] 
 Azathioprine  1B  50–200 mg/day  [ 64 ,  65 ] 
 Mycophenolate  1C  500–3,000 mg/day  [ 66 ,  67 ] 
 Infl iximab  1A a   3–5 mg/kg intravenously, then 2 weeks later, 

then every 4–8 weeks 
 [ 68 ,  69 ] 

 Adalimumab  1C a   40 mg subcutaneously every 1–2 weeks  [ 70 ] 
 Pentoxifylline  2C  400–1,200 mg/day  [ 71 ,  72 ] 
 Chloroquine  2B  250–750 mg/day  [ 73 ,  74 ] 
 Thalidomide  2C  50–200 mg/day  [ 75 ,  76 ] 

  Level A: At least one double blind, placebo-controlled trial with positive results with one or more 
case series supporting the results. Level B: Majority of case series showing positive results. Level 
C: Case series with mixed reports of effectiveness, or only a small number of cases reported 
 1: Strong recommendation, 2: weak recommendation 
 Adapted with permission from Panselinas E, Judson MA. Acute pulmonary exacerbations of sar-
coidosis. Chest. 2012;142(4):827–36 
  a Usually given after another strong recommended alternative medication has been ineffective/inad-
equate in terms of corticosteroid sparing  
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steroids. If pulmonary sarcoidosis is controlled with ≤10 mg of prednisone per day 
without signifi cant side effects, most sarcoidosis experts do not recommend the 
routine addition of a corticosteroid-sparing agent [ 59 ].  

   Prognosis 

 There is a paucity of data concerning the prognosis of APES. The short-term prog-
nosis seems favorable since most patients respond to corticosteroid treatment [ 6 ]. 
The long-term prognosis of APES is unclear. In a retrospective cohort of patients 
with chronic sarcoidosis, many of whom had fi brotic disease, relapse occurred in 
three-quarters after the reduction or cessation of corticosteroid treatment; further-
more, most had recurrent episodes of APES with further attempts to taper cortico-
steroids. These data suggest that chronic, fi brotic pulmonary sarcoidosis patients 
who develop APES are likely to remain corticosteroid dependent and have addi-
tional episodes of APES when corticosteroids are again tapered [ 8 ]. However, it is 
unknown whether APES is a risk factor for the development of pulmonary fi brosis 
from sarcoidosis.  

   Unresolved Issues Concerning APES 

 Although APES is common in patients with chronic sarcoidosis, it is not well stud-
ied and, therefore, there are questions about this entity that remain unanswered. 
First, a consensus defi nition and diagnostic criteria for APES should be established 
that can be used in prospective and retrospective studies. Second, biomarkers need 
to be discovered that predict or confi rm APES. Third, a standardized therapeutic 
regimen should be established and tailored according to the phenotypic expression 
of the disease. Finally, more information about impact of APES on the long-term 
prognosis of sarcoidosis is needed.  

   Conclusion 

 APES is a common clinical condition. The exact defi nition of APES has not been 
established, diagnostic criteria are unclear, and its prevalence and immunopathogen-
esis remain speculative. Several risk factors for APES have been identifi ed. Although 
the chest radiograph is often not useful to diagnose APES, it should be performed 
when APES is suspected to exclude other alternative conditions. Patients may be 
treated empirically for APES if (a) the probability of this condition is high and 
potential alternative causes are unlikely and (b) the risk of corticosteroid side effects 
is not substantial. Corticosteroids are regarded the treatment of choice for APES.     
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    Abstract     Sarcoidosis is rarely an “end-stage” disease—a concept that implies 
futility of further treatment. Instead, we suggest the use of the term advanced pul-
monary sarcoidosis which encompasses the ideas that the disease has progressed to 
the point that there is substantial morbidity, there is relatively high risk of mortality, 
and less reversibility than usual pulmonary sarcoidosis. While it may be equated 
with chronic, progressive, or fi brotic disease, none of those phenotypes are synony-
mous with advanced pulmonary sarcoidosis, since all of them may be asymptomatic 
or do not require therapy. 

 Symptoms and functional impairment in advanced pulmonary sarcoidosis may 
be multifactorial. It is important to defi ne the pathophysiologic mechanism for limi-
tations to direct therapy appropriately. A substantial proportion of patients with 
advanced pulmonary sarcoidosis have related pathologies, including pulmonary 
hypertension, bronchiectasis, airways stenosis, and mycetoma. These issues should 
be sought out and treated specifi cally. Second, the concept that most advanced pul-
monary sarcoidosis is irreversible may lead to under-treatment of fi brotic pulmo-
nary disease. There are no biomarkers of disease activity that are adequate to predict 
futility of immunosuppressive therapy trials in advanced disease. 

 When immunosuppressive therapy is no longer effective, lung transplantation 
may be considered. Lung transplantation for sarcoidosis is as successful as for other 
indications. Although sarcoidosis may recur in the allograft, it is usually non- 
bothersome. This chapter will review the defi nition of advanced pulmonary sarcoid-
osis, risk factors for it, typical manifestations, and approach to nonspecifi c and 
specifi c therapy for it, including lung transplant as a last option.  
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  Abbreviations 

   ACCESS    A Case–Control Etiologic Sarcoidosis Study   
  ACE    Angiotensin-converting enzyme   
  BAE    Bronchial artery embolization   
  BAL    Bronchoalveolar lavage   
  BOS    Bronchiolitis obliterans syndrome   
  COPD    Chronic obstructive pulmonary disease   
  CT    Computed tomography   
  DLCO    Diffusing capacity of the lung for carbon monoxide   
  FDG     18 F-Fluorodeoxyglucose   
  FEV1    Forced expiratory volume in 1 s   
  FVC    Forced vital capacity   
  HLA    Human leukocyte antigen   
  IL    Interleukin   
  IPF    Idiopathic pulmonary fi brosis   
  ISHLT    International Society for Heart and Lung Transplantation   
  LAS    Lung Allocation Score   
  PET    Positron emission test   
  PFTs    Pulmonary function tests   
  PH    Pulmonary hypertension   
  SAPH    Sarcoidosis-associated pulmonary hypertension   
  TLC    Total lung capacity   
  UIP    Usual interstitial pneumonitis   
  VO2max    Maximal oxygen consumption   
  WASOG    World Association of Sarcoidosis and Other Granulomatous Disorders   

          Introduction 

 The term “end stage” colloquially refers to an organ that has irreversibly lost any 
meaningful function. For instance, in the case of chronic kidney disease, specifi c 
staging systems have been proposed to defi ne when renal replacement therapy is 
necessary [ 1 ]. However, in patients with parenchymal lung disease, no such stan-
dardized or validated system exists and thus the term may be applied unequally. 

 For sarcoidosis, phenotypes that rely on clinical outcome status categorize patients 
based on persistence or resolution of disease, use of therapy, and symptoms at some 
time point after disease onset, but do not defi ne which patients should be considered 
as having end-stage disease [ 2 ,  3 ]. Alternatively, a predominant fi brotic pattern on 
chest radiography such as Scadding stage 4 can be used to defi ne severe disease 
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[ 4 – 7 ]. In a substantial proportion of patients, this radiographic presentation may cor-
relate with a histopathologic pattern of “fi brotic granulomatous” disease without evi-
dence of active infl ammation [ 5 ]. However, some patients with pulmonary fi brosis 
are asymptomatic and have no functional impairment [ 8 ]. A third defi nition of “end 
stage” could be candidacy for lung transplantation when there are no other options 
for medical management [ 9 ]. However, this defi nition may have variable meanings 
depending on the access to health care, geographic variation, and practice patterns. 

 From a practical standpoint, physicians make the diagnosis of “end-stage” disease 
based on a subjective combination of symptom severity, response to treatment, pul-
monary function tests (PFTs), and radiological fi ndings. As an alternative, we pro-
pose the use of the term “advanced pulmonary sarcoidosis” to encompass the spectrum 
of physiologic impairments, radiographic abnormalities, histopathologic features, 
and secondary complications that are associated with substantial morbidity, that sig-
nifi cantly increase the risk of mortality, and that are typically diffi cult to ameliorate. 

 In this chapter, our aim is to provide an overview of the manifestations of and risk 
factors for advanced pulmonary sarcoidosis and to convey that clinical judgment 
regarding the potential reversibility of sarcoidosis lung disease is not always accu-
rate, implying that aggressive medical management and symptom control should be 
considered in all these patients. We will also review the indications, sarcoidosis- 
specifi c considerations, and outcomes of lung transplantation for sarcoidosis.  

    Risk Factors for Advanced Pulmonary Sarcoidosis 

 Advanced pulmonary sarcoidosis develops in no more than 5–6 % of all sarcoidosis 
patients, generally over one to two decades [ 10 ,  11 ]. Nonetheless, most of the 
known prognostic indicators of bothersome disease are apparent within 2 years of 
diagnosis [ 12 – 14 ]. While no specifi c risk factors for the development of advanced 
pulmonary disease have been identifi ed, numerous factors for progressive and/or 
chronic disease have been defi ned (Table  5.1 ). Although sarcoidosis that is progres-
sive or chronic does not always eventuate in “advanced disease,” it is clear that these 
phenotypes are markers for those patients who will develop it [ 15 ]. Therefore, at 
this time, decisions about prognosis and management for advanced pulmonary sar-
coidosis must necessarily rely in part on the surrogate phenotypes of chronic/pro-
gressive sarcoidosis.

      Risk Factors for Persistent Disease 

 Obviously, non-resolution of sarcoidosis is a prerequisite for development of 
advanced disease. No study has comprehensively surveyed all the potential risk fac-
tors for persistence of sarcoidosis. Features that correlate with persistence of the 
disease include demographic characteristics, radiologic patterns, genetic polymor-
phisms, and the pattern of organ involvement. 
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 Several radiologic studies suggested that non-resolution occurs in approximately 
one-third of all sarcoidosis patients [ 16 ,  17 ]. However, non-resolution alone does 
not indicate severe disease. For example, a survey conducted by the World 
Association of Sarcoidosis and Other Granulomatous Disorders (WASOG) at ten 
referral centers revealed that 36 % of patients with disease persistence at 5 years had 
no requirement for therapy [ 2 ]. 

 Black race has been shown to be a risk factor for chronic disease and worse clini-
cal outcomes [ 12 ,  18 ]. In one center, analysis of the 12-year clinical course of disease 
in 1,774 diverse patients at a university-based medical center showed that blacks 
were more likely to demonstrate advanced Scadding stages compared to whites [ 18 ]. 
Blacks are also more likely to develop severe disease at a younger age [ 19 ]. Ethnic 
risk factors for more advanced disease have also been reported [ 15 ]. For instance, 
one retrospective study from Great Britain showed that patients with English or West 
Indies ancestry had poor prognosis for disease resolution compared to those with 
Irish background [ 20 ]. Besides race, younger age, and male gender have repeatedly 
been associated with radiographic resolution of disease [ 10 ,  11 ,  14 ,  20 ]. 

 The pattern of sarcoidosis onset dictates the likelihood of resolution, with more 
frequent persistence in those with indolent presentations [ 3 ]. More organ involve-
ment also increases the likelihood for non-resolution of sarcoidosis [ 14 ,  20 ]. Specifi c 
organ involvement that associates with persistent disease includes cardiac, osseous, 
upper airways, lupus pernio, nephrocalcinosis, and splenic involvement [ 21 ]. 
Whether these all associate with non-resolution specifi cally of pulmonary sarcoid-
osis or increase the chances for development of pulmonary fi brosis is unknown. 

 The presenting chest radiographic pattern is one marker of the overall likelihood 
for resolution that has been repeatedly confi rmed since its fi rst description [ 13 ,  20 , 
 22 ]. For example, a Spanish study of 193 patients demonstrated that the presence of 
parenchymal involvement or lack of lymphadenopathy at the time of diagnosis were 
independently associated with persistent disease at 2 years, even after adjustment 
for other possible prognostic variables such as gender and presence of respiratory 
symptoms [ 14 ]. Long-term studies evaluating the utility of computed tomography 

   Table 5.1    Risk factors for persistent pulmonary sarcoidosis and clinically bothersome pulmonary 
sarcoidosis   

 Persistent  Clinically bothersome 

 Black race  Black race 
 Older age  More dyspnea at time of diagnosis 
 Female gender  Need for treatment in the fi rst 6 months after diagnosis 
 Multiple organ involvement  Multiple organ involvement 
 Ascending Scadding radiograph stage  Ascending Scadding radiograph stage 
 Scadding stage at presentation  Lower socioeconomic status 
 Architectural distortion of the airways 

or cystic changes 
 Absence of lymphadenopathy 
 Need for systemic therapy 
 Splenomegaly 
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(CT) of the chest to determine potentially reversible lesions have also been con-
ducted. They showed that cystic spaces and architectural distortion of the airways 
are irreversible with or without treatment [ 17 ]. 

 A variety of biologic markers are either associated with or causally implicated in 
non-resolving disease. The presence of elevated lymphocyte counts in bronchoalveo-
lar lavage (BAL) fl uid at the time of diagnosis correlates with higher chances for 
resolution [ 23 ]. Human leukocyte antigen (HLA) Class II molecule types that confer 
a higher chance for disease resolution include HLA-DRB1*0301 and HLA- 
DQB1*0201, whereas those with HLA-DRB1*15 and HLA-DQB1*0602 are more 
likely to have non-resolution [ 24 ]. Type I major histocompatibility complex genes are 
also associated with the course of the disease, though they have been less frequently 
studied [ 24 ]. Polymorphisms in a number of other genes, including transforming 
growth factor β1, tumor necrosis factor, and prostaglandin-endoperoxide synthase 2 
correspond with prognosis in well-characterized sarcoidosis cohorts [ 25 – 27 ].  

    Risk Factors for Clinically Bothersome Disease 

 Clinically bothersome sarcoidosis can be defi ned as disease that is progressive, 
causes substantial symptoms, impairs the quality of life, or requires treatment. Most 
clinically bothersome sarcoidosis is also “persistent,” but these categories are not 
synonymous. For example, only half of patients in A Case–Control Etiologic Study 
of Sarcoidosis Study (ACCESS) who required therapy in the fi rst 6 months after 
diagnosis were still on treatment at 2 years [ 12 ]. In another series of predominantly 
white, US patients, 87 % of those treated for chronic sarcoidosis were able to stop 
all therapy [ 23 ]. These examples demonstrate that the development of advanced 
pulmonary sarcoidosis typically entails both persistence of disease and the presence 
of clinically bothersome disease. 

 In the ACCESS cohort, a population dominated by pulmonary sarcoidosis, the 
only two variables independently associated with a requirement for therapy at 2 
years were the level of dyspnea and the requirement for systemic therapy at baseline 
[ 12 ]. Dyspnea at presentation may refl ect more advanced impairment of ventilatory 
reserve and both have been related to more severe course of disease [ 28 ,  29 ]. Many 
of the other factors that predict persistent disease are also related to treatment 
requirement, and a review of those is beyond the scope of this chapter. These include 
radiologic, biochemical, genetic, socioeconomic, and demographic parameters.   

    Mortality and Prognostic Factors 

 The course of advanced pulmonary sarcoidosis is more variable than many other 
pulmonary conditions, such as idiopathic pulmonary fi brosis (IPF) or severe chronic 
obstructive pulmonary disease (COPD). As a result, the mortality that occurs with 
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sarcoidosis is often overlooked. In addition, there are sparse data describing the 
morbidity due to advanced sarcoidosis or its therapies. Unlike IPF and COPD, sar-
coidosis generally affects individuals in the prime years of life. 

 Historically, the mortality rate for sarcoidosis was thought to be 1–5 % [ 16 ]. 
These estimates were criticized on the basis of being infl uenced by referral bias 
[ 30 ]. However, recent population surveys have confi rmed that sarcoidosis does sig-
nifi cantly impact survival. For example, mortality rates in a British population sur-
vey from 1991 to 2003 were 5 % and 7 % at three and 5 years, respectively, compared 
to age- and gender-matched controls for whom mortality was 2 % and 4 % [ 31 ]. In 
a survey of all US death certifi cates from the National Center for Health Statistics, 
the age- and gender-adjusted mortality rate for sarcoidosis was 4.32 per 1,000,000 
with a 3 % increase per year between 1988 and 2007 [ 19 ]. Sarcoidosis was selected 
as the “underlying cause of death” in 59 % of all patients with sarcoidosis; the mean 
age at death in this group of patients was 57 years. When the population is limited 
to those with radiographic stage 4 disease, the mortality is predictably higher [ 8 ]. 
For example, in a French cohort of 142 patients with radiographic stage 4 disease 
followed for an average for 7 years, the mortality rate was 11.8 % and the 15-year 
survival rate was 78.1 %, which was signifi cantly worse than the general population 
[ 4 ]. The mean age of patients who died was 55, which was on average 12 years after 
the diagnosis of sarcoidosis was made. 

 Advanced lung disease and its complications have been implicated as the most 
common cause of death in US and European patients with sarcoidosis [ 4 ,  8 ,  32 ]. In 
Japan, however, cardiac involvement has historically been the leading cause of 
death [ 33 ]. Age adjusted risk for death is higher in non-Hispanic blacks than in non- 
Hispanic whites [ 19 ]. This fi nding may relate to differences in racial pathobiology 
or to differing socioeconomic status, including access to health care [ 34 ]. Females 
also have higher rates of death compared to males [ 19 ,  35 ]. In addition, the risk for 
death is increased with advancing age, which might be related to comorbid condi-
tions, complications from chronic lung disease, and possibly the development of 
pulmonary fi brosis [ 19 ]. 

 Other demographic factors are associated with mortality. Age-adjusted mortality 
among blacks in the USA was found to be higher in the Mid-Atlantic and Northern 
Midwestern States, whereas in whites, mortality was higher in the Northern States 
[ 35 ]. Disease-related factors such as the presence of symptoms at the time of diag-
nosis, radiographic stage 3 or 4 disease, lower ratio of forced expiratory volume in 
1 s over the forced vital capacity (FEV1/FVC), lower FVC, lower FEV1, and lower 
total lung capacity (TLC) have also shown to confer increased risk of mortality [ 8 , 
 29 ,  36 ]. In one center, almost all of the respiratory-related sarcoidosis deaths 
occurred in patients with FVC less than 1.5 l [ 8 ]. 

 Complications of sarcoidosis, especially pulmonary hypertension (PH), are 
known to carry poor prognosis with a tenfold increase in mortality and a 5-year 
survival of 59 % [ 20 ,  37 ,  38 ]. In patients with radiographic stage 4 disease, only the 
presence of PH has been found to be an independent predictor of mortality [ 4 ].  
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    Pulmonary Fibrosis 

 Approximately 5–10 % of patients with sarcoidosis will develop radiologically evi-
dent fi brotic lung disease [ 39 ,  40 ]. Most patients with pulmonary fi brosis will not 
experience a relentless progressive downhill course but rather stabilize without the 
need for indefi nite medical therapy [ 13 ]. A minority of patients with fi brosis develop 
respiratory failure related to complications or infections. There are no autopsy series 
of unselected patients to answer the question of what proportion of persistent sar-
coidosis has an element of fi brosis. However, some granulomas hyalinize with time 
(Fig.  5.1 ) so that it is probable that a high proportion of patients with chronic sarcoid-
osis harbor at least some scarred granulomas. For the overwhelming majority of 
patients, the fi brosis in sarcoidosis follows the same distribution as the granulomas, 
affecting predominantly the mid to upper lobes [ 41 ,  42 ]. When it is extensive, it char-
acteristically leads to fi brocystic cavities and architectural distortion of the airways.

   The fi brosis of sarcoidosis is probably an artifact of chronic granulomatous infl am-
mation rather than an independent process. Evidence for the source of the fi brosis is 
observational only: the distribution of the fi brosis in autopsies and explants, as well 
as the presence of pro-fi brotic mediators in the granulomas. Studies of surgical lung 
biopsies show that interstitial pneumonitis is not common in fi brotic lungs [ 7 ,  43 ]. 
It is unclear why some granulomas in the same patient exhibit more exuberant fi bro-
sis than others, but this observation may be related to the age of the granuloma. 

  Fig. 5.1    Hyalinized granuloma in a patient with advanced pulmonary sarcoidosis; a multinucleate 
giant cell is visible in the center, but there is a paucity of the cellular constituents typically observed 
in infl ammatory granulomas (courtesy of Carol Farver, MD)       
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 There may be histologically and phenotypically distinct groups of patients with 
presumed fi brotic advanced pulmonary sarcoidosis. A recently published series of 
nine transplant patients evaluated the explanted lungs and chest CT scans for dis-
ease pattern [ 7 ]. Five of the nine patients had a predominant fi brotic scar pattern and 
four had evidence of active disease with granulomas around bronchovascular bun-
dles in the periphery. Those with a predominant fi brotic pattern disease had rela-
tively acellular septal, peribronchial, and pleural scarring with very few granulomas 
and central honeycombing. Fibroblastic foci may also be seen in association with 
the explants of fi brotic sarcoidosis lung [ 6 ]. Some patients with ground glass opaci-
ties on chest CT and active granulomatous infl ammation have features of interstitial 
pneumonitis that resembles nonspecifi c interstitial pneumonitis [ 7 ]. 

 A third radiologic–pathologic pattern in advanced pulmonary sarcoidosis bears 
striking resemblance to usual interstitial pneumonia (UIP) (Fig.  5.2 ). These patients 
may have honeycombing on radiography and fi broblastic foci on histopathology [ 5 , 
 44 – 46 ]. In autopsy studies and radiologic studies of sarcoidosis patients with severe 
lung involvement, a “honeycomb” pattern with interstitial pulmonary fi brosis has 
also been reported [ 45 ,  47 ,  48 ]. It has been hypothesized that honeycombing may 
represent areas of prior intense infl ammation in the early course of the disease [ 48 ].

   The pathobiology of pulmonary fi brosis in sarcoidosis has not been well charac-
terized. It has been hypothesized that a shift to a predominant T helper type-2 
response, rather than a T helper type-1 response, leads to release of profi brotic cyto-
kines such as interleukin (IL) 4 and IL-13 that may be involved in the fi brotic pro-
cess [ 40 ]. Other mediators, such as transforming growth factor β and chemokine 
ligand 18, have reasonable biologic plausibility and have been associated with 
fi brotic sarcoidosis [ 49 ]. A transcriptome analysis from transbronchial biopsies 
comparing patients with bothersome sarcoidosis, including some with fi brosis, to 
those with self-resolving disease revealed that global gene expression patterns in 

  Fig. 5.2    Honeycombing and reticular opacities on computed tomography resembling usual inter-
stitial pneumonitis in a patient with biopsy-proven sarcoidosis       
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severe sarcoidosis corresponded more closely to chronic hypersensitivity pneumo-
nitis than to UIP [ 50 ]. The implication of that fi nding may be that a persistent cell- 
mediated immune system response rather than a separate fi brotic process may be 
responsible for fi brotic lung disease in patients with sarcoidosis. A variety of other 
pro-fi brotic growth factors and cytokines may be found in sarcoidosis [ 40 ,  51 ], but 
the absence of an accepted sarcoidosis animal model limits our ability to pinpoint 
which ones might be driving the fi brotic process.  

    Clinical Findings in Advanced Pulmonary Disease 

    Symptoms and Signs 

 Patients with advanced pulmonary sarcoidosis have nonspecifi c and variable clini-
cal presentations, depending on where and how the pulmonary system is affected. 
For instance, patients with fi brocystic disease may have symptoms predominantly 
signifying the severe architectural distortion of the airways that usually occurs in 
this setting, such as wheezing and productive cough. Those with a predominance of 
honeycomb cystic changes or peripheral fi brosis may exhibit primarily dyspnea 
with or without nonproductive cough [ 52 ]. It should be recognized, however, that 
dyspnea is the common denominator with all phenotypes. The differential diagnosis 
of dyspnea is depicted schematically in Fig.  5.3 .

   Crackles or clubbing are extremely unusual except for two situations: diffuse 
lower lobe bronchiectasis [ 53 ] or a UIP-like pattern on chest imaging, respectively 
(see “Computed Tomography of the Chest   ” section, below). Although several 

  Fig. 5.3    Causes of dyspnea in sarcoidosis       
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review papers have suggested that crackles may occur in up to 20 % of advanced 
pulmonary sarcoidosis, the data are based on decades-old series where the diagnosis 
of sarcoidosis was established prior to modern criteria [ 42 ,  54 ]. More commonly, 
the presence of clubbing or crackles signifi es that an alternate diagnosis or a super-
imposed process is the cause of lung disease. In those situations, it is useful to 
search for evidence of extrapulmonary involvement to substantiate the diagnosis of 
sarcoidosis. Hemoptysis is rare but may be seen in patients with mycetomas or 
endobronchial involvement [ 55 ].  

    Computed Tomography of the Chest 

 It is probably not necessary to routinely obtain CT scans in all patients with Scadding 
stage 4 chest X-rays. Situations where CT of the chest may provide particular ben-
efi t include when there is clinical suspicion of mycetoma or complications unrelated 
to sarcoidosis such as infection or medication toxicity. There are little data to sup-
port a role for chest CT patterns in guiding therapy decisions [ 56 ]. 

 Major CT fi ndings suggesting fi brosis are fi ssure displacement, bronchial distor-
tion, and fi ssure distortion [ 48 ]. The most common pattern is characterized by archi-
tectural distortion in a predominant central distribution (Fig.  5.4 ). It is frequently 
accompanied by micronodules and bronchovascular thickening. A CT pattern with 
substantial honeycomb cystic changes may occur as well, but it is less common 
(Fig.  5.4 ). The honeycombing typically involves the mid and upper lung zones. Patients 
with substantial honeycomb cystic changes have more impaired lung function [ 48 ,  56 ].

  Fig. 5.4    Computed tomography of the chest demonstrating the fi brocystic pattern of advanced 
pulmonary sarcoidosis with predominantly mid and upper lung zone central fi brosis, architectural 
changes, dilated airways, and cysts ( arrow )       
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       Pulmonary Function Tests 

 Advanced pulmonary sarcoidosis may manifest with any combination of restrictive 
or obstructive patterns on PFTs. The chest imaging pattern correlates poorly with 
physiologic fi ndings and functional impairment [ 57 – 59 ]. Therefore, PFTs are use-
ful tools to defi ne the mechanism responsible for a patient’s symptoms. 

 Obstruction is common in the setting of pulmonary fi brosis, occurring in up to 
75 % of patients [ 52 ]. It generally occurs as part of a mixed obstructive–restrictive 
pattern and may relate to diminished elastic recoil and/or airway caliber [ 52 ]. Of 
interest, the presence of airways obstruction early in the disease is a predictor of 
worse long-term outcomes [ 36 ]. In a subset of patients, a bronchodilator response 
may be present, but the frequency of reversible obstruction in advanced sarcoidosis 
has not been systematically studied. The restrictive ventilatory impairment in 
advanced sarcoidosis refl ects underlying reduction of static lung volumes and impair-
ment of gas exchange [ 60 ]. The most sensitive of the standard PFT tests is the diffus-
ing capacity of the lung for carbon monoxide (DLCO) [ 63 ]. For example, in a series 
of 607 patients with radiographic stage 2–4 disease, the prevalence of reduced TLC 
was only 7 %; in the same cohort, over 20 % of patients with normal TLC had low 
static compliance or low DLCO [ 60 ]. Compared to IPF, advanced sarcoidosis tends 
to exhibit less impairment of DLCO at the same lung volumes. This fi nding likely 
refl ects the differences in the ventilation–perfusion relationships between the two 
disorders, especially the distribution of disease and the involvement of the airways. 

 Cardiopulmonary exercise testing can be useful in the setting of advanced pul-
monary sarcoidosis. Impaired ventilatory reserve, widened alveolar–arterial gradi-
ent and reduced maximal oxygen consumption (VO2max) are seen more frequently 
in patients with fi brotic sarcoidosis than those with other radiographic patterns, even 
when FVC and DLCO are similar [ 61 ]. Elevated dead space fraction during exercise 
is the physiologic mechanism for nearly half of impaired VO2max [ 62 ]. Since the 
causes of dyspnea are multiple, cardiopulmonary exercise testing should be consid-
ered in all advanced pulmonary sarcoidosis when symptoms are substantial.   

    Other Presentations and Complications of Advanced Lung 
Disease 

    Pulmonary Hypertension 

 Pulmonary hypertension due to sarcoidosis is categorized by the World Health 
Organization in Group V (miscellaneous conditions) [ 38 ]. Up to 75 % of sarcoid-
osis patients listed for lung transplantation have pulmonary arterial hypertension 
associated with sarcoidosis (SAPH) based on right heart catheterization. The pres-
ence of SAPH is associated with a poor prognosis, compared to pulmonary venous 
hypertension in sarcoidosis patients [ 37 ]. 
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 SAPH is most commonly found in patients with advanced fi brotic disease but 
may occur in those with minimal radiologic evidence of parenchymal disease For 
example, Sulica et al. found that 60 % of SAPH patients in one center had no signifi -
cant fi brosis on chest radiography [ 63 ]. The extent of parenchymal involvement also 
may not correlate with the degree of PH and this suggests direct or indirect granu-
lomatous involvement of the pulmonary arteries [ 64 ]. Screening for SAPH should 
be most avidly pursued in patients with fi brotic sarcoidosis, a disproportionate 
reduction of DLCO, reduced 6-min walk distance, or desaturation [ 63 ,  64 ]. SAPH 
is reviewed more extensively in Chap.   6    .  

    Bronchiectasis 

 Bronchiectasis from sarcoidosis can be localized but it is usually diffuse. Diffuse 
cystic bronchiectasis is thought to originate from two mechanisms: traction-related 
fi brosis around the peribronchovascular bundles and direct damage to the airways 
from granulomatous infl ammation (Fig.  5.5 ). In the less common scenario of local-
ized or post-obstructive bronchiectasis, external compression from intrathoracic 
lymph nodes or long-standing endobronchial sarcoidosis is more often the cause [ 65 ].

  Fig. 5.5    Explanted lung 
with fi brotic sarcoidosis 
with advanced bronchiectasis 
(courtesy of Carol Farver, MD)       
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   The prevalence of bronchiectasis is related to the severity of lung involvement. 
Using CT of chest to make the diagnosis, bronchiectasis has been found on 18–40 % 
of patients (Fig.  5.6 ) with a stage 4 chest X-ray [ 48 ,  53 ]. The rate of bronchiectasis 
may approach 100 % in patients who require lung transplantation [ 7 ].

   Most patients with traction bronchiectasis do not exhibit features typically seen 
with common causes of bronchiectasis, such as cystic fi brosis. However, in a minor-
ity of patients with bronchiectasis, the clinical course may be dominated by classical 
bronchiectasis features. In that situation, there may be a high rate of digital club-
bing, lung rales on auscultation, hemoptysis, and recurrent exacerbations requiring 
hospitalization [ 53 ]. Management of recurrent infectious exacerbations may be 
more useful than escalating corticosteroid doses in that setting. In a small series of 
seven such patients acquired over 20 years, the mortality rate was 57 % [ 53 ]. 

 In routine practice, it may be useful to consider a trial of corticosteroids or other 
immunosuppressive agents to assess the potential for reversible infl ammation, since 
chest imaging is not reliable for this purpose. If no evidence of granulomatous 
infl ammation is present or the patient has been adequately treated for sarcoidosis, 
the management of bronchiectasis should focus on the prevention and treatment of 
exacerbations rather than sarcoidosis itself. The foundation for management is non- 
pharmacologic airway clearance techniques such as routine chest physiotherapy 
[ 66 ]. Adjunctive pharmacotherapy may also be useful. Some suggested manage-
ment techniques of chronic symptoms related to non-cystic fi brosis bronchiectasis 
are outlined in Table  5.2 .

  Fig. 5.6    Computed tomography of the chest with dilation of the large airways and segmental air-
ways. The curvilinear distortion of the airway course is typical of the architectural distortion found 
in advanced pulmonary sarcoidosis (with permission from Culver DA. Immunol Allergy Clin 
North Am 2012;32(4):487)       
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       Airway Stenosis 

 The classic anatomic distribution of sarcoidosis granulomas is along the broncho-
vascular bundles and lymphatics. Therefore sarcoidosis commonly involves the 
mucosa of the airways, most often the distal airways [ 67 ]. In advanced disease, 
endoluminal or extraluminal fi broproliferation, rather than infl ammation, may be the 
dominant pathologic process [ 67 ,  68 ]. Airways compromise in advanced sarcoidosis 
may therefore result from a persistent endoluminal granulomatous infl ammation, 
extrinsic compression from enlarged lymph nodes and conglomerate infl ammatory 
masses, peribronchical fi brosis leading to bronchial architectural distortion, or focal 
bronchostenosis. 

 Bronchial stenosis may be isolated, involved multiple discrete sites of stenosis, or 
be diffuse [ 67 ,  68 ]. Severe stenosis is relatively uncommon, occurring in less than 1 % 
of all sarcoidosis patients [ 68 ]. However, the prevalence is higher in those with radio-
graphic stage 4 chest X-rays [ 68 ]. Some patients with diffuse endoluminal stenosis 
disease may have concomitant bronchiectasis, which is unique to sarcoidosis [ 65 ]. 

 Common symptoms of airway stenosis include dyspnea, wheezing, and stridor. 
Worsening airfl ow obstruction is common [ 65 ]. Central airway obstruction may be 
suspected in patients with FVC/FVC ratio less than 70 %, fl attening of the fl ow- 
volume loop, or focal wheezing on chest exam. Bronchoscopy for airway examina-
tion is a useful tool to diagnose, determine location, extent, and etiology of proximal 
stenosis in the airways (Fig.  5.7 ) [ 68 ,  69 ]. Bronchial abnormalities can also be 
detected on CT, but the specifi city of CT fi ndings for diagnosis of clinically impor-
tant airways stenosis is suspect. In a series of 60 consecutive patients who had both 
bronchoscopy and CT scan within 15 days, only eight of 39 patients with bronchial 
abnormalities on CT scan were found to have clinically important endoluminal 
abnormalities during direct visualization [ 70 ].

  Table 5.2    Management 
strategies for stable 
bronchiectasis  

 Airway 
 Clearance techniques 
 Postural drainage 
 Oscillating positive pressure device 
 Forced expiration techniques 
 Adjuncts for airway clearance 
 Nebulized normal saline 
 Nebulized hypertonic saline 
 Inhaled Beta2 agonist    
 Airway pharmacotherapy 
 Inhaled Beta2 agnoist 
 Inhaled anticholinergic bronchodilator 
 Antibiotics 
 Long-term oral antibiotics (azithromycin) 
 Long-term inhaled antibiotics 
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   Early treatment with corticosteroids or cytotoxic agents such as methotrexate at 
the time of initial presentation is important since delay in treatment greater than 3 
months may lead to irreversible endoluminal stenosis [ 67 ]. Adjunctive broncho-
scopic modalities may be helpful for those with primarily discrete endoluminal ste-
noses. These may include combinations of balloon bronchoplasty, mitomycin C 
application, cryoablation, laser photoresection, electrocautery, and brachytherapy 
[ 71 – 73 ]. Commonly, more than one therapeutic session is necessary, since manipu-
lation of the airways frequently induces granulation tissue but with repeated therapy 
this reaction tends to be less exuberant. In our center, we most often use a combina-
tion of balloon bronchoplasty, cryotherapy, corticosteroid injections, and topical 
application of mitomycin C. Given the propensity of sarcoidosis to react to manipu-
lation and foreign bodies, endoluminal stents should be avoided unless all other 
options are exhausted.  

    Cavitary Lung Disease and Mycetomas 

 True cavitation due to dense granulomatous infl ammation invading the intra- alveolar 
septa and leading to ischemic necrosis has been reported, but it is distinctly unusual 
[ 74 ]. Instead, “cavitary” disease in sarcoidosis almost always occurs in the setting 
of fi brotic lung disease and represents pseudocavities comprised of ectatic bronchi 
that are lined by fi brotic lung in the upper lobes [ 75 ]. When the pseudocavities of 
advanced pulmonary sarcoidosis are secondarily infected by bacteria, they may 
resemble pyogenic abscess. However, the most common infectious complication of 
pseudocavities is the mycetoma [ 76 ]. 

  Fig. 5.7    Bronchoscopic 
image demonstrating almost 
complete web-like airway 
stenosis of the left lower lobe 
( bottom ) and relatively spared 
left upper lobe ( top )       

 

5 Advanced (“End-Stage”) Pulmonary Sarcoidosis



94

 Mycetomas represent a conglomeration of fungal mycelia colonizing the fi brocys-
tic cavities, most commonly by  Aspergillus fumigatus  [ 77 ]. They communicate with 
the airways and are composed of saprophytic fungal elements, fi brin, mucus, and 
host cellular debris. Two types have been defi ned: simple and complex. Simple asper-
gillomas occur in cysts lined by epithelium with no peri-cavitary fi brosis. In distinc-
tion, the walls of complex aspergillomas are thick and are surrounded by diseased 
lung parenchyma [ 78 ]. A higher incidence of the complex type has been reported; the 
distinction in type may have implications for surgical management [ 79 ]. 

 Mycetomas occur in less than 5 % of all patients with sarcoidosis when case 
ascertainment is by routine means such as radiography and longitudinal follow-up 
[ 18 ]. However, the true incidence of aspergillomas may be higher. For example, 
10 % of patients in a cohort of 100 consecutive patients screened with serial aspergil-
lus precipitins eventually developed aspergillomas over a decade follow-up. Among 
patients with stage 4 chest X-rays, aspergillomas developed in 11.3 % of a series of 
142 French sarcoidosis patients [ 4 ]. At the time of diagnosis of cavitary sarcoidosis, 
up to 44 % of patients already have radiologic evidence of mycetomas [ 10 ,  80 ]. 

 Mycetomas affect both the right and left lungs equally, but occur most com-
monly in the upper lobes (Fig.  5.8 ) [ 55 ]. They may be single or multiple. The classic 
radiographic appearance is that of a round, mobile mass topped by a clear crescent 
that separates the mass from the wall of the cavity (Fig.  5.9 ). It has the same density 
as water. The so-called crescent sign or Monod’s sign is considered diagnostic [ 75 ]. 
Most patients with  Aspergillus fumigatus  infection will have positive serum precipi-
tins against  Aspergillus  [ 77 ,  81 ]. Diagnosis can be established in the setting of the 
classic radiographic presentation and positive serum precipitins [ 81 ]. In patients 
with signifi cant risk factors for tuberculosis, it is important to perform confi rmatory 
tests when considering the diagnosis of aspergillosis, since the presentation may be 
similar [ 82 ]. Invasive fungal infection or dissemination of the infection even in the 
setting of immune-modulating therapy is thought to be rare [ 83 ], but the true inci-
dence of semi-invasive fungal disease is unknown [ 84 ].

  Fig. 5.8    Explanted lung with large upper lobe mycetoma ( arrow ) (courtesy of Carol Farver, MD)       
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    Most patients are asymptomatic. Hemoptysis may occur when there is invasion 
of local blood vessels in the cavity wall by fungal hyphae. In a retrospective study 
of 85 patients admitted to the hospital with aspergillomas due to various underlying 
lung disease, hemoptysis occurred in 83 % of the cases [ 55 ]. Similar rates have been 
reported in more recent series [ 85 ]. The size of the aspergilloma is unrelated to the 
risk of hemoptysis [ 55 ]. When hemoptysis occurs, the mortality rate from the acute 
episode varies from 5 to 26 % [ 10 ,  55 ,  81 ]. 

 Due to the lack of robust evidence, there are no specifi c consensus recommenda-
tions for the management of aspergillomas. Fortunately, given the quiescent nature 
of the disease, not all patients require therapy. Surgical resection is the only defi ni-
tive therapy [ 81 ], usually for the indication of hemoptysis [ 86 ]. However, resection 
for patients with mild or isolated hemoptysis is not recommended due to high opera-
tive morbidity and mortality which may be due to the coexistence of impaired pul-
monary function and widespread vascular adhesions [ 55 ,  79 ]. Operative morality 
has been reported to be as high as 33 % in patients with complex aspergillomas [ 79 ] 
and approximately 2–5 % in all patients [ 55 ,  85 ,  86 ]. The rate of complications such 
as secondary hemorrhage, bronchopulmonary fi stulas, empyema, respiratory fail-
ure, and death are higher in complex (78 %) than in simple (33 %) mycetomas [ 83 ]. 
When the mycetoma is complex, there is a 2.5-fold higher rate of surgical complica-
tions [ 83 ]. As a result, surgical resection is generally reserved for patients with 
clinically signifi cant hemoptysis who fail less invasive treatment options. A rarely 
used surgical option is a cavernostomy, where a fl ap of pectoralis, rhomboid, trape-
zius, or serratus muscles is permanently placed through the chest wall into the cav-
ity, obliterating it and providing good vascular supply for antimicrobial delivery. 
Historically, caveronstomies are associated with high mortality rates [ 55 ] but newer 
series show relatively good outcomes [ 85 ]. 

  Fig. 5.9    Computed tomography of the chest with aspergilloma in the right upper lobe ( arrow ) and 
an obvious “crescent sign”       
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 A common approach to the management of hemoptysis from mycetomas is bron-
chial artery embolization (BAE) with polyvinyl alcohol particles or gelatin sponge. 
It should be noted that that the procedure is usually only a temporizing measure and 
may be ineffective in the long term due to the formation of collateral circulation 
[ 87 ]. The immediate success rate of BAE ranges from 75 to 90 %, but with aspergil-
lomas the recurrence rate may be as high as 100 % [ 88 ,  89 ]. 

 Treatment of aspergillomas with systemic antifungal agents is attractive but the 
success rate is low, perhaps due to inability of the antimicrobial to penetrate into the 
cavity [ 90 ]. For example, in one retrospective study, none of the 18 patients treated 
with intravenous amphotericin B demonstrated any radiographic improvement [ 55 ]. 
There is some evidence supporting the use of azoles for treatment of mycetomas but 
these studies are limited by lack of standardization, sample size, or poor study 
design [ 91 ,  92 ]. Their use received only a Grade BIII recommendation from the 
Infectious Disease Society of America [ 81 ]. 

 A novel approach is to deliver antifungal agents more effectively to the cavity 
itself. Direct CT-guided intracavitary amphotericin installation may effectively stop 
bleeding [ 93 – 95 ]. In one institution, daily installation of amphotericin via an 
indwelling percutaneous catheter was highly effective, with cessation of bleeding in 
17 of 23 (74 %) of bleeding episodes and prolonged remission in more than 50 % of 
patients [ 95 ]. 

 Risk factors for recurrent hemoptysis included radiologic evidence of active asper-
gilloma growth, bleeding diathesis   , and lack of bronchial artery embolization [ 95 ]. 
Spontaneous resolution of aspergillomas has been reported and occurs in approxi-
mately 5–10 % patients over 1–5 years from the time of diagnosis [ 55 ,  96 ,  97 ].   

    Management 

    Symptom Control 

 There are no specifi c guidelines or statements that address the management of respi-
ratory symptoms due to advanced pulmonary sarcoidosis. A combined non- 
pharmacologic and pharmacologic strategy for symptom control should be 
considered similar to other chronic lung diseases such as COPD and IPF. For 
instance, patients with airfl ow obstruction or bronchiectasis should have treatment 
targeted specifi cally to these aspects of the clinical presentation. In formulating the 
treatment strategy, it may be helpful to consider the mechanism for the particular 
symptom, which can vary considerably among sarcoidosis patients. In the example 
of airfl ow obstruction, for example, there may be bronchospasm, bronchiectasis, 
airways involvement by granulomatous infl ammation, fi xed or reversible laryngeal 
sarcoidosis, vocal cord dysfunction, extrinsic compression of airways from con-
glomerate lymph node masses, or bronchostenosis. Obviously, the approach to each 
of these situations must be individualized. 
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 Dyspnea is another symptom that may be multifactorial. There are no studies 
addressing the role of oxygen supplementation or pulmonary rehabilitation for the 
management of dyspnea in sarcoidosis. However, there is a high prevalence of 
respiratory muscle and appendicular muscle weakness in sarcoidosis patients that is 
only partly explained by corticosteroid use [ 98 ,  99 ]. The impaired muscle strength 
correlates with reduced 6-min walk distance, lower quality of life, depression and 
fatigue, so pulmonary rehabilitation that includes resistance training may theoreti-
cally be very helpful in advanced pulmonary sarcoidosis [ 100 ].  

    Disease Activity and Medical Therapy 

 Two competing priorities must be balanced when considering medical therapy in 
advanced lung disease: risk for under-treatment of granulomatous infl ammation ver-
sus risk of medication toxicities. There is a temptation to equate “advanced or fi brotic 
sarcoidosis” with “irremediable” sarcoidosis, a viewpoint that is based more on opin-
ion than on evidence. A closely related aspect of treatment decisions is the goal of 
reducing the burden of granulomatous infl ammation with an intention to modify 
symptoms and decrease functional impairment, just as in acute disease. Given the 
morbidity associated with advanced disease and the dangers inherent to lung trans-
plantation, as well as the substantial likelihood that a transplant may not materialize, it 
may be useful to aggressively search for evidence of treatable (i.e., “active”) disease. 

 A widely held viewpoint is that sarcoidosis “activity” must be documented by 
some testing prior to treatment of advanced disease. There have been a variety of 
attempts to defi ne “active sarcoidosis.” For example, the 1983 WASOG conference 
participants defi ned active sarcoidosis as the presence of (1) ongoing T-cell and mac-
rophage-driven infl ammation, (2) persistence of granuloma formation, or (3) active 
progression to fi brosis [ 101 ]. In the current era, all of the available tests to assess can 
still be described by the 1983 rubric. However, the tools to assess activity such as 
angiotensin-converting enzyme (ACE) level, BAL fl uid analysis, and CT suffer from 
inadequate sensitivity and specifi city. For example, in a series of 96 French patients 
with Scadding stage 4 chest X-rays who had escalation of therapy, 84 (88 %) exhib-
ited objective improvement [ 4 ]. Interestingly age, sex, ethnicity, baseline FVC and 
DLCO, honeycombing pattern on CT, high serum ACE level, and alveolar lympho-
cytosis did not predict response to therapy. Only a shorter duration of diagnosis prior 
to initiation of treatment was useful to differentiate patients who improved or wors-
ened. Other studies have confi rmed the lack of association between radiograph stage 
and the quantity of infl ammatory cells in tissue biopsies or BAL fl uid [ 102 ]. 

 Further support of the poor utility of conventional testing to defi ne whether 
active granulomatous infl ammation is present comes from the lung transplant expe-
rience. Four of seven consecutive explants from a single US center exhibited persis-
tent granulomatous infl ammation despite radiologic evidence of “end-stage” lung 
disease with extensive honeycomb cystic changes [ 5 ]. Anecdotally, the experience 
at our institution is similar, where roughly half of explants harbor substantial active 
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granulomatous infl ammation after clinical and radiologic diagnosis of irreversible 
sarcoidosis (personal communication, Carol Farver, MD) (Fig.  5.10 ). These obser-
vations imply that conventional assessment of “end stage” is fl awed, that there is a 
role for empiric trials of escalated treatment when faced with advanced pulmonary 
sarcoidosis, and possibly also point out that none of the currently available immu-
nosuppressive medications are 100 % effective for granuloma dissolution. In our 
practice, we administer a trial of prednisone (30–40 mg daily) for approximately 4 
weeks to assess reversibility in advanced pulmonary sarcoidosis. In selected 
patients, we also may consider a trial of infl iximab, since responses to it are gener-
ally evident within three to four infusions [ 103 ].

   Lung imaging using positron emission tomography (PET) with 
 18 F-Fluorodeoxyglucose (FDG) is a promising tool to help guide the intensity of 
treatment trials, but there are insuffi cient data available about the predictive values 
of PET scan to advocate its routine use at this juncture. Even in individuals with 
stage 0 or 4 chest radiographs, PET scan may demonstrate uptake in the lung paren-
chyma [ 6 ,  104 ]. In early sarcoidosis and in refractory sarcoidosis, increased FDG 
uptake in the lung has been able to defi ne individuals with potential to improve after 
treatment, as well as serve as a marker of treatment response [ 105 ,  106 ]. Besides 
PET, serum markers of disease activity such as ACE, soluble interleukin 2 receptor, 
chitotriosidase, vascular endothelial growth factor, and IL-6 may also be consid-
ered, although the data supporting their usefulness are sparse and many are avail-
able only in a research setting [ 107 – 109 ].  

  Fig. 5.10    Explant from a patient with “end-stage” lung disease who underwent lung transplanta-
tion. There is substantial fi brosis ( thick arrow ), but in the areas adjacent to more normal lung, there 
are multiple infl ammatory (non-fi brotic) granulomas ( thin arrows ) (courtesy Carol Farver, MD)       
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    Lung Transplantation 

 Sarcoidosis patients comprise 3.5 % of the total population listed for transplantation 
[ 110 ]. According to the International Society for Heart and Lung Transplantation 
(ISHLT) 2012 report, sarcoidosis accounts for 2.5 % of lung and 1.6 % of heart–
lung transplants [ 111 ]. As a result, sarcoidosis is currently the seventh leading cause 
for lung transplantation. Compared to the overall lung transplant population in the 
USA, those with sarcoidosis are younger (45.8 ± 8.8 years versus 48.9 ± 12.3 years; 
 p  < 0.001), and more likely to be female and African American [ 112 ]. These charac-
teristics mirror the population that is affected by sarcoidosis in the USA. 

    Transplant Window 

 The median survival time after lung transplantation is 5½ years. The survival after 
sarcoidosis is no different than for transplant as a whole [ 111 ]. Given the limited 
number of studies, it is unclear if transplantation in patients with advanced pulmo-
nary sarcoidosis leads to improved survival [ 113 ]. Thus, it is advisable to list 
patients at the point in time when the risk for death from advanced disease clearly 
exceeds the risks from transplantation. A second consideration, analogous to that 
for COPD, would be to consider transplantation in an individual with such severely 
symptomatic disease that the risks of transplantation are outweighed by its potential 
for improved quality of life. 

 In general, orthotopic lung transplantation should be considered when the 2-year 
mortality for patients with chronic pulmonary disease is 50 % [ 114 ]. This determi-
nation can be challenging in patients with sarcoidosis since the disease course is 
often long and variable. Despite the longer time-to-death, the risk of death for 
patients with sarcoidosis on the lung transplant list is high. Prior to adoption of the 
Lung Allocation Score (LAS) in 2005, the mortality rate for those on the transplant 
list was estimated to be 30–58 %, a fi gure that higher than for IPF [ 115 – 117 ]. In that 
era, risk factors for death while waiting for lung transplantation included black race, 
higher oxygen requirements, elevated pulmonary artery pressures, and right atrial 
pressure greater than 15 mmHg [ 115 ,  116 ]. Using these data, the ISHLT derived 
guidelines for referral for transplantation which are summarized below [ 117 ]:

•    New York Heart Association functional classifi cation III or IV   

and 
 Any of the following:

•    Hypoxemia at rest  
•   Pulmonary hypertension  
•   Right atrial pressure greater than 15 mmHg    

 However, the ISHLT parameters can be criticized on the basis of referral and 
ascertainment bias, and they have never been validated. As a rule, a decision to 
proceed with evaluation for lung transplantation should include a careful 
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assessment about the course and pace of the disease, the degree of physiologic 
impairment, potential for reversibility or stabilization, absence of data about the 
survival benefi t, and the risk factors listed above.  

    Candidacy 

 Besides severity of pulmonary involvement, predicted mortality, and comorbid con-
ditions, pre-transplant evaluation in patients with sarcoidosis should include a review 
of any extrapulmonary disease burden that could complicate post-transplant man-
agement or represent contraindications for lung transplantation (Table  5.3 ). 
Extrapulmonary sarcoidosis was present in 47 % of patients listed for transplant at 
one US center [ 116 ]. Cardiac involvement is especially important since it may carry 
a high risk of mortality [ 9 ]. Individuals with impaired left ventricular ejection frac-
tion or sustained ventricular dysrhythmias are at higher risk of death and may be 
appropriately considered for heart and lung transplantation [ 118 ]. On the other hand, 
severe right ventricular impairment due to PH may regress after bilateral lung trans-
plantation and does not necessarily indicate a need for a combined procedure [ 119 ].

   Severe liver involvement leading to end-stage liver disease or severe skin involve-
ment with secondary infections are also important issues to consider. At the same 
time, it may be important to emphasize that liver involvement usually follows a 
benign course and would be unlikely to impact the long-term outcome or limit 

  Table 5.3    Suggested 
work-up and testing prior 
to lung transplantation for 
patients with advanced 
pulmonary sarcoidosis  

 Physical exam 
 Chest wall and axial skeleton for mobility 
 Diaphragm movement 
 Evidence for systemic involvement: skin, liver, spleen, 

neurologic, and cardiac 
 Imaging studies 
 Computed tomography scan of the chest 
 Quantitative nuclear medicine ventilation and perfusion scan 
 Functional evaluation 
 Spirometry 
 Lung volumes 
 Diffusing capacity of the lung for carbon monoxide 
 Six-minute walk distance 
 Oximetry at rest and with exercise 
 Cardiac evaluation 
 Echocardiogram with bubble study 
 Right heart catheterization 
 Left heart catheterization 
 Studies specifi c for sarcoidosis 
 Sputum culture for  Aspergillus  
  Aspergillus  serum precipitins 
 Electrocardiogram or 24–72-h ambulatory electrocardiography 
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medication options in most cases. The intensity of screening for extrapulmonary 
disease ideally should focus on manifestations likely to cause morbidity or mortal-
ity, and therefore screening for occult organ involvement (e.g., by whole body PET 
scan) is generally unnecessary. A thorough history and review of systems, as well as 
some basic screening for cardiac sarcoidosis with echocardiogram and ambulatory 
electrocardiography are generally the only tools necessary to determine the extent 
of disease involvement and plan for post-transplant management. 

 As mentioned previously, mycetomas are common in advanced pulmonary sar-
coidosis. Among all explanted lungs with mycetomas, sarcoidosis is the most com-
mon underlying lung disease [ 120 ]. In a series of 303 consecutive explants, the 
presence of a mycetoma was associated with a median survival rate of 16 months 
(versus 57 months for those without mycetomas) and a 2-year survival rate of 14.3 % 
[ 106 ]. However, the accelerated mortality in those with mycetomas cannot be defi ni-
tively attributed to their presence, since other covariates were not analyzed. Antifungal 
therapy may have a role in the prevention of poor outcomes in this setting [ 106 ].  

    Type of Transplantation 

 The decision to list a patient for a single lung, double lung, or heart–lung transplan-
tation involves consideration of the underlying physiology, extrapulmonary involve-
ment, complications of the lung involvement, comorbid conditions, and the 
probability of organ procurement given a patient’s size and ABO blood group. The 
importance of a thorough evaluation and thoughtful consideration should not be 
underestimated since the type of transplantation impacts peri- and post-op care and 
outcomes [ 111 ,  117 ,  121 ]. Survival after lung transplant for sarcoidosis is similar to 
the transplant population as a whole, even for those receiving single lung transplants 
[ 122 ,  123 ]. The development of post-transplant chronic rejection, bronchiolitis 
obliterans syndrome (BOS), is similar in sarcoidosis and IPF [ 108 ]. However, due 
to the higher prevalence of PH and other factors, sarcoidosis patients are more likely 
to receive a double lung transplant (51 % vs. 40 %) or a heart–lung transplant (5.3 % 
vs. 1.4 %) compared to those transplanted for other reasons [ 112 ]. 

 Patients with signifi cant SAPH should be considered for double lung transplan-
tation. It has been theorized that single lung transplantation may risk primary graft 
failure as a result of persistently high vascular resistance in the native lung, leading 
to a disproportionate fraction of the cardiac output fl owing through the donor lung 
[ 121 ]. If there is evidence of signifi cant cardiac sarcoidosis [ 124 ], a combined en 
bloc heart and lung transplantation may be the appropriate choice. 

 It has not been defi nitively demonstrated, but seems theoretically plausible, that 
patients with unilateral mycetomas in the explanted lung may be at increased risk 
for development of de novo fungal infection in the native lung. Therefore, some 
authors have advocated that all patients with mycetomas should receive a double 
lung transplant [ 116 ]. In our center, we routinely prefer to list patients for double 
lung transplantation when possible if there is a history of a mycetoma.  
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    Outcomes 

 Overall intermediate and long-term survival is similar to that for transplant in gen-
eral [ 112 ,  116 ,  122 ,  125 ]. Unadjusted survival rates for the entire lung transplant 
population are 88 % at 3 months, 79 % 1 year, 64 % at 3 years, 53 % at 5 years, and 
30 % at 10 years [ 111 ]. Survival rates based on the ISHLT registry and six retro-
spective studies are summarized in Table  5.4 .

   In contrast to long-term survival, short-term outcomes in sarcoidosis are worse 
than average [ 111 ]. The risk of death within the fi rst year is fourth highest for sar-
coidosis (after re-transplantation, pulmonary arterial hypertension, and miscella-
neous unusual indications) among all the indications for transplant; the relative risk 
for death compared to the overall transplant population is 1.66 (95 % CI 1.25–2.19, 
 p  = 0.0004) [ 111 ]. In analysis conducted prior to adoption of the LAS, black race 
was found to be a risk factor for worse 30-day survival, but it is unclear whether that 
fi nding refl ects intrinsic biologic factors or the effects of delayed access to trans-
plant centers due to socioeconomic factors [ 112 ]. A similar analysis has not been 
published since the LAS was adopted in 2005. 

 BOS is the main cause of mortality after the fi rst year after lung transplant. The 
frequency and severity of episodes of acute rejection is one the most important fac-
tors associated with the development of BOS [ 126 ]. Rates of BOS in sarcoidosis 
reportedly range from 25 to 57 % [ 123 ,  125 ]. In a single center study comparing 
outcomes in sarcoidosis and IPF transplant groups, there was no difference in the 
development of BOS (33.3 % for sarcoidosis vs. 31.2 % for IPF, OR 0.91, 95 % CI 
0.23–4.01,  p  = 1.0) when adjusted for age, race, and gender [ 123 ].  

    Disease Recurrence 

 Sarcoidosis is the most common underlying disease to recur in patients who undergo 
allogenic lung transplantation. Recurrence has been defi ned by the presence of non- 
caseating granulomas in the donor lung tissue not attributable to infection or foreign 
bodies [ 127 ,  128 ]. Recurrence of non-caseating granulomas has been reported in 
kidney, liver, heart, and lung transplant recipients. Interestingly transmission of sar-
coidosis with dissemination to the lungs has occurred after bone marrow transplan-
tation from a donor with sarcoidosis [ 129 ]. 

   Table 5.4    Summary of survival rates in patients with sarcoidosis undergoing lung transplantation 
from six series   

 30 Days  3 Months  1 Year  2 Years  3 Years  5 Years  10 Years 

 Arcasoy ( n  = 12)  –  –   62 %  62 %  50 %  50 %  – 
 Milman ( n  = 7)  –  –  100 %  85 %  85 %  85 %  85 % 
 Nunley ( n  = 9)  100 %  –   67 %  56 %  56 %  –  – 
 Shorr ( n  = 133)   83 %  –  –  –  –  –  – 
 Walker ( n  = 12)   75 %  –   75 %  –  70 %  56 %  – 
 Wille ( n  = 15)  –  86.7 %   80 %  66.7 %  66.7 %  46.7 %  – 
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 Sarcoidosis is estimated to recur in approximately half to two-third of lung 
allografts as early as 14 days after transplantation [ 130 ]. The estimated average time 
to recurrence is 15 months [ 128 ]. However, recurrent sarcoidosis is usually not clin-
ically bothersome [ 122 ,  131 – 133 ]. One multicenter study published as an abstract 
suggested a slight survival advantage in patients with disease recurrence, which was 
attributed to more careful detection and treatment of subclinical rejection [ 134 ]. 
However, there has been at least one reported case where re-transplant was required 
after failure of intensifi ed immunosuppression [ 135 ]. 

 Evidence of recurrence has been reported to precede radiographic evidence of 
disease, and hilar adenopathy is surprisingly absent from descriptions [ 122 ,  128 , 
 131 ,  135 ]. Frequently, the only evidence of the disease is an isolated pathologic 
fi nding at the time of surveillance bronchoscopy [ 122 ,  125 ,  130 ]. Thus the rate of 
recurrence at any given center is likely dependent on surveillance practices. The 
benign course of recurrent sarcoidosis may be related to the fact that patients are on 
immunosuppressive agents to prevent allograft rejection [ 127 ]. 

 Recurrence of sarcoidosis has provided an opportunity to study granuloma forma-
tion. Milman et al. performed fl uorescent in situ hybridization to probe for X- and 
Y-chromosomes on lung tissue from transbronchial biopsies obtained from a single 
lung, graft–sex mismatch patient with recurrent sarcoidosis [ 133 ]. The granulomas in 
that patient were comprised of immune cells from the recipient rather than the donor. 
In another study Ionescu et al. analyzed histiocyte microchimerism to identity the 
origin of the epithelioid cells comprising recurrent granulomas in donor lung [ 127 ]. 
They also concluded that the presence of granulomas in the donor lung signifi es 
repopulation of the donor lung by recipient monocytes. These observations accord 
with the hypothesis that sarcoidosis is caused by a transmissible, poorly degraded 
antigen, fi rst popularized by the Norwegian pathologist, Morten Ansgar Kveim [ 136 ].  

    Our Experience 

 The lung transplantation program at our institution was started in 1990 and in that 
time we have preformed lung transplantation in over 1,155 patients. Of these, 38 
(3.4 %) were in patients with sarcoidosis and 40 % were transplanted after the 2005 
adoption of the LAS. The average age of our cohort is 50 years, 79 % have either 
sequential or en bloc double lung transplantation, and unlike what is reported in the 
lung transplantation literature, 52 % are men [ 115 ,  137 ]. The overall mortality rate 
for this group of patients is 52 % over 20 years.    

    Conclusion 

 Determining when a patient with sarcoidosis has reached the point of irreversible 
loss of lung function (“end stage”) is diffi cult, and it implies futility of further treat-
ment. Instead, there are often specifi c and nonspecifi c therapies that can be benefi -
cial for how a patient feels, functions, or survives. Thus the term “end stage” may 
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not be appropriate in patients with advanced pulmonary sarcoidosis. Not only is 
clinical presentation heterogenous, but functional implications may also vary. Prior 
to referral to lung transplantation, strong consideration for aggressive medical ther-
apy should be considered. Patients should also be monitored for related complica-
tions of advanced lung disease, such as SAPH or mycetoma. However, once a 
referral for transplantation is made, sarcoidosis-specifi c considerations regarding 
candidacy and type of transplantation must be borne in mind. While advanced pul-
monary sarcoidosis may be considered more diffi cult to treat than less severe dis-
ease, a number of interventions can benefi t these patients.     
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    Abstract     There is growing appreciation for the prevalence and impact of pulmo-
nary hypertension in patients with sarcoidosis (SAPH). This chapter will focus on 
the pathophysiology of this complication and its association with patients’ out-
comes, including functional ability and survival. When to suspect complicating 
SAPH will be addressed with a suggested work-up algorithm presented. The poten-
tial role and data supporting the use of pulmonary vasoactive agents in SAPH will 
be addressed. However, there is a paucity of data in this area and the need for further 
investigation in the form of multicenter, double-blind, randomized controlled stud-
ies will be underscored.  

  Keywords     6-min walk   •   Mean pulmonary artery pressure   •   Pulmonary hyperten-
sion   •   Right heart catherization   •   Sarcoid associated pulmonary hypertension  
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  ILD    Interstitial lung disease   
  mPAP    Mean pulmonary artery pressure   
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  NO    Nitric oxide   
  PAH    Pulmonary arterial hypertension   
  PCWP    Pulmonary capillary wedge pressure   
  PDE-5    Phosphodiesterase 5   
  PFTs    Pulmonary function tests   
  PH    Pulmonary hypertension   
  PVR    Pulmonary vascular resistance   
  RAP    Right atrial pressure   
  RHC    Right heart catheterization   
  RVSP    Right ventricular systolic pressure   
  SAPH    Sarcoid-associated pulmonary hypertension   
  TTE    Transthoracic echocardiogram   

          Introduction 

 Sarcoidosis is a multinational disease that is prevalent throughout the world includ-
ing in Europe, the USA, and Japan [ 1 ,  2 ]. In Europe, especially in the Scandinavian 
countries and Ireland, it affects the Caucasian population, while in the USA it tends 
to occur in African Americans more commonly. It has a reported incidence in 
females of 21.6 and in males 15.3 cases per 100,000 population per year [ 2 ]. 

 Sarcoidosis is a multisystem disorder of unknown etiology characterized by the 
formation of non-caseating granulomas in affected tissues, particularly in the lung 
and the lymphatic system. Multiple phenotypes may be found based on the clinical 
presentation, involved organs, disease course, and severity of disease [ 3 ]. However, 
lung involvement is seemingly invariable with up to 95 % of patients manifesting 
some form of pulmonary disease during the course of their lifetime [ 1 ]. 

 The natural history of sarcoidosis in the lung is quite variable and spans the spec-
trum from spontaneous resolution to advanced fi brocystic disease. Fortunately, in 
most cases, there is more of a propensity for the former and hence a more benign 
clinical course, with spontaneous resolution in half of the cases within 2 years from 
disease onset [ 3 ]. However, in about 5 % of cases permanent severe pulmonary 
dysfunction in the form of fi brosis occurs, accounting for most of the morbidity and 
mortality associated with the disease (Fig.  6.1 ) [ 1 ]. Indeed, respiratory failure is the 
most common cause of death from sarcoidosis in the USA and Europe [ 3 ]. As with 
all forms of advanced parenchymal lung disease, there is a growing appreciation for 
the prevalence and impact of pulmonary hypertension (PH) toward the later stages 
of disease. However, sarcoidosis-related pulmonary hypertension (SAPH) may also 
occur in the context of earlier disease stages. As opposed to other forms of fi brotic 
lung disease, where supervening PH tends to be milder, in many cases SAPH is on 
the severe side of the spectrum. The ready availability and use of echocardiography 
has resulted in increased discovery of SAPH which, as an increasingly recognized 
complication of sarcoidosis, will be the focus of this chapter.
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       Overview 

 Pulmonary hypertension is defi ned hemodynamically as an increased mean pulmo-
nary arterial pressure (mPAP) greater than or equal to 25 mmHg at rest on right heart 
catheterization (RHC) [ 4 ]. The reported prevalence of PH in the wide spectrum of 
sarcoidosis patients is between 1 and 28 % at rest and up to 43 % with exercise [ 5 –
 7 ]. PH most commonly occurs in association with advanced stage IV disease, but 
can also occur in the context of relatively normal lung function and preserved paren-
chymal architecture. Patients with recalcitrant dyspnea and normal left ventricular 
function have a higher reported PH prevalence of approximately 53 % [ 8 ]. 
Sarcoidosis patients who are listed for lung transplantation have an even higher rate 
of PH at ~74 % [ 9 ]. In our own clinic, we have found a similar prevalence of PH 
(~75 %) based on right heart catheterization of 104 transplant and non- transplant 
candidates with advanced sarcoidosis evaluated over a 14-year period (Fig.  6.2 ).

   Over the last decade, there has been a surge of interest in sarcoidosis-associated 
PH (SAPH). As a result, there is now a greater understanding of its pathogenesis 
and better characterization of the associated prognosis. Specifi cally, there is a grow-
ing appreciation for the substantial morbidity and mortality that accompanies the 
development of SAPH. What remains somewhat uncertain is whether the PH is a 

  Fig. 6.1    CT scan of chest of stage IV sarcoidosis with associated PH (mPAP 49 mmHg). 
Reproduced with permission of the European Respiratory Society. Eur Respir J. 2012;39:1520–33; 
published ahead of print January 12, 2012, doi:  10.1183/09031936.00175511           
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surrogate for the extent of disease that determines these outcomes or whether it is 
the PH itself that is the primary driver. It is conceivable that both notions are true in 
different patients with “disproportionate” PH playing a larger role in determining 
outcomes in the latter group. This ill-defi ned concept variably termed “dispropor-
tionate” or “out of proportion” PH has led to a growing interest and an emerging 
literature on the potential role of therapies directed at SAPH.  

    Pathophysiology of SAPH 

 The most recent World Health Organization (WHO) conference (Nice, France 
2013) reaffi rmed the categorization of PH into fi ve groups. Group I (Pulmonary 
Arterial Hypertension (PAH)) includes the prototypical entity of idiopathic disease 
and other forms of associated PAH, while group II is PH related to left-sided heart 
disease, group III is associated with underlying parenchymal lung disease, group IV 
is due to chronic thromboembolic disease, and group V is comprised of miscella-
neous conditions [ 10 ]. SAPH remains categorized within the last group since its 
pathogenesis is complex and multifactorial with variable characteristics of the other 
four groups (Fig.  6.3 ) [ 11 ].

   Sarcoidosis might be accompanied by a primary vasculopathic process due to the 
bronchovascular, or more specifi cally perivascular, distribution of the non-caseating 
granulomas. Additionally, there are accompanying fi brotic and fi brocavitary changes 
that typify stage IV disease and result in architectural distortion which invariably 
favors a more central and upper lobe distribution. Parenchymal remodeling may also 
result in vessel tortuosity, turbulent fl ow, and shear stresses which may perpetuate 
the development and progression of PH [ 12 ]. The heterogenous distribution of 
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  Fig. 6.2    Distribution of mean pulmonary artery pressures in relation to the FVC% predicted in a 
cohort of 104 patients with sarcoidosis. The  horizontal dashed lines  and right  y  axis stratify the 
patients by severity of PH (Inova Fairfax Hospital data). Abbreviations:  FVC  forced vital capacity, 
 mPAP  mean pulmonary artery pressure. Reproduced with permission of the European Respiratory 
Society. Eur Respir J. 2012;39:1520–33; published ahead of print January 12, 2012, 
doi:  10.1183/09031936.00175511           
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disease might contribute to the apparent dissociation between the degree of restric-
tive physiology, a surrogate for the parenchymal disease burden, and the prevalence 
and severity of PH. The central predilection specifi cally may involve the proximal 
lobar vessels with a greater propensity for the subsequent development of PH. 
Fibrosis in proximity to the pulmonary arterial circulation may also adversely affect 
the vascular capacitance, a surrogate of vessel stiffness. A low vascular capacitance 
has been demonstrated to portend a worse prognosis in patients with PAH [ 13 ]. If 
the same holds true for the SAPH, this might help explain the signifi cant morbidity 
and mortality implications of even mild elevations in PA pressures. 

 In most parenchymal lung diseases (ILD), it is commonly regarded that mild to 
moderate PH is due to vascular destruction that occurs as the result of fi brosis and 
regional hypoxemia. Until recently the term cor pulmonale was used to describe the 
ensuing development of right heart failure. The concept alluded to previously of 
“out of proportion” or “disproportionate” PH has also been used in reference to PH, 
where the degree of elevation of pressures cannot be explained solely by the hypoxia 
and magnitude of the parenchymal process [ 14 ]. An arbitrary mPAP value of 
35 mmHg or greater has been proposed to identify this category of patients [ 15 ]. 
However, there is as yet a paucity of data to support this concept and this proposed 
level to defi ne it. 
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  Fig. 6.3    Schematic representation of the interplaying factors contributing to the pathogenesis of 
PH in sarcoidosis. Abbreviation:  PVOD  pulmonary veno-occlusive disease. Reproduced with per-
mission of the European Respiratory Society. Eur Respir J. 2012;39:1520–33; published ahead of 
print January 12, 2012, doi:  10.1183/09031936.00175511           
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    Mechanical Destruction of the Distal Capillary Bed 

 The majority of sarcoidosis patients with PH have stage IV radiographic disease and 
associated impaired pulmonary function testing (PFTs) (Fig.  6.2 ) [ 16 ]. PH is therefore 
usually attributed to destruction of the capillary bed by the fi brotic process and regional 
hypoxemic vasoconstriction. However, the severity of PH does not always correlate 
with the degree of parenchymal lung disease and blood gas abnormalities, suggesting 
that other mechanisms may be playing a role [ 5 ,  9 ,  16 ]. Moreover, the degree of PH is 
often apparently disproportionate to functional abnormalities [ 9 ,  16 ,  17 ]. This attests 
to other contributors, either directly related to the pulmonary vasculature or extrapul-
monary in nature, playing important roles in the pathogenesis of SAPH.  

    Granulomatous Vasculopathy 

 Granulomatous involvement of the pulmonary vessels is common in sarcoidosis- 
associated PH and has been described in 69–100 % of patients with PH [ 18 ]. The 
granulomatous infl ammation tends to involve the lung in a lymphatic distribution, thus 
neighboring the granulomas with the pulmonary arteries and veins in the bronchovas-
cular bundles and interlobular septae. The granulomas may be found in all layers of 
the vessel wall, while other pathologic fi ndings commonly seen include infl ammation, 
necrosis, destruction of the musculoelastic media of the small and medium-sized ves-
sels, endothelial proliferation, and disruption of the basal lamina. As a result, an occlu-
sive vasculopathy may develop, especially in the small arterioles and venules [ 18 ,  19 ]. 
When the granulomatous infi ltration involves the pulmonary veins preferentially, this 
may result in a clinical picture that mimics pulmonary veno-occlusive disease (PVOD) 
[ 20 – 22 ]. In situ thrombosis (thrombotic angiopathy) is yet another intravascular 
mechanism described and that may play a role in the pathogenesis of SAPH [ 19 ].  

    Local Vasoreactivity 

 There may also be increased pulmonary vasoreactivity in sarcoidosis, as suggested 
by the favorable acute response to vasodilators, including nitric oxide (NO) and 
prostacyclin. The mechanism for this is not clear, but may be partially explained by 
endothelial damage from sarcoidosis granulomas, with a subsequent decrease in 
synthesis and release of NO and prostaglandins. This may have long-term sequela 
with chronic, pulmonary vasoconstriction and associated remodeling [ 23 ,  24 ].  

    Cytokine Derangement 

 There are a number of cytokines that have been found to be upregulated in sarcoid-
osis that could perpetuate the development of PH. One such example is endothelin-1 
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(ET-1), which has been implicated in the pathogenesis of both idiopathic PAH and 
various interstitial lung diseases [ 25 – 27 ]. One study examining ET-1 concentrations 
in bronchoalveolar lavage (BAL) specimens from patients with various pulmonary 
disorders and healthy controls demonstrated raised ET-1 levels in sarcoidosis 
patients, in comparison to scleroderma and idiopathic pulmonary fi brosis patients 
[ 28 ]. ET-1 is produced primarily by endothelial cells, smooth muscle and airway 
epithelial cells, with production induced by hypoxia, shear stress, and various 
growth factors and cytokines. It is a potent vasoconstrictor which is also thought to 
have long-term vascular remodeling properties [ 27 ]. 

 Tumor necrosis factor alpha which is thought to play a central role in the patho-
genesis of sarcoidosis has also recently been implicated in the infl ammatory path-
way of PAH [ 29 ,  30 ]. Conceptually therefore, the upregulation of these and perhaps 
other cytokines may contribute to the development of PH. The prospect of cytokine 
“cross talk” may therefore provide an additional explanation for the disproportion-
ate PH seen in the context of well-preserved lung volumes.  

    Extrinsic Compression of Pulmonary Vessels 

 Mediastinal or hilar adenopathy and/or interstitial fi brosis can result in mechanical 
extrinsic compression of the large pulmonary arteries and an increased pulmonary 
vascular resistance (Figs.  6.1  and  6.4 ) [ 16 ,  31 – 33 ]. Although occasionally described 

  Fig. 6.4    CT scan of the chest of a SAPH patient with lymphadenopathy ( white arrows ) surrounding 
the right pulmonary artery. Reproduced with permission of the European Respiratory Society. Eur 
Respir J. 2012;39:1520–33; published ahead of print January 12, 2012, doi:  10.1183/09031936.00175511           
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in early stages of sarcoidosis, pulmonary artery compression is much more frequent 
in patients with longstanding disease when lymph nodes become fi brotic and cal-
cify. This mechanism has been demonstrated in 21.4 % of patients with PH and 
radiographic stage IV in one study [ 16 ].

       Extrapulmonary Manifestations 

 In some cases, extra-pulmonary manifestations of sarcoidosis may also contribute 
to the development of PH. Not infrequently, direct myocardial involvement by gran-
ulomas and myocardial fi brosis may lead to left ventricular systolic and diastolic 
dysfunction [ 34 ]. In one study, 30 % of sarcoidosis patients with evidence of PH 
demonstrated elevated pulmonary capillary wedge pressures (PCWP). This under-
scores the need to rule out left-sided heart disease in the comprehensive evaluation 
of PH related to sarcoidosis [ 17 ]. As with all forms of PH, right heart catheterization 
is therefore mandatory in establishing the diagnosis. 

 Hepatic granulomatous infi ltration and subsequent cirrhosis may be seen as a 
complication of the disease and therefore portopulmonary hypertension should be 
considered in patients with stigmata of liver dysfunction [ 35 ]. Other common 
comorbidities, which are not necessarily sarcoidosis specifi c, should not be over-
looked if patients are thus predisposed. For example, the prevalence of obstructive 
sleep apnea (OSA) in sarcoidosis has been reported to be 17 %, which is much 
higher than what might be expected in a healthy patient population [ 36 ]. 

 A potential link between sarcoidosis and thromboembolic events has been 
emphasized in two epidemiological studies both in the USA and Europe [ 37 ,  38 ]. 
However, whether or not sarcoidosis patients are more predisposed to chronic 
thromboembolic disease (CTEPH) remains to be determined.   

    Impact and Outcomes of PH in Sarcoidosis 

 The presence of PH has been shown to be associated with greater supplemental 
oxygen requirements and reduced exercise capacity [ 39 ]. Additionally, its burden 
on functional and employment status is substantial [ 9 ], with greater caregiver 
dependency resulting [ 39 ]. The mortality implications of any PH in the context of 
sarcoidosis are also profound with a >10-fold increase in mortality and an associ-
ated estimated 5-year survival of only 59 % [ 16 ,  17 ]. SAPH patients are more likely 
to be listed for lung transplantation and not surprisingly, based on the data prior to 
inception of lung allocation score (LAS), also had a greater likelihood of succumb-
ing while on the wait list [ 9 ,  40 ]. 

 One of the issues in sarcoidosis, as with all forms of parenchymal lung disease 
associated PH, is whether patients are succumbing because of PH or in the presence 
of PH. With regards to the latter scenario, it might be that PH is a surrogate for other 
disease-related processes that are driving mortality. In any event, the occurrence of 
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SAPH has been shown to confer an up to 8.1-fold increase risk of mortality with 
intractable right heart failure as a signifi cant mortality contributor [ 41 ]. Indeed, in 
one study demonstrating the association of PH with mortality, the only hemody-
namic factor that remained predictive of outcomes after multivariable analysis was 
the right atrial pressure (RAP) [ 40 ]. Moreover, this analysis also demonstrated 
hemodynamic progression of PH in the patient cohort. This evidence of right-sided 
heart failure suggests that patients with SAPH are indeed dying from their PH once 
it progresses, rather than the PH being an epiphenomenon.  

    Clinical Presentation and Diagnostic Testing 

 The most common symptom of SAPH is worsening dyspnea on exertion. This 
makes the diagnosis of PH in sarcoidosis diffi cult, as the symptom is frequently 
attributed to the underlying parenchymal lung disease [ 42 ]. Moreover, one study 
reported no difference in the presenting symptoms in patients with and without 
SAPH [ 5 ]. The clinical signs of right heart failure also have a low sensitivity, mani-
festing in as few as 21 % of patients with SAPH [ 5 ]. Nevertheless, a high index of 
suspicion should be maintained and PH should be suspected in any patient with 
symptoms that appear to be out of proportion to the degree of their underlying 
parenchymal disease. A heightened index of suspicion for PH in the context of other 
common symptoms including lower extremity swelling, dizziness, chest pain, syn-
cope, or even palpitations, is prudent. 

 One prospective study of a large cohort of sarcoidosis patients with the hemody-
namic diagnosis of SAPH demonstrated that prolonged disease duration, advanced 
parenchymal disease, and a single breath diffusing capacity for carbon monoxide 
(DL CO ) less than 50 % of predicted were all associated with the development of PH [ 43 ]. 

 A number of retrospective studies have sought to examine the association of 
radiographic, physiological, and laboratory factors with the presence of SAPH. 
Although PH is more common in patients with advanced fi brosis, there are no spe-
cifi c radiographic fi ndings that predict the presence or absence of PH [ 6 ,  16 ]. Patients 
often have hilar fullness on chest roentgenography, however, this may be due to either 
adenopathy or pulmonary artery enlargement. Computed tomography (CT) chest 
scans can be very helpful in providing the structural detail necessary to differentiate 
these. The presence of enlarged PA segments (diameter greater than 29 mm or diam-
eter larger than that of the ascending aorta) on CT scanning should raise the suspicion 
for underlying PH, although the predictive accuracy of these fi ndings does require 
further study in sarcoidosis patients. There are additional CT fi ndings that should 
raise the suspicion for PH including evidence of extrinsic compression of large pul-
monary arteries by lymphadenopathy or fi brosis (Fig.  6.4 ). One study demonstrated 
that patients with SAPH had a signifi cantly higher frequency of ground-glass attenu-
ation and septal lines as compared to sarcoidosis controls without PH [ 16 ]. 

 Blood tests that have been shown to correlate with the presence or severity of PH 
include brain natriuretic peptide (BNP) and N-terminal fragment-proBNP 
(NT-proBNP) levels. There are data to suggest that an elevated BNP is a marker of 

6 Sarcoidosis-Associated Pulmonary Hypertension



120

a poor prognosis in patients with chronic lung diseases [ 44 ]. In one study of patients 
with interstitial lung disease, an elevated BNP was the strongest predictor of overall 
mortality, independent of the severity of the underlying fi brosis [ 45 ]. However, the 
BNP might be a global biomarker of cardiac dysfunction, rather than being specifi c 
for PH. Indeed, in a recently published echocardiography-based prospective study 
of 150 Japanese patients with sarcoidosis, NT-proBNP was found to be a useful 
biomarker in identifying cardiac sarcoidosis, but not PH [ 46 ]. 

 A study of 212 ILD patients, 10 % of whom had sarcoidosis, examined the rela-
tion of NT-proBNP, fi brin, D-dimer, troponin-T, uric acid and exhaled nitric oxide 
(NO) to the presence of PH and mortality. The analysis suggested that a NT-proBNP 
value <95 ng/l may be used to accurately rule-out the presence of PH in ILD, while 
an abnormally high uric acid indicates the possibility of PH. NT-proBNP, troponin-
 T, uric acid and fi brin D-dimer, but not exhaled levels of NO, were all demonstrated 
to have prognostic value in predicting PH or mortality [ 47 ]. 

 Pulmonary function data may provide helpful information. Specifi cally, there is 
some indication that the lower the DL CO , the greater the likelihood of underlying 
PH. A DL CO  < 60 % of predicted has been reported to be associated with a sevenfold 
increase in prevalence of underlying PH [ 48 ]. Although SAPH patients tend to have 
more restrictive disease, the correlation between PH and measures of lung volumes 
is poor, since PH can develop at any stage of the underlying disease (Fig.  6.2 ). 
Although the ability of the forced vital capacity (FVC) %/DL CO  % ratio in screening 
for PH has never been tested in sarcoidosis, several authors have postulated that a 
high ratio (>1.4–1.5), refl ecting a disproportionately reduced DL CO , alone or 
together with the oxygen saturation (SpO 2 ), may be a better screening tool for PH in 
ILDs than any other pulmonary function test parameter [ 49 ,  50 ]. 

 SAPH patients have greater supplemental oxygen needs, shorter 6-min walk test 
distances (6MWT) and lower oxygen saturations (SpO 2 ) with exercise than sarcoid-
osis patients without complicating PH [ 5 ,  9 ]. Patients who desaturate below 90 % 
are 12-fold more likely to have associated PH [ 48 ,  51 ]. Conversely, the absence of 
desaturation below 90 % with exercise implies a low likelihood of signifi cant PH 
[ 48 ,  51 ]. In a cohort of sarcoidosis transplant candidates, the amount of supplemen-
tal oxygen requirements was associated with the presence and severity of PH after 
adjusting for multiple covariates including age, gender, race, FVC, FEV 1 , and 6-min 
walk (6MWT) distance [ 9 ]. The association of PH with a lower SpO 2  raises the 
pathophysiologic conundrum of whether the PH causes the desaturation or if hypox-
emia perpetuates the PH. It is likely that both scenarios are true with each pathologic 
element perpetuating the other. Therefore, any hypoxemia should warrant institu-
tion of supplemental oxygen, especially in the presence of documented PH [ 51 ]. 

 PH can affect both the distance attained as well as the oxygen saturation (SpO 2 ) 
nadir during the course of a 6MWT. The multisystem nature of sarcoidosis invokes 
other reasons for a lower distance attained during the 6MWT. Therefore it is possi-
ble that the distance component is more useful to evaluate response to therapy, 
rather than as a screening tool for PH [ 33 ,  51 ,  52 ]. In an attempt to account for the 
impact of both the distance and SpO 2  components on the 6MWT, the composite 
distance saturation product (DSP) has been examined in sarcoidosis. Indeed, in 
comparison to the 6MWT distance, a lower DSP correlated with a greater number 
of factors associated with decreased functional status in sarcoidosis patients [ 53 ]. 
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 Continuous Doppler fl ow transthoracic echocardiogram (TTE) is the most reli-
able noninvasive test to screen for the presence of PH in the absence of concomitant 
lung disease. TTE allows calculation of the right ventricular systolic pressures 
(RVSP) from the maximal velocity of the tricuspid regurgitation jet together with an 
estimation of the right atrial pressure. However, there are inherent variables that can 
affect the accuracy of this calculation, which may be further compromised in the 
presence of chronic lung diseases [ 54 ]. For example, in a study of 374 subjects with 
various forms of advanced lung disease including sarcoidosis, the RVSP could only 
be estimated in 44 % of the patients. Additionally, in approximately one half of 
these cases, pressure estimations were inaccurate when compared to right heart 
catheterization measurements. TTE tends to overestimate but can also underesti-
mate the true RVSP, and therefore does not have suffi cient predictive properties to 
be solely relied on to diagnose or rule out PH [ 54 ]. However, TTE is very useful in 
assessing for other cardiac abnormalities, such as left ventricular systolic or dia-
stolic dysfunction, valvular abnormalities, the presence of shunts, and pericardial 
effusions [ 52 ]. In the absence of tricuspid regurgitation, the diagnosis of PH should 
still be suspected when there are signs of right ventricular (RV) dysfunction, includ-
ing dilatation, hypertrophy, decreased systolic function as well as fl attening or bow-
ing of the interventricular septum [ 52 ]. The presence of any of these should prompt 
RHC to further characterize the pulmonary hemodynamics [ 42 ] (Fig.  6.5 ).

   As with all forms of PH, RHC remains the gold standard for the diagnosis of PH 
in sarcoidosis. In addition to allowing the direct measurement of the pulmonary 
artery pressures (PAPs), the right atrial pressure and cardiac output are also obtained, 

Patients with persistent or “out of proportion” dyspnea

Increased PA segment(>30 mm) *
Stage IV fibrocystic disease

Transthoracic echocardiogram

RVSP>35 mmHg*
TR >2.5m/s *

Right ventricular dilation or dysfunction

RHC

CT angiogramPFTs 6MWT

↑NTpro-BNP

DLco<35%*
FVC/DLCO ratio >1.5*

Desaturation <88% during RA 6MWT*
Distance<200 meters*

DSP<180*
Pulse rate recovery<13 beats/min*

New desaturation with stable lung volumes

Evidence of LV dysfunction

? with LHC

* All of these thresholds have not been validated as indicators
of PH in sarcoidosis and represent the opinion of the authors

  Fig. 6.5    Screening and work up algorithm in sarcoidosis patients with suspected PH       
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all of which impart additional important prognostic information [ 39 ,  40 ]. Measurement 
of the PCWP is also essential in differentiating between arterial and venous pulmo-
nary hypertension [ 17 ], as the results dictate a different management approach. Once 
PH is diagnosed, even in the presence of a cause, a comprehensive workup is still 
recommended to rule out other contributory factors, such as OSA, CTEPH, portopul-
monary hypertension, HIV, and concomitant connective tissue disease.  

    Management of PH in Sarcoidosis 

 The optimal management approach to SAPH is unknown and based on limited evi-
dence. Modifi able risk factors and comorbidities should be sought and treated where 
indicated. Hypoxemia correlates to some extent with the severity of PH, and supple-
mental oxygen is thus recommended to reverse resting, nocturnal and exertional 
hypoxemia. The presence of any contributory co-morbidities, including OSA, car-
diac dysfunction or thromboembolic disease, warrants standard therapeutic inter-
ventions [ 33 ]. The treatment of sarcoidosis with anti-infl ammatory and other 
immunomodulating therapies has a theoretic role if the predominant pathologic 
potentiator of the PH is active sarcoidosis. However, such an approach has not dem-
onstrated consistent benefi ts with response rates of only 20–30 % reported in small 
series [ 16 ,  55 – 57 ]. Moreover, no studies with Stage IV disease patients, which is the 
most common stage associated with PH, showed a signifi cant hemodynamic 
response to corticosteroids. Thus, steroids ought to be considered only for patients 
with evidence of active disease and/or compression of central vascular structures by 
bulky lymphadenopathy [ 56 ,  57 ]. 

 The use of currently available pulmonary vasoactive agents is controversial since 
there have been no randomized, placebo-controlled studies to demonstrate their effi -
cacy in sarcoidosis patients. According to the ERS Task Force guidelines, the use of 
PAH targeted therapy is discouraged in Group 3 or 5 PH when the mPAP is less than 
40 mmHg. It may be considered in patients with “out of proportion” PH and should 
be offered by PH referral centers, ideally in the context of randomized controlled 
trials with judicious monitoring [ 58 ]. There is a theoretical possibility to do more 
harm than good in patients with signifi cant parenchymal lung disease due to poten-
tial ventilation/perfusion mismatching resulting in worsening hypoxemia. In addi-
tion, it is also possible that a pulmonary edema pattern might be precipitated in 
patients with pre-existing PVOD-like lesions [ 33 ,  42 ,  52 ]. Despite these cautionary 
caveats, there are a number of small case series attesting to the potential utility of 
PAH-specifi c therapies in patients with sarcoidosis (Table  6.1 ). A recently initiated 
registry of SAPH patients (RESAPH) will hopefully provide a wealth of data on both 
the clinical course and impact of available therapies in this patient population [ 59 ].

   The currently available approved therapies for WHO group 1 PAH target one of 
three pathways, which include the endothelin, nitric oxide, and prostacyclin path-
ways. If any one of these pathways plays more of a role in SAPH remains to be 
determined as are the effects of therapies that target these. 
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    The Endothelin Pathway 

 The fi nding of increased endothelin-1 levels in patients with sarcoidosis and con-
comitant PH provides a rationale for the use of endothelin receptor antagonists 
(ERAs) in these patients. Experience in SAPH, however, is mostly limited to a few 
retrospective case series, where ERAs have been used either alone or in combina-
tion with other medications. Baughman and colleagues reported fi ve patients in 
whom there was a decrease in the mPAP from an average of 50 to 35 mmHg after at 
least 4 months of treatment [ 8 ]. Another study described seven patients treated 
either with bosentan alone ( n  = 3) or in combination with prostanoids ( n  = 4), in 
whom ~50 % responded to therapy after 6–18 months of follow-up [ 60 ]. A two- 
center retrospective study by Barnett et al. reported outcomes in 22 SAPH who 
received a variety of vasoactive therapies, including bosentan ( n  = 12) and sildenafi l 
( n  = 9) [ 61 ]. An overall improvement in the mPAP, pulmonary vascular resistance 
(PVR) and 6MWT distance was demonstrated, especially in those patients with 
limited fi brosis. Despite this apparent salutary response, the overall prognosis 
remained quite poor, with a 3-year survival of only 74 %. 

 There has been one open-label study of ambrisentan, a selective endothelin 
receptor A blocker, in 21 patients with SAPH. Unfortunately this drug was not well 
tolerated by a signifi cant proportion of these subjects, and the 6-min walk distance 
(the study’s primary endpoint) did not improve. In subjects who did tolerate ambris-
entan, there was a large improvement in WHO functional class and health related 
quality of life, although it failed to reach statistical signifi cance [ 62 ]. A large pro-
spective randomized 16-week study of bosentan in this patient population is cur-
rently underway, with an anticipated completion date of early 2013 [ 63 ].  

    Nitric Oxide and Phosphodiesterase Inhibitors 

 Nitric oxide is potent vasodilator with a very short half-life that may be delivered 
via the inhaled route. There is one report describing the use of ambulatory inhaled 
NO in eight patients with sarcoidosis, of whom fi ve had improvements in their 
6MWT distance [ 23 ]. This may become a feasible therapeutic option as several 
ambulatory delivery systems are currently under development. The NO pathway 
may be targeted by selective phosphodiesterase type 5 inhibitors (PDE-5). This 
blockade increases local NO levels in the arterial smooth muscle cells, thereby pro-
moting short and long-term vasodilation and possibly long-term antiproliferation of 
vascular smooth muscle cells [ 33 ,  42 ]. Aside from the nine patients reported in the 
Barnett paper, there is one additional retrospective study of 12 patients treated with 
sildenafi l for a range of 1–12 months [ 61 ,  64 ]. Although no signifi cant change in the 
6MWT distance was observed, the study did demonstrate an improvement in the 
pulmonary hemodynamic profi le with a reduction in the mPAP and PVR accompa-
nied by an increase in the cardiac index. Although these fi ndings are encouraging, 
the ultimate role of phosphodiesterase 5 (PDE-5) inhibitors in SAPH remains to be 
determined by further prospective studies.  
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    The Prostacyclin Pathway 

 This pathway is targeted by prostanoid analogues that may be administered intrave-
nously, subcutaneously, or via the inhaled route. These agents are potent vasodila-
tors which may also inhibit platelet aggregation [ 30 ,  33 ]. There is very limited data 
on use of IV epoprostenol in SAPH. In one study of six patients with advanced 
fi brotic disease there was an improvement in functional class in all but one of the 
patients [ 65 ]. Improvements in functional class and pulmonary hemodynamics have 
also been demonstrated in another study that included the use of either inhaled nitric 
oxide (iNO) or iNO in combination with epoprostenol [ 30 ]. Finally, an open-label 
study of inhaled iloprost in 22 patients demonstrated hemodynamic improvement in 
six patients, with a >20 % decrease in the PVR [ 66 ]. Additionally, there were down-
stream clinical correlates noted with an overall increase in the 6MWT distance 
(~30 m) and improvements in patients’ quality of life.   

    Conclusion 

 The cumulative evidence from the growing body of literature suggests a potential 
benefi t of PAH-specifi c agents in select patients with SAPH. However, before these 
therapies can be universally endorsed and adopted, it is essential for the appropriate 
prospective, randomized, double-blind clinical trials to be undertaken and com-
pleted. Such studies are mandatory to validate that such a therapeutic approach is of 
benefi t as well as to best defi ne the patient phenotypes most likely to respond and 
least likely to deteriorate from therapy. In the absence of such trials, if any such 
therapy is contemplated, it should be implemented with caution and with the full 
consent of the patient. Each case should be treated as an “N of one” study with close 
serial follow-up. Monitoring of patients should include an assessment of their 
symptoms, the impact on their quality of life and an objective functional study, such 
as the 6MWT. Consideration should be given to discontinuing the medication in the 
absence of any improvement or in the presence of any untoward side-effects.     
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    Abstract     The monitoring of serial changes in disease severity is an essential part of 
the clinical management of pulmonary sarcoidosis. Historically, symptomatic 
change, pulmonary function trends, and changes on serial imaging have all been 
evaluated in routine practice. However, each of these three domains has signifi cant 
limitations when used in isolation. Symptomatic change is confounded by the long 
list of causes, other than change in the severity of interstitial lung disease, for serial 
reductions in exercise tolerance. The interpretation of pulmonary function trends is 
complicated by (a) the major heterogeneity in pulmonary function patterns in sar-
coidosis; (b) the limitations of thresholds for “signifi cant” change; and (c) the fact 
that pulmonary function trends do not always represent changes in the severity of 
pulmonary sarcoidosis. Serial chest radiography is somewhat insensitive in the detec-
tion of change and uncertainties exist on the optimal method of quantifying radio-
graphic change. Given these limitations, a multidisciplinary approach is required in 
the routine monitoring of pulmonary sarcoidosis, with the reconciliation of symp-
tomatic change, radiographic change, and pulmonary function trends, although no 
guidance on this process exists in current guidelines. This principle applies equally 
to defi ning responses to treatment, detecting changes in disease severity in other 
contexts and the identifi cation of increasing pulmonary vascular disease.  

  Keywords     Monitoring   •   Pulmonary sarcoidosis   •   Pulmonary function tends   •   Chest 
radiography   •   Symptomatic change  

    Chapter 7   
 Monitoring Pulmonary Sarcoidosis 

             Athol     U.     Wells     

        A.  U.   Wells ,  M.D.      (*) 
  Interstitial Lung Disease Unit ,  Royal Brompton Hospital ,   C/O Emmanuel Kaye Building, 
Manresa Rd ,  Chelsea, London ,  SW3 6LR ,  UK   
 e-mail: Athol.Wells@rbht.nhs.uk  



130

        Introduction 

 In the most recent international consensus document on the management of sarcoid-
osis states, it was recommended that serial chest radiography and spirometry should 
be used to identify changes in disease severity [ 1 ]. This deceptively simple state-
ment summarises routine clinical practice during previous decades but does not 
capture the major limitations in the application of these tests to routine monitoring 
in individual cases. In the absence of a reference standard for the identifi cation of 
change in disease severity, accumulated clinical experience has taught clinicians 
that in interstitial lung disease, “objective” evaluation of change in severity is more 
reliable than subjective symptomatic change [ 2 ]. Tellingly, in the 1999 recommen-
dations, symptomatic change was not given the same weight as serial radiography 
and spirometry in routine monitoring [ 1 ]. 

 This point of view is based on the view that the primary goals in monitoring 
pulmonary sarcoidosis are to identify regression of disease with treatment and to 
detect clinically important disease progression with a view to therapeutic interven-
tion, in order to prevent increasing respiratory disability. However, in reality, when 
pulmonary disease severity is mild to moderate, as judged by “objective” measures, 
therapeutic intervention is often directed primarily towards addressing disabling 
loss of quality of life which may result from unrelenting cough or wheeze due to 
bronchial hyper-reactivity, even in the absence of severe pulmonary involvement, as 
judged by imaging and pulmonary function tests. It follows logically that the fi rst 
step in routine monitoring is to focus on changes in symptoms: often, changes in 
therapy are warranted for symptomatic reasons, even when disease appears to be 
stable, judging from serial chest radiography and pulmonary function tests. Accurate 
monitoring requires multidisciplinary evaluation, amounting to the reconciliation of 
overall disease severity and symptomatic chest radiographic and pulmonary func-
tion change. Only by integrating all these considerations can a clear judgement be 
made as to whether treatment changes are needed to address unacceptable loss in 
quality of life in isolation or whether there is overt pulmonary disease progression, 
signalling a risk of future disability due to loss of pulmonary reserve. It should be 
stressed that when the full range of pulmonary disease severity is taken into account, 
accumulated experience has taught us that intervention is required solely for symp-
tomatic reasons as often it is for major (“dangerous”) disease progression. 

 A glossary of abbreviations for routine PFT is given in Table  7.1 .

  Table 7.1    A glossary of 
abbreviations for routine 
pulmonary function variables  

 DLco  Carbon monoxide diffusing capacity 
 FEV1  Forced expiratory volume in 1 s 
 FVC  Forced vital capacity 
 Kco  Carbon monoxide transfer coeffi cient 
 RV  Residual volume 
 TLC  Total lung capacity 
 VA  Alveolar volume 
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       Symptomatic Change in Monitoring 

 However, if the importance of evaluating symptomatic change in monitoring pulmo-
nary disease is sometimes understated, the diffi culties that may arise in interpreting 
symptomatic change cannot be overemphasised. Pulmonary involvement is often 
accompanied by systemic manifestations which may have a profound effect on the 
level of exercise tolerance, both at a single point in time and with regard to serial 
change. Fatigue is common in sarcoidosis and often disabling [ 3 ]. When severe 
fatigue is present in sarcoidosis, it can be diffi cult for the patient to deconstruct the 
relative contributions of fatigue and loss of pulmonary reserve to changes in exer-
cise tolerance, with the two symptoms often amalgamated as “breathlessness”. 
Musculoskeletal involvement (whether of joints or muscles) is also a major con-
founding factor. Arthralgia and myalgia may result in major increases in the work of 
locomotion, giving rise to severe exertional dyspnoea, even in the absence of pulmo-
nary involvement. Limitation due to systemic or stable pulmonary disease may also 
lead to signifi cant reductions in exercise tolerance due to inactivity with consequent 
weight gain and loss of fi tness. As discussed later, exercise testing has no routine 
role in the monitoring of pulmonary sarcoidosis. However, when increasing exercise 
intolerance is associated with systemic morbidity, the 6-min walk test may provide 
invaluable information. It is sometimes obvious from observation of the patient that 
exercise limitation is primarily due to non-pulmonary factors, especially when oxy-
gen saturation is normal when dyspnoea causes early cessation of the test. 

 However, diffi culties in interpreting symptomatic change are not confi ned to 
extra-pulmonary confounding factors. Progressive reductions in exercise tolerance 
in the setting of stable interstitial lung disease may result from cardiac involvement, 
pulmonary vascular disease, or infection. Increasing cardiac or pulmonary vascular 
limitation, in particular, may simulate progression of pulmonary sarcoidosis as 
worsening exertional dyspnoea is often the sole clinical manifestation of advancing 
disease. Whenever progressive exercise limitation appears disproportionate to the 
severity of pulmonary disease, cardiac evaluation is appropriate. 

 Acute or subacute infection is an occasional cause of apparent progression of 
pulmonary sarcoidosis but is often disclosed by sputum production or systemic 
symptoms. However, the extra-pulmonary symptoms of infection may be sup-
pressed by immunosuppression and, when present, may be diffi cult to distinguish 
from symptoms due to systemic sarcoidosis. Moreover, in treated patients with 
advanced fi brotic disease, the clearance of infected secretions may be compromised 
due to a combination of structural damage and the inhibition of host defence mecha-
nisms by immunosuppressive therapy. Supervening chronic lung suppuration may 
result in insidiously increasing exercise intolerance which is diffi cult to distinguish 
from worsening pulmonary sarcoidosis. Chronic  Aspergillus  infection with asper-
gillomas or, less frequently, semi-invasive aspergillosis is a notorious complication 
of advanced fi bro-bullous pulmonary sarcoidosis [ 4 ] and is often associated with 
low-grade systemic symptoms which may be suggestive of systemic sarcoidosis 
disease activity. 
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 Finally, in sarcoidosis patients with a predominantly obstructive ventilatory 
defect, bronchial hyper-reactivity due to endobronchial infl ammation may give rise 
to cough, wheeze, and variable exercise intolerance, without necessarily being indic-
ative of progressive interstitial lung disease [ 5 ]. The clinical diffi culty in this context 
usually lies in discriminating between this presentation and concurrent asthma. The 
distinction is less problematic when bronchocentric symptoms develop only after the 
onset of sarcoidosis and are associated with increasing chronic airfl ow obstruction. 
However, in patients with low-grade cough and wheeze, and in those with long-
standing asthma, it is often diffi cult to ascribe symptoms to pulmonary sarcoidosis. 

 In summary, the interpretation of symptomatic change in pulmonary sarcoidosis 
requires the consideration of all the confounding factors discussed above. It might 
be supposed that studies of symptomatic change in sarcoidosis (whether centred on 
exercise tolerance or quality of life) might provide useful guidance to the clinician. 
However, in reality, the validation of dyspnoea and quality of life scales, although 
providing a means of evaluation of cohort change in therapeutic trials, add little or 
nothing to routine clinical monitoring in individual patients. The use of semi- 
quantitative scales may allow symptomatic change to be described with greater pre-
cision but do not distinguish between progression of pulmonary disease and the 
many confounders that may confuse the clinical picture. It should also be stressed 
that in insidiously progressive pulmonary sarcoidosis, signifi cant progression of 
interstitial lung disease may occur without symptomatic worsening, especially in 
patients with mild to moderate disease and a good pulmonary reserve. For all these 
reasons, symptomatic change, although a key consideration in routine monitoring, 
cannot be used in isolation. The many causes of declining exercise tolerance are 
listed in Table  7.2 . The objective evaluation of change in disease severity is required, 
using pulmonary function tests and chest radiography.

   Table 7.2    Possible reasons for increased exertional dyspnoea, with causes due to sarcoidosis 
disease activity emboldened   

 Pulmonary causes   Progression      of interstitial lung disease  
  Bronchial hyperactivity due to airway involvement  
 Acute or subacute infection 
 Chronic infection (especially  Aspergillus  infection) 

 Cardiac causes   Pulmonary hypertension  
  Cardiac sarcoidosis  
 Coexistent cardiac disease, unrelated to sarcoidosis 

 Musculoskeletal causes   Arthritis  
  Myositis  
  Chest wall discomfort  
 Coexistent arthritis, unrelated to sarcoidosis 

 Other systemic causes   Fatigue  
  Anaemia  

 Iatrogenic causes  Corticosteroids (weight gain, myopathy) 
 Methotrexate (interstitial lung disease) 

 Other causes  Weight gain 
 Loss of fi tness 
 Psychogenic factors 
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       Pulmonary Function Tests in Monitoring 

 In routine monitoring, serial pulmonary function tests have consistently had a cen-
tral role. In interstitial lung disease, pulmonary function variables have long been 
regarded as a more accurate refl ection of the underlying histologic severity of dis-
ease than symptoms and chest radiography [ 2 ]. However, it should be stressed that 
in pulmonary sarcoidosis, the prognostic accuracy of pulmonary function trends 
has not been “validated” against subsequent mortality. It is likely that standard 
monitoring in sarcoidosis has been infl uenced by studies of idiopathic pulmonary 
fi brosis (IPF), which have consistently shown that serial declines in FVC are pre-
dictive of increased mortality [ 6 – 8 ]. In sarcoidosis, there is no reference standard 
for change in pulmonary disease severity. In particular, the relatively low mortality 
and greater effi cacy of treatment in sarcoidosis (compared to IPF) have undermined 
the use of mortality as an “anchor” against which to evaluate the prognostic value 
of pulmonary function trends. By default, clinical experience in monitoring change 
in IPF and other progressive forms of pulmonary fi brosis has been adapted to the 
serial evaluation of sarcoidosis. The current recommendations in IPF [ 9 ] that FVC 
and DLco levels should be monitored at three to six monthly intervals have largely 
captured routine practice in pulmonary sarcoidosis early in the course of disease, 
when the primary clinical question is whether disease has stabilised, with or with-
out treatment. Similarly, in both sarcoidosis and IPF, responses to higher dose ther-
apy have been largely defi ned by short-term pulmonary function trends, usually at 
4–6 weeks. 

 The central role of serial FVC in monitoring is based on ease of performance and 
reproducibility. Pulmonary function trends are stated as percentage changes from 
absolute baseline values. Calculations of change are made from absolute values, 
rather than from percentages of predicted normal values, because the latter are infl u-
enced by patient age and are modifi ed if the birthday of the patient occurs within the 
time interval of monitoring. Thus, a change in FVC from 2.0 to 1.8 l represents a 
10 % decline, but a change from 60 to 54 % of predicted cannot be interpreted with 
quite the same precision. This is an important consideration because a 10 % change 
in FVC has been considered to denote “signifi cant change” and this threshold has 
been widely used by clinicians to identify a response to treatment or, in the event of 
a 10 % decline, progression of disease. 

 It should be stressed that the designation of threshold values to defi ne “signifi -
cant change” comes from studies of the variability of individual variables in normal 
subjects and, to a lesser extent, in patients with pulmonary disease. In reproducibil-
ity studies, FVC values have differed by less than 10 % at repeat measurement in 
approximately 95 % of cases (and thus the threshold of 10 % represents two stan-
dard deviations of FVC change). 

 In pulmonary function laboratories with rigorous quality assurance and regular 
evaluation of normal biological control subjects (e.g. healthy staff members), it is 
possible to achieve greater FVC reproducibility [ 10 ], but the threshold of 10 % is 
broadly applicable to routine pulmonary function estimation. Crucially, based on 
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this threshold, spurious change in FVC values of 10 % or more due to measurement 
variation can be expected on repeat testing in 5 % of normal subjects and sarcoid-
osis patients. A 10 % threshold to identify change that is likely to exceed measure-
ment variation is also appropriate for FEV1. 

 By contrast, the estimation of DLco is less reproducible and a 15 % threshold for 
change is needed to minimise the confounding effect of measurement variation. In 
part, this refl ects the fact that the quantifi cation of DLco is relatively complex, with 
a number of technical variations in measurement protocols that differ between pul-
monary function laboratories. For this reason, DLco trends defi ned by measure-
ments made at different laboratories are notoriously inaccurate, an important 
consideration in patients who are referred to a regional centre or change their city of 
residence. However, even when patients are evaluated in the same pulmonary func-
tion laboratory, a 15 % threshold for “signifi cant change” is appropriate. Variability 
in DLco estimation is signifi cantly reduced with daily calibration of lung function 
equipment against normal biological controls, but this is seldom practicable. It 
should not be overlooked that DLco levels are a composite of  two  measurements, 
each with its own inherent variability. Carbon monoxide uptake is measured per unit 
volume (corresponding to the gas transfer coeffi cient or Kco) and is adjusted by the 
alveolar volume, which is derived from helium dilution in the same measurement 
manoeuvre. Much confusion has arisen from the term “DLco/VA” as a widely used 
synonym for Kco, implying incorrectly that DLco and VA are the cardinal measure-
ments and that Kco is a derived ratio [ 11 ]. 

 It should be recognised that no formal comparison exists in pulmonary sarcoid-
osis between change in FVC as described above, expressed as percentage change of 
absolute baseline values, and a number of alternative approaches. In some treatment 
trials in IPF, change in predicted normal values has been used with a 10 % threshold 
for decline representing a fall in FVC values from, for example, 60–50 % of pre-
dicted normal. This higher threshold has also been used in routine monitoring by 
some clinicians but suffers from the disadvantage that in severe disease, major 
change (e.g. a fall from 40 to 30 %) is required before it is designated as “signifi -
cant”. In any case, as measurement variation is quantifi ed as variation from  mea-
sured  values, the designation of thresholds for “signifi cant” change based on 
predicted normal values appears illogical. The use of FVC, rather than other lung 
volumes such as TLC and VA, refl ects the ready availability and ease of perfor-
mance of simple spirometry and the view that FVC trends and trends in other vol-
umes provide essentially the same information. 

 Based on these considerations, can FVC change, evaluated in isolation, be 
viewed as a robust means of identifying clinically signifi cant changes in the severity 
of pulmonary sarcoidosis? Despite the attractiveness of this proposition, accumu-
lated clinical experience has taught us that this is emphatically not the case, due to 
three important confounding factors that apply to other interstitial lung disease but 
are more problematic in sarcoidosis (Table  7.3 ).
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      The Heterogeneity of Patterns of Pulmonary Function 
Impairment 

 The heterogeneity of pulmonary function patterns in sarcoidosis is well recognised. 
Although pulmonary sarcoidosis is widely regarded as a restrictive interstitial lung 
disease, non-caseating granulomas may be located in the alveolar walls, small lym-
phatics, perivascular and peribronchiolar regions, larger airways, and, less fre-
quently, in the respiratory muscles. Lung function abnormalities in sarcoidosis may 
arise from any of these compartments, with variable patterns of airfl ow obstruction, 
lung restriction, a mixed obstructive/restrictive ventilatory effect, and dispropor-
tionate reduction in gas transfer. In severe parenchymal lung disease, a restrictive 
ventilatory defect is often evident, especially in patients with chest radiographic 
stages III and IV [ 12 – 14 ], but also in association with any chest radiographic stage, 
including radiological stage 0 disease [ 14 ,  15 ]. In this context, changes in disease 
severity may be best captured by FVC trends. 

 However, airfl ow obstruction has been more prevalent than lung restriction in 
some sarcoidosis cohorts. Airfl ow obstruction has been viewed as an early feature 
of sarcoidosis, representing a granulomatous bronchiolitis that precedes the devel-
opment of fi brotic disease. However, airfl ow obstruction is encountered at all radio-
graphic stages of disease and, in one longitudinal study, increased in prevalence 
with increasing chest radiographic stage [ 15 ]. In two HRCT studies, morpho-
logic abnormalities associated with airfl ow obstruction have included fi brotic 
 reticular abnormalities, peribronchial thickening, and mosaic attenuation [ 16 ,  17 ]. 

   Table 7.3    Problems in the interpretation of pulmonary function trends and the optimal clinical 
approach to address these diffi culties   

 Problem  Optimal clinical approach 

 Heterogeneity of patterns 
of pulmonary function 
impairment 

 Establish which cardinal PFT variable (FEV1, FVC, DLco) 
provides the most abnormal signal 

 Focus on this variable during serial monitoring, although 
continue to monitor other variables 

 The limitations of thresholds 
for “signifi cant” change 

 When the pretest probability of decline is low, always view 
isolated changes in a single PFT variable with scepticism 

 Evaluate concurrent trends in other PFT variables 
 Integrate PFT trends with serial symptoms and chest 

radiographic data 
 Pulmonary function trends do 

not always represent changes 
in the severity of pulmonary 
sarcoidosis 

 Consider the following confounding factors 
 – Bronchial hyperactivity 
 – Pulmonary infection (acute, subacute, or chronic) 
 – Extrapulmonary restriction (myopathy, weight gain, 

chest wall pain, sub-maximal effort) 
 – Pulmonary hypertension (selectively affecting DLco and 

Kco levels) 
 – Left heart failure 
 – Iatrogenic (methotrexate lung, weight gain due to 

corticosteroid therapy) 
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These observations are likely to refl ect the histological fi nding of peribronchiolar 
fi brosis in pulmonary sarcoidosis [ 18 ], but airfl ow obstruction may also result from 
fi brotic stenoses of large airways [ 19 ] or, rarely, airway compression by enlarged 
lymph nodes. 

 A disproportionate impairment in gas transfer is a less frequent pattern of impair-
ment than obstruction or restriction. DLco reductions occur in up to 50 % of patients 
with sarcoidosis, but these are more commonly at a level that is compatible with 
interstitial lung disease and are usually less severe than in patients with IPF [ 20 ]. 
However, in an important patient subgroup, DLco levels are disproportionately 
reduced, as shown by major reductions in Kco. It is likely, although not proven, that 
this refl ects pulmonary vascular limitation, although, in most cases, this is not suf-
fi ciently severe to result in pulmonary hypertension at rest. 

 Thus, the infl exible use of FVC trends to monitor pulmonary disease does not 
take into account the spectrum of patterns of pulmonary function impairment in 
pulmonary sarcoidosis. In one study, FEV1 levels better refl ected global morpho-
logic abnormalities on HRCT than FVC or DLco levels [ 17 ], probably because 
FEV1 levels are reduced in both obstructive and restrictive disease, whereas FVC 
levels are less impaired in mild to moderate airfl ow obstruction. The inescapable 
conclusion is that no single pulmonary function variable is equal to the accurate 
monitoring of pulmonary disease in all cases. It can be argued, although not proven, 
that in individual patients, pulmonary function variables that are most impaired at 
baseline are the most likely to signal disease progression on serial evaluation. In a 
patient with predominant airfl ow obstruction, changes in disease severity may be 
most likely to manifest as a “signifi cant” change in FEV1. By contrast, it appears 
most logical to expect a higher prevalence of change in DLco in patients with a 
disproportionate reduction in DLco at baseline. 

 Essentially, no single pulmonary function variable can be regarded as the pri-
mary arbiter of changes in disease severity in all sarcoidosis patients. This constraint 
creates obvious diffi culties in pharmaceutical studies in pulmonary sarcoidosis, in 
which a single primary end-point is required. The idea that the primary end-point 
should be chosen individually in each patient, based on the pattern of pulmonary 
function impairment, is unlikely to appeal to regulatory authorities. In routine prac-
tice, accurate pulmonary function monitoring requires that FEV1, FVC, and DLco 
trends are evaluated in combination and reconciled with the baseline pulmonary 
function profi le. This, in turn, underlines the need for detailed pulmonary function 
evaluation at baseline, including spirometric volumes and the measurement of gas 
transfer. Only by this means will the pattern of pulmonary function impairment be 
disclosed in individual patients as an aid to accurate monitoring. Ideally, plethysmo-
graphic volumes should also be evaluated at baseline as knowledge of a mixture of 
airfl ow obstruction and lung restriction (not reliably identifi ed by simple spirome-
try) may also have important implications for subsequent pulmonary function moni-
toring. Importantly, baseline plethysmography also allows monitoring of TLC or 
RV levels as a substitute for FVC in patients who develop contraindications to 
forced spirometric manoeuvres such as chest wall pain and glaucoma.  
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    The Limitations of Thresholds for “Signifi cant” Change 

 Thresholds for “signifi cant” change reduce the likelihood that pulmonary function 
trends represent measurement variability but do not indicate that the amplitude of 
change is  clinically signifi cant . It should not be forgotten that measurement varia-
tion results equally frequently in the overstatement and understatement of change. 
Given the known variability in FVC estimation, an observed change of 10 % repre-
sents, in reality, a change that lies somewhere between 1 and 19 %. In other words, 
variability thresholds establish merely that change in an individual pulmonary func-
tion parameter is likely to be real but do not discriminate reliably between trivial 
and major change [ 21 ]. 

 A related problem is that the accurate use of variability thresholds to identify 
genuine trends is infl uenced by the pretest probability of change, which varies 
greatly between interstitial lung diseases. As discussed earlier, measurement varia-
tion will result in a spurious change in FVC of at least 10 % in approximately 5 %, 
and thus a spurious decline in 2.5 % of patients. In a rapidly progressive disease 
such as IPF, this matters little. True declines in FVC, exceeding 10 % of baseline 
values, can be expected in up to 50 % of patients at a time interval of 12 months. In 
a cohort of 40 IPF patients, a spurious decline of at least 10 % will occur, on aver-
age, in only one case whereas a true decline of over 10 % can be expected in approx-
imately 20 cases: the likelihood that an observed decline of 10 % is real is 
approximately 95 % (20/21). However, in pulmonary sarcoidosis, a less progressive 
disease, a very different picture emerges with the application of Bayesian princi-
ples. If, for example, the prevalence of pulmonary function decline of greater than 
10 % in a cohort of 40 sarcoidosis patients approximates 10–15 %, the likelihood 
that decline to this threshold represents disease progression in an individual patient 
will be only 80–85 %. The use of standardised thresholds for change across all 
interstitial lung diseases takes no account of the pretest probability of disease pro-
gression and is likely to mislead the clinician in less progressive disorders, in which 
observed change is relatively less likely to denote disease progression and relatively 
more likely to result from measurement variation. 

 Both these problems can be addressed by the consideration of pulmonary func-
tion trends measured using separate techniques (i.e. spirometry and estimation of 
gas transfer). Although isolated changes in gas transfer can represent increasing 
pulmonary vascular limitation, progression of interstitial lung disease generally 
results in parallel declines in DLco and spirometric variables. A compatible DLco 
trend increases the likelihood that an observed change in FEV1 or FVC is genuine, 
even if thresholds for “signifi cant change” are not reached for all variables. Similarly, 
it is essential that FVC and FEV1 trends are integrated with symptomatic and chest 
radiographic change. In the absence of symptomatic and radiographic support, an 
isolated increase or fall in a single pulmonary function variable should be viewed 
with suspicion, especially if the increase exceeds variability thresholds by only a 
small amount.  
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    Pulmonary Function Trends Do Not Always Represent Changes 
in Disease Severity 

 The use of variability thresholds to defi ne “signifi cant” pulmonary function change 
does not, in itself, distinguish between change due to the progression or regression 
of interstitial lung disease and change for other reasons. In interstitial lung disease 
at large, acute or subacute infection is a common cause of apparent disease progres-
sion, as judged by increased symptoms and pulmonary function decline. In pulmo-
nary sarcoidosis, symptoms due to viral infection such as fevers and myalgia may 
be diffi cult to distinguish from the systemic symptoms of sarcoidosis. Moreover, in 
patients treated with immunosuppressive therapies, which, in themselves, predis-
pose to pulmonary infection, the systemic symptoms of infection may be attenuated 
due to the effects of immunomodulation. 

 In pulmonary sarcoidosis, a number of other complications may result in pulmo-
nary function trends that simulate progression of interstitial lung disease. Bronchial 
hyper-reactivity is commonly associated with bronchocentric infl ammation and 
may give rise to a clinical picture similar to asthma with variable wheeze and tran-
sient reductions in spirometric variables. Reductions in FEV1 and FVC may also 
result from respiratory muscle weakness with extensive muscle involvement, chest 
wall discomfort, or sub-maximal effort due to the debilitating effects of systemic 
disease, although in these extra-pulmonary scenarios, DLco levels are usually rela-
tively less affected. Drug-induced pulmonary toxicity from therapies such as meth-
otrexate and lefl unomide    should also be considered, although probably less prevalent 
than in rheumatoid arthritis (based on accumulated clinical experience). 
Opportunistic infection may also complicate immunosuppressive therapy, and in 
extensive pulmonary sarcoidosis, immunomodulation may trigger chronic suppura-
tive lung disease.  Aspergillus  infection, which is associated with destructive pulmo-
nary sarcoidosis, is a notorious cause of apparent insidious disease progression, 
with low-grade systemic symptoms, similar to those of systemic sarcoidosis, a fre-
quent accompaniment. Finally, pulmonary vascular involvement or cardiac disease 
may be associated with isolated gas transfer trends.  

    The Optimal Use of Pulmonary Function Variables 
in Routine Monitoring 

 It will be obvious, based on the considerations discussed above, that a reliance on 
serial trends in single pulmonary function variables such as FVC is likely to result in 
the over-diagnosis of progression of interstitial lung disease. The evaluation of both 
spirometric variables and measures of gas transfer minimises the confounding effect 
of measurement variation but does not address the problem of alternative causes of 
pulmonary function decline. There is no substitute for a wide differential diagnosis 
for pulmonary function decline and this is especially the case later in the course of 
disease when disease has stabilised and deterioration is relatively unexpected.   
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    Chest Radiography in Monitoring 

 For many decades, chest radiography has been routinely used in the evaluation of 
serial change. Paradoxically, the evaluation of simple global changes in chest radio-
graphic extent has been little studied. As recently as 1990, the fact that deteriora-
tions in pulmonary sarcoidosis with treatment reductions were captured by worsening 
chest radiographic abnormalities in a small patient cohort was considered to merit 
publication in a leading international radiographic journal [ 22 ], despite the wide-
spread use of chest radiography for this purpose and the documentation of chest 
radiographic change in a number of short-term studies of corticosteroid therapy. 

 The search for a reliable approach to the quantifi cation of chest radiographic 
change in sarcoidosis began with the adaption of complex chest radiographic scor-
ing, which provided detailed information on changes in individual chest radio-
graphic patterns. The ILO pneumoconiosis system, developed to capture the 
spectrum of chest radiographic fi ndings resulting from exposure to industrial dusts 
[ 23 ], is based on the scoring of the profusion of interstitial opacities in three zones 
in each lung. Early recognition of the considerable radiological expertise needed for 
the accurate use of this system led to the licensing of individual radiologists and 
clinicians as “ILO readers” more than 20 years ago, but very few current practitio-
ners possess this qualifi cation. The major limitations of this approach were well 
illustrated by one relatively recent series [ 24 ], in which changes in ILO profusion 
scores were evaluated in exacerbations of sarcoidosis. Although there were signifi -
cant associations between increases in profusion scores and declines in spirometric 
volumes, inter-observer agreement was only moderate. The authors concluded that 
this scoring approach was poorly suited to routine clinical evaluation. 

 Acknowledgement of the limitations of serial ILO scoring prompted the use of a 
modifi ed ILO system in the British Thoracic Sarcoidosis Study [ 25 ]. Radiographic 
abnormalities were categorised as reticulo-nodular, masses, confl uent shadows, and 
fi brotic change, with each pattern quantifi ed by a score based on extent and profu-
sion [ 26 ]. Inter-observer agreement was found to be good. However, chest radio-
graphic change did not correlate well with trends in pulmonary function variables 
and dyspnoea scores. Only changes in the reticulo-nodular ( R ) score and fi brosis ( F ) 
score were found to be linked to non-radiographic variables and correlation coeffi -
cients were disappointingly low. This study did, at least, provide the fi rst validation 
of a detailed scoring system that could be adopted in later clinical trials. 

 The Muers system was considered to be the only radiographic scoring system 
suffi ciently referenced in the medical literature to be used in a recent double-blind 
randomised trial of infl iximab in pulmonary sarcoidosis [ 27 ]. Crucially, the authors 
took the opportunity to compare the Muers system with a simple scoring system that 
refl ected the use of serial chest radiography in routine practice, consisting of a sim-
ple fi ve-point scale for global chest radiographic change (markedly worsened, wors-
ened, unchanged, improved, markedly improved). Inter-observer agreement between 
two readers was good for both systems, although it should be stressed that the obser-
vations were made by two expert radiologists. However, the simple scoring system 
was more tightly linked to pulmonary function change. In particular, changes in FVC 
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levels correlated more strongly with changes in global scores ( r  = 0.35,  p  < 0.0001) 
than with changes identifi ed using the Muers system ( r  = 0.24,  p  < 0.05) [ 27 ]. 

 From this study, it can be concluded that a minimalist approach to chest radio-
graphic change, centred on global changes in disease extent, is best suited to routine 
practice. It appears that more detailed scoring of changes in individual chest radio-
graphic patterns results in greater discrepancies with pulmonary function trends, 
underlining the fact that the chest radiograph is essentially an insensitive tool in the 
detection of change. This view was underlined in a study of over 350 patients with 
pulmonary sarcoidosis in which it was demonstrated that serial change in the radio-
graphic extent of lung disease (scored simply as more extensive, stable, or less 
extensive) was much more frequent than change in radiographic stage [ 28 ]. Change 
in disease extent on chest radiography was linked to PFT trends ( p  < 0.0005 for 
FEV1, FVC, DLco), whereas change in radiographic stage was not. 

 However, even with the use of a relatively simple approach to serial chest radio-
graphic evaluation, the reconciliation of serial chest radiographic and pulmonary 
function data is often problematic in individual patients. The correlation between 
chest radiographic abnormalities and pulmonary function impairment is notoriously 
poor in pulmonary sarcoidosis. In advanced disease, morphologic abnormalities are 
superimposed due to the two-dimensional nature of chest radiography, but in other 
cases, change occurs predominantly in the upper zones which are notoriously func-
tionally silent.  

    Serial HRCT in Monitoring 

 In principle, it might be assumed that the sensitivity of HRCT should allow it to be 
utilised effectively in the clinical monitoring of pulmonary sarcoidosis. However, 
this use of HRCT remains contentious. In order to use serial HRCT effectively, it is 
fi rst of all necessary that baseline HRCT images are available. However, the use of 
HRCT in initial staging varies greatly. While HRCT is routinely performed in some 
centres, in patients with clinically signifi cant interstitial lung disease, other clini-
cians have taken a strictly utilitarian view. It has been argued that thoracic HRCT is 
useful in 30 % of patients with pulmonary sarcoidosis when chest radiographic 
fi ndings are inconclusive and in patients with atypical sarcoidosis, in whom HRCT 
patterns “pathognomonic” of sarcoidosis may be diagnostically valuable [ 29 ]. 

 Even when serial HRCT images are available, their integration in a routine moni-
toring algorithm has proven elusive. A number of scoring systems have been used 
to quantify HRCT abnormalities of sarcoidosis, similar to the system of Remy- 
Jardin [ 30 ] in which each abnormal pattern was scored for extent in the upper, mid, 
and lower zones by visual estimation and summed to give an overall HRCT severity 
score. However, these systems have never been validated in serial evaluation and 
this applies equally to relative simple severity scoring [ 31 ], adapted from a more 
complex system [ 32 ]. The cardinal diffi culty lies in ascribing clinical signifi cance to 
serial HRCT change. It must sometimes be concluded that HRCT is too sensitive, 
as it allows the identifi cation of minor regional change which may have little or no 
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correlation with pulmonary function trends. Moreover, in occasional cases, signifi -
cant pulmonary function trends may be seen without major HRCT change. Even in 
therapeutic trials of sarcoidosis and IPF, in which it might be expected that cohort 
change in morphologic variables should add value to current end-points, this use of 
HRCT has proven elusive. Thus, at present, serial HRCT cannot be recommended 
in routine monitoring. 

 However, based on accumulated clinical experience, serial HRCT has an occa-
sional role when other serial data are confl icting and need to be reconciled. In gen-
eral, this does not apply to the short-term evaluation of responsiveness to therapy as 
it is diffi cult to argue that subtle regression of disease on HRCT is clinically mean-
ingful in the absence of improvements in symptoms and pulmonary function tests. 
However in occasional patients with insidious progression of fi brotic disease, it is 
possible to identify a defi nite increase in disease extent on HRCT when there are 
worsening symptoms, pulmonary function trends are marginal, and, as is so often 
the case, chest radiographic evaluation is inconclusive. It should be stressed that the 
extra information gleaned from HRCT in this context adds value only when it gives 
rise to changes in therapy. 

 HRCT is more helpful in routine monitoring when it is suspected that progres-
sion is due to infection. Occasionally, when rapid deterioration has occurred, lack of 
change in the extent of interstitial lung disease on HRCT allows the clinician to treat 
empirically for infection with greater confi dence. In patients with insidious disease 
progression, in whom supervening chronic suppurative lung disease or  Aspergillus  
infection is suspected, HRCT may show bronchiectasis or aspergilloma formation 
(fi ndings that are equally useful when HRCT is performed for the fi rst time in this 
clinical scenario). This applies especially to the problem of recurrent major hae-
moptysis: aspergilloma formation usually occurs in advanced fi brotic lung disease 
and may not be disclosed by chest radiography. However, these uses of HRCT 
depend upon the multidisciplinary evaluation of symptoms, pulmonary function 
trends, and chest radiographic data. It can be concluded that serial HRCT should not 
be performed by protocol but only in order to answer clinical questions specifi c to 
the individual patient.  

    Pulmonary “Disease Activity” in Monitoring 

 As long ago as 1986, it was concluded that there is no universally agreed defi nition 
of “active” pulmonary disease [ 33 ], and 25 years later, the situation remains the 
same. Pulmonary “disease activity” can loosely be defi ned as the presence of clini-
cally signifi cant reversible infl ammatory disease. However, major infl ammatory 
disease is reliably identifi ed by clinically signifi cant regression of disease with 
treatment; many patients with irreversible disease continue to deteriorate. In these 
cases, a reliable measure of ongoing infl ammation, following initial treatment, 
would be an invaluable aid to routine monitoring. But does such a test exist? 

 A number of tests, evaluated in the staging of “disease activity”, have been dis-
carded. 67-Gallium, once widely used to assess sarcoid activity, is no longer 
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routinely used to assess pulmonary disease and its role in monitoring is hampered 
by the high prevalence of abnormal uptake in patients with stable disease, the 
absence of a simple reproducible method of quantifying change in signal, and the 
radiation burden associated with the test. Serum biomarkers have also been unsatis-
factory in the identifi cation of active pulmonary disease. Serum ACE levels are 
elevated in 30–80 % of patients with sarcoidosis but may be normal in active disease 
and do not correlate with chest radiographic stage [ 34 ] or the extent of nodular 
change and consolidation on HRCT [ 35 ]. In the 2008 British Thoracic Society 
Guidelines for the diagnosis and management of interstitial lung disease [ 36 ], serum 
ACE levels were not considered to add usefully to pulmonary function tests and 
chest radiography in the monitoring of pulmonary disease. Amongst other serum 
biomarkers, attention has focused on soluble interleukin 2 receptors (sIL-2r), 
released by activated T cells in granulomatous infl ammation, but correlations 
between sIL-2r with the percentage and absolute bronchoalveolar lavage (BAL) 
lymphocyte counts [ 37 – 39 ] were not reproduced in another study [ 40 ]. The role of 
BAL remains contentious in the initial evaluation of “disease activity” in pulmonary 
sarcoidosis. Although a BAL neutrophilia was predictive of disease progression in 
one report [ 41 ] and the absence of a neutrophilia was associated with spontaneous 
disease regression in newly diagnosed steroid naïve patients in another study [ 42 ], 
repeat BAL in order to assess responsiveness to therapy or to identify residual 
infl ammatory disease has not been validated. 

 No measure of “disease activity” exists that can be reliably integrated in routine 
monitoring in all patients. In occasional patients with elevated levels, repetition of 
serum ACE may be useful in the scenario of increasing respiratory symptoms which 
are diffi cult to interpret: a signifi cant concurrent rise in serum ACE levels may pro-
vide helpful ancillary support for pulmonary disease progression, as opposed to 
worsening symptoms due to the many confounding factors discussed earlier. 
However, the converse is not true: in the absence of pulmonary function or chest 
radiographic evidence of a change in disease severity, serial serum ACE levels have 
little added value. BAL also has an occasional monitoring role in providing sup-
portive evidence for suppurative lung disease and in the identifi cation of opportunis-
tic infection in patients receiving immunosuppressive therapy. 

 Based on preliminary promising data, FDG PET scanning may have a future role 
in selected patients. PET scanning is more sensitive than gallium scanning in detect-
ing active pulmonary disease [ 43 ]. Reductions in abnormal pulmonary signal have 
been observed with steroid therapy [ 44 ,  45 ] and infl iximab [ 46 ]. If these serial 
reductions in PET signal are shown to predict the longer term disease stabilisation 
in fi brotic pulmonary sarcoidosis, their integration in routine monitoring protocols 
in severe disease may eventually be justifi able. However, without this information, 
the marginal availability and expense of the test dictate that the use of serial PET 
scanning will be largely confi ned to pharmaceutical studies.  
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    The Detection of Pulmonary Hypertension in Monitoring 

 The problem of disproportionate reductions in DLco levels in pulmonary sarcoidosis 
in serial monitoring is increasingly recognised [ 28 ], and in many cases, there is no 
other overt evidence of pulmonary vascular disease. The traditional view that pulmo-
nary hypertension (PH) is a rare complication applies to the general population of 
sarcoidosis patients and was underlined by echocardiographic fi ndings in a large 
series of Japanese patients [ 47 ]. However, in chronic pulmonary sarcoidosis, PH has 
a surprisingly high prevalence, approaching 50 % in one report [ 48 ], in patients with 
disproportionate exercise intolerance. Based on early encouraging reports of the effi -
cacy of targeted PH therapies in sarcoidosis, and also on the adverse prognostic 
signifi cance of PH with particular reference to lung transplantation, the detection of 
PH is an important monitoring consideration in advanced pulmonary disease. 

 However, in diffuse lung disease in general, the severity of reduction in spiromet-
ric and plethysmographic volumes is not reliably predictive of the presence of PH. 
In sarcoidosis in particular, the identifi cation of PH is further complicated by the 
fact that PH can arise from a number of mechanisms other than progression of inter-
stitial lung disease. The serial measurement of DLco allows the identifi cation of 
patients at higher risk of developing PH. A reduction in DLco levels disproportion-
ate to lung volume trends should prompt further investigation for PH [ 49 ], including 
echocardiography, estimation of serum BNP levels, the evaluation of oxygen desat-
uration on exercise, and, in selected cases, right heart catheterisation. Historically, 
changes in Kco levels (the DLco/VA ratio) have been used to quantify dispropor-
tionate reductions in DLco. More recently, a high FVC/DLco ratio [ 50 ,  51 ] has 
indicated a higher likelihood of pulmonary hypertension in interstitial lung disease. 
The two ratios provide approximately equivalent information, although the FVC/
DLco ratio is a less reproducible fi gure as it is affected by the variability of both 
spirometric and gas transfer measurements (whereas Kco is measured with a single 
manoeuvre). Importantly, no single threshold value of either ratio has been identi-
fi ed as an optimal diagnostic threshold for PH and, thus, the serial measurement of 
Kco levels, although useful in triggering further evaluation of suspected PH, does 
not provide diagnostic information in isolation. The likelihood of underlying PH is 
further increased when disproportionate serial reductions in Kco are associated with 
severe resting hypoxia or major arterial oxygen desaturation with minor exertion. 

 Based on these considerations, serial gas transfer estimation is an essential part 
of the routine monitoring of advanced pulmonary sarcoidosis. In mild pulmonary 
disease, it can be argued that serial measures of gas transfer are less helpful in the 
early detection of PH, but, as discussed earlier, DLco trends have an important role 
in “validating” the clinical signifi cance of marginal changes in FEV1 and FVC. 
However, even if an early decision is made not to monitor serial DLco levels in mild 
apparently stable pulmonary disease, it is essential that DLco levels are measured at 
initial evaluation, both to identify patients with disproportionate reductions in DLco 
(which should continue to be monitored) and to serve as a baseline in case there are 
clinical reasons to suspect the development of PH during follow-up.  
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    Oxygen Desaturation in Monitoring 

 It is diffi cult to advance an argument for the routine estimation of arterial gases at 
rest during follow-up, except in patients with end-stage disease. In the absence of 
PH, signifi cant resting hypoxia is a feature of severe pulmonary sarcoidosis. 
However, the identifi cation or exclusion of oxygen desaturation on exercise testing 
provides useful ancillary information in selected patients. Maximal exercise testing 
has no validated role in routine monitoring. However, in selected cases, it may be 
helpful in the assessment of unexplained troublesome dyspnoea, not explained by 
resting pulmonary and cardiac investigations. In this context, severe desaturation on 
maximal exercise should lead the clinician to conclude that investigations at rest 
have understated the degree of cardiopulmonary limitation. Alternatively, if there is 
no desaturation or widening of the alveolar–arterial oxygen gradient when symp-
toms cause the premature termination of the test, it is possible to infer that limitation 
is due to chest discomfort, loss of fi tness, or musculoskeletal factors. In general, 
maximal exercise testing is more often useful in demonstrating the absence of sig-
nifi cant cardiopulmonary limitation than in quantifying the impact of pulmonary 
disease. Maximal exercise testing may be especially helpful when primary hyper-
ventilation is suspected as a cause for increasing exercise intolerance. 

 Although the 6-min walk test is now widely performed in the routine monitoring 
of IPF, there are, currently, no compelling data for a similar utility in pulmonary 
sarcoidosis. In sarcoidosis, in particular, interpretation of 6-min walk data is heavily 
infl uenced by musculoskeletal factors, loss of fi tness, pulmonary vasculopathy, and 
separate cardiac involvement. However, the 6-min walk test may provide useful 
monitoring data in selected patients. The test better refl ects normal daily activity 
than maximal exercise testing, and in patients describing disproportionate exercise 
intolerance, it provides objective information on the gestalt impact of sarcoidosis in 
day-to-day life. This is especially helpful when the test demonstrates signifi cantly 
better exercise tolerance than described by the patient. In the monitoring of advanced 
disease, the detection of marked desaturation on a 6-min walk test alerts the clini-
cian to the possibility of supervening PH and also serves to identify patients who 
may benefi t from ambulatory oxygen.  

    Frequency of Monitoring 

 Early in the course of disease, before the intrinsic progressiveness of pulmonary 
involvement has become apparent, it is usual to re-evaluate patients at three to four 
monthly intervals, as is common practice in interstitial lung in general. However, 
this broad approach must be tailored to individual patients, with earlier re- evaluation 
if there are rapid symptomatic changes. If pulmonary disease remains stable during 
the fi rst year and treatment is not instituted, the time interval between assessments 
can be successively increased with, eventually, annual review. Even in mild stable 
pulmonary sarcoidosis, it is prudent to continue monitoring for a minimum of 4 
years, but more prolonged monitoring is appropriate in moderate to severe disease. 
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 Following the institution of treatment, it is common practice to assess responsive-
ness to higher dose therapy at 4–6 weeks and to tailor the timing of further monitor-
ing to the treatment plan and initial responsiveness. The severity of disease is an 
important consideration. If there is major residual disease and further progression 
would be likely to lead to disability, more frequent monitoring is appropriate than in 
patients with a good pulmonary reserve. In either event, the severity of disease should 
be reappraised no longer than 3–4 months after each phase of dose reduction, with the 
patient warned that early evaluation might be required in the event of worsening 
symptoms.  

    Conclusion 

 No single test stands alone as an arbiter of the evaluation of change in disease sever-
ity. Accurate evaluation requires the integration of symptoms, chest radiography, and 
pulmonary function tests with the use of ancillary tests, including HRCT, serum ACE 
levels, BAL, and exercise testing in selected patients. Although sometimes an impor-
tant indicator of disease progression, increasing symptoms are often ascribable to 
factors other than changes in interstitial lung disease. Pulmonary function tests pro-
vide the most reliable data, but it is essential that their limitations are taken into 
account, including the heterogeneity of pulmonary function patterns in sarcoidosis, 
the confounding effect of ancillary systemic and cardiopulmonary disease processes, 
and the problem of measurement variability. The chest radiograph is essentially a 
blunt instrument in the detection of change, although retaining an important monitor-
ing role. Thus, no single chest radiographic or pulmonary function variable is suffi -
ciently robust to stand alone as the cardinal means of assessing serial change in all 
patients. A multidisciplinary approach is indispensable in the detection of change in 
pulmonary sarcoidosis. In routine practice, symptomatic change, the evolution of 
disease on chest radiography, and pulmonary function trends must be reconciled, 
although no clear guidance on this process exists in current guidelines. This maxim 
applies equally to defi ning responses to treatment, detecting changes in disease sever-
ity in other contexts, and the early identifi cation of supervening pulmonary hyperten-
sion. In a nutshell, the multidisciplinary evaluation of the evolution of pulmonary 
sarcoidosis, rather than an undue reliance on any single test, is as important in routine 
monitoring as it is in the diagnosis of pulmonary sarcoidosis at initial evaluation.     
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    Abstract     Sarcoidosis is a systemic granulomatous disorder that can involve any 
organ in the body. Although the lungs are the most commonly affected organs, 
extrapulmonary involvements are not uncommon and contribute to the morbidity. 
The decision to treat extrapulmonary sarcoidosis is dependent on specifi c organs as 
not all organ involvement requires treatment. This chapter is a comprehensive 
review of the clinical presentation, diagnostic pathways, and therapeutic interven-
tions in extrapulmonary sarcoidosis.  

  Keywords     Sarcoidosis   •   Extrapulmonary   •   Diagnosis   •   Treatment  

        Introduction 

    Sarcoidosis is a systemic granulomatous disorder with unclear etiology that can 
involve any organ in the body. Although the lungs are the most commonly affected 
organ, concomitant involvement of extrapulmonary organs is common and can be 
seen in up to 50 % of cases of sarcoidosis [ 1 ]. Conversely, only 2 % of cases in A 
Case–Control Etiologic Study of Sarcoidosis (ACCESS) were found to have 
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extrapulmonary involvement without pulmonary disease [ 1 ]. Extrapulmonary sar-
coidosis is important to recognize as it adds to the morbidity, mortality, and reduc-
tion of quality of life in patients with pulmonary sarcoidosis. 

 The prevalence and the extent of extrapulmonary sarcoidosis vary on the demo-
graphic of the population that is affected from this disease. For example, African 
Americans are typically more likely to be affected from extrapulmonary sarcoidosis 
than Caucasians. However, dysfunction of calcium metabolism is found more in 
Caucasians. A study comparing the manifestations of sarcoidosis in Japanese and 
Finnish subjects revealed the rates of sarcoidosis in the heart and eyes to be signifi -
cantly higher in Japanese subjects [ 2 ]. Additionally, extrapulmonary sarcoidosis 
appears to be more common in females, especially with ocular sarcoidosis, ery-
thema nodosum, and neurosarcoidosis [ 1 ]. Finally, peripheral lymph nodes were 
more commonly seen in subjects with ages less than 40 as opposed to dysfunction 
of calcium metabolism were signifi cantly higher with ages greater than 40 [ 1 ]. 

 Extrapulmonary sarcoidosis can develop anytime during the course of the dis-
ease. A detailed physical examination in addition to basic laboratory tests (complete 
blood cell count, complete metabolic panel including serum calcium and urinaly-
sis), electrocardiogram, ophthalmic examination, and imaging studies are essential 
in detecting extrapulmonary disease. In general, the diagnosis of extrapulmonary 
sarcoidosis is typically based on the combination of these clinical evaluations and 
diagnostic studies with histologic evidence of noncaseating granulomas. It is impor-
tant to note that histological evidence is not necessarily required from the particular 
organ of interest to make the diagnosis of extrapulmonary sarcoidosis as long as 
sarcoidosis has been histologically confi rmed in another organ. As part of ACCESS, 
Judson and colleagues have proposed criteria that categorize the likelihood of each 
potential organ to defi nite, probable, and possible involvement (Table  8.1 ) [ 1 ,  3 ].

   The decision whether to institute treatment in extrapulmonary sarcoidosis is 
dependent on specifi c organs involved and the extent of organ involvement as not all 
extrapulmonary sarcoidosis requires treatment. In fact, asymptomatic extrapulmo-
nary involvement typically does not require treatment. However, neurologic, 
cardiac, and ocular involvement typically mandates treatment as the sequelae    are 
signifi cant and potentially life threatening.  

    Neurosarcoidosis 

    Epidemiology 

 Neurosarcoidosis is a less common manifestation of sarcoidosis with a prevalence 
of 5–13 % of sarcoidosis with symptomatic neurologic involvement, although, other 
studies have quoted up to 26–45 % [ 4 ,  5 ]. A prospective epidemiologic study of 736 
patients in the USA (ACCESS) found that only 4.6 % had defi nite or probable neu-
rosarcoidosis [ 1 ]. In another study, almost 25 % of systemic sarcoidosis patients 
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were found to have CNS involvement on autopsy and 10 % had evidence of CNS 
involvement by imaging studies with or without neurologic manifestations [ 6 ]. 

 Furthermore, less than 1 % of sarcoidosis patients have isolated neurosarcoidosis 
without any clinical evidence of extraneural sarcoid. The true incidence remains 
elusive as making a diagnosis poses a challenge to clinicians as procedures to obtain 
histological confi rmation can lead to life-threatening circumstances.  

    Clinical Presentation 

    Cranial Neuropathies 

 The most common manifestation in neurosarcoidosis includes cranial neuropathies, 
especially with optic and facial nerves which accounts for 23–70 % of neurologic 
manifestations in neurosarcoidosis [ 7 ]. Facial nerve palsy is the most commonly 
affected cranial nerves and it presents more commonly as a unilateral fi nding, although 
a third of the facial nerve palsy may involve both facial nerves [ 4 ]. In one series of 24 
patients with facial nerve palsy from sarcoidosis, a complete recovery of about 23 out 
of 24 patients was observed with treatment using corticosteroids and/or in combina-
tion of nonsteroidal immunomodulators [ 8 ]. Optic neuritis is the second most com-
monly affected cranial nerves and it usually presents with diplopia or visual defects 
(Fig.  8.1 ). Bilateral disease portends a poorer prognosis versus unilateral disease. 
Involvement of the base of the brain is thought to be the cause of cranial neuropathies; 
however, infi ltration or compression of nerves may also cause dysfunction [ 4 ,  9 ].

       Meningeal Involvement 

 The occurrence of acute or chronic meningitis ranges from 8 to 40 % of neurologic 
manifestation of sarcoidosis. This is usually due to meningeal infi ltration involving 
the basal leptomeninges (Fig.  8.2 ). Clinically it can manifest with headaches, neck 
stiffness, hydrocephalus, or cranial nerve palsies. The course can be monophasic, 
chronic, or relapsing. Acute meningitis responds well to corticosteroids and has 
favorable outcomes [ 9 ]. Chronic meningitis often requires long-term treatment with 
a tendency to relapse.

       Seizures 

 Seizures can occur in up to 22 % of patients with neurosarcoidosis and can occur 
secondary to leptomeningeal involvement, parenchymal masses, encephalopathy, 
vasculopathy, hydrocephalus, and metabolic disturbances related to hypothalamic 
dysfunction [ 1 ,  7 ,  9 ]. Prognosis of seizures remains controversial as older studies 
described a poor prognosis; however, more recent studies suggest no evidence in 
support of the unfavorable prognosis [ 8 ,  10 ].  
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  Fig. 8.2    T1-weighted contrast-enhanced MRI image of mild leptomeningeal enhancement and 
nodules along Sylvian fi ssures       

  Fig. 8.1    MRI image showing enhancement of optic nerve typical for sarcoid infi ltration       
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    Hypothalamic/Pituitary Involvement 

 Endocrinopathies related to neurosarcoidosis are related to granulomatous infi ltra-
tion of the hypothalamo-hypophyseal region. Hyperprolactinemia (3–32 %) and 
diabetes insipidus (17–90 %) are the most frequent reported endocrinopathies in 
neurosarcoidosis. Other clinical features resulting from hypothalamo-pituitary 
involvement include morbid obesity, dysregulation of body temperature, insomnia, 
personality changes, syndrome of inappropriate antidiuretic hormone secretion 
(SIADH), hypothyroidism, hypoadrenalism, growth hormone defi ciency, and 
impaired counter-regulatory response to hypoglycemia [ 11 ,  12 ].  

    Peripheral Neuropathy 

 The manifestation of peripheral neuropathy in neurosarcoidosis carries a wide spec-
trum of symptoms. In a study examining 11 patients with confi rmed histologic 
changes consistent with peripheral nerve involvement from sarcoidosis, Said and 
colleagues were able to describe Guillain–Barre syndrome like presentation with 
ascending and progressive muscle weakness with paresthesias, multifocal 
 neuropathies, and sensory polyneuropathies [ 13 ]. 

 Small fi ber neuropathy is a subtype of peripheral neuropathy or a “paraneuropa-
thy” involving thinly myelinated and unmyelinated nerve fi bers causing an aggregate 
loss of intraepidermal nerve fi bers. The typical symptoms consist of pain, dysesthe-
sias (44 %), and abnormal temperature dysfunction (81 %). Additionally, autonomic 
dysfunction has been described in relation to the small fi ber neuropathy [ 14 ,  15 ].   

    Diagnosis 

 The process of diagnosing neurosarcoidosis poses a signifi cant challenge to clini-
cians due to its diverse clinical presentations, nonspecifi c imaging and laboratory 
fi ndings, and diffi culty in obtaining a neural tissue biopsy. There are two diagnostic 
criteria that have been summarized by Zajicek et al. [ 9 ] (Table  8.2 ) and Judson et al. 
[ 3 ] (Table  8.1 ) Both of these criteria have three categories of diagnosis including 
defi nite, probable, and possible neurosarcoidosis. For a diagnosis of defi nite neuro-
sarcoidosis, biopsy of the neural tissue is a prerequisite in the criteria proposed by 
Zajicek et al., whereas it is not required in the criteria proposed by Judson et al. The 
latter criteria provide some clinical advantage and practicality in diagnosing patients 
with a high likelihood of neurosarcoidosis, although there have been no direct com-
parative studies between these two proposals. As for the diagnosis of probable and 
possible neurosarcoidosis, various combinations of clinical presentations, imaging 
studies, and laboratory fi ndings are used to confi rm the diagnosis.

   Histological confi rmation of noncaseating granulomas from neural tissue with-
out any evidence of infectious etiology is the gold standard. However, this option is 
often impractical due to inherent risks associated with procedures in obtaining neu-
ral tissue. If biopsy is considered, it usually involves the meninges or a parenchymal 
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lesion apparent on the imaging study. Accordingly, sampling of tissue from areas 
that have evidence of involvement by imaging studies improve the sensitivity of the 
biopsy [ 16 ]. Therefore, tissue biopsy is typically obtained from extraneural areas to 
secure the diagnosis with sarcoidosis which coupled with clinical manifestations 
can lead to the diagnosis of probable or possible neurosarcoidosis [ 4 ]. 

 There is considerable overlap with neurosarcoidosis and other neurologic dis-
eases that mimic neurosarcoidosis based on clinical manifestations. Therefore, the 
differential diagnoses one must consider in those suspected with neurosarcoidosis 
include, lymphoma, infections (tuberculous, fungal), Wegener’s granulomatosis, 
Lyme disease, Behcet’s disease, and vasculitis. The differential diagnosis for neuro-
sarcoidosis with ocular involvement includes, multiple sclerosis, which typically 
has more optic nerve involvement than anterior uveitis [ 4 ]. 

 Noninvasive test imaging of the brain and spine by MRI with gadolinium con-
trast is extremely useful with both aiding in diagnosis and in following treatment 
effect. Common fi ndings on brain MRI are dural involvement (34 %), leptomenin-
geal enhancement (31 %), cranial nerve enhancement (34 %), and enhancing paren-
chymal lesions (22 %) [ 16 ]. Other areas involved on MRI, include hypothalamus 
and pituitary involvement (9 %) seen as thickening and enhancement on T1-weighted 
images [ 6 ,  17 ]. Hydrocephalus occurs in 5–12 % of cases with neurosarcoidosis 
which can be due to involvement of the dura or leptomeninges by altering the 
resorption of cerebrospinal fl uid (CSF). Common fi nding on spine MRI are enhanc-
ing intramedullary lesions (13 %), enhancing extramedullary lesions (6 %), and 
cauda equina enhancement (6 %) [ 16 ]. MRI fi ndings, however, are nonspecifi c for 
neurosarcoidosis as previous studies have shown that lesions seen on MRI can be 
related to MS (46 %), metastatic disease (36 %), high grade astrocytomas (9 %), and 
meningioma (5 %) [ 18 ]. 

 Other tests that can be used in combination with histology and imaging include 
cerebrospinal fl uid (CSF) analysis. CSF analysis is quite nonspecifi c as the typical 
fi ndings for neurosarcoidosis includes lymphocytosis, elevated protein levels, pleo-
cytosis, hypoglycorrhachia, and positive oligoclonal bands. However all of these 
fi ndings can be seen in a multitude of diseases such as MS, infections, and 

   Table 8.2    Diagnostic criteria for neurosarcoidosis adapted from Zajicek et al. [ 9 ]   

  Defi nite  
 Clinical presentation suggestive of neurosarcoidosis with exclusion of other possible diagnoses 

and the presence of positive nervous system histology 
  Probable  
 Clinical syndrome suggestive of neurosarcoidosis with laboratory support for CNS infl ammation 

(elevated levels of CSF protein and/or cells, the presence of oligoclonal bands and/or MRI 
evidence compatible with neurosarcoidosis) and exclusion of alternative diagnoses together 
with evidence for systemic sarcoidosis (either through positive histology, including Kveim 
test, and/or at least two indirect indicators from Gallium scan, chest imaging and serum ACE) 

  Possible  
 Clinical presentation suggestive of neurosarcoidosis with exclusion of alternative diagnoses 

where the above criteria are not met 
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vasculitis. CSF analysis may not help with establishing a diagnosis; however, it can 
exclude possible infectious etiologies such as cryptococcal, tuberculous, and lym-
phomatous meningitis [ 4 ]. The diagnostic utility of CSF angiotensin-converting 
enzyme (ACE) is uncertain. Elevated CSF ACE levels have a sensitivity and speci-
fi city of 55 % and 94 %, respectively [ 19 ]. However, other infl ammatory diseases 
such as MS, Bechet’s disease, and Guillan–Barre syndrome are also associated with 
elevated ACE levels [ 20 ].  

    Treatment 

 Neurosarcoidosis can range from being a self-limiting disease to a chronic and pro-
gressive disease. Isolated cranial nerve involvement (i.e., facial nerve palsy) and 
aseptic meningitis have a good chance of spontaneous recovery or resolution with a 
short course of corticosteroids [ 16 ]. Those with chronic remitting–relapsing course, 
such as those with parenchymal, leptomeningeal disease, myopathy, or spinal dis-
ease will require more intense treatment (Fig.  8.3 ).

  Fig. 8.3    Neurosarcoidosis involving the spine. T2-weighted, contrast-enhanced MRI sagittal 
images demonstrating two areas of enhancements involving the thoracic spine       
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   The mainstay of treatment is with the use of corticosteroids. To date, there are no 
clinical trials to establish initial doses or duration of therapy. However, there is con-
sensus opinion within the fi eld of starting prednisone at doses of 40–80 mg/day [ 7 ]. 
The statement guideline from the American Thoracic Society recommends use of 
prednisone at 1 mg/kg or its equivalent in severe cases when high dose steroids is 
necessary [ 21 ]. Full recovery with use of corticosteroids or combination of cortico-
steroids with another immunomodulatory agent varies in range from 29 to 76 % [ 9 , 
 22 – 25 ]. However, Zajicek and colleagues reported that despite treatment with corti-
costeroids, disease progression or recurring symptoms were observed in about 70 % 
of patients with neurosarcoidosis during follow-up [ 9 ]. Corticosteroid therapy in 
moderate to severe cases usually mandates prolonged duration of therapy over 
months to years. As a result, patients become highly susceptible to unwanted side 
effects from long-term therapy of corticosteroids including osteoporosis, glucose 
intolerance, weight gain, neuropathy, myopathy, and peptic ulcer disease. 

 Steroid-sparing immunomodulator therapy may be necessary in patients who are 
not responding to corticosteroid therapy alone or if they develop intolerance to pro-
longed corticosteroid therapy. Nonsteroidal immunomodulators include agents such 
as methotrexate, cyclosporine, azathioprine, cyclophosphamide, chlorambucil, 
chloroquine, and mycophenolate. 

 Stern and colleagues were able to lower baseline corticosteroid therapy doses by 
30–58 % with the addition of cyclosporine at doses of at 4 mg/kg/day with monitor-
ing of cyclosporine trough levels and for adverse effects of hypertension, renal fail-
ure, hypomagnesemia, and neurotoxicity [ 26 ]. 

 Methotrexate, another well-known steroid-sparing agent can be started at a dose 
from 5 to 15 mg/week. The side effects include hepatotoxicity, pulmonary toxicity, 
and renal toxicity. Hematologic effects such as neutropenia, anemia, and thrombo-
cytopenia can also be seen with methotrexate; however, the side effects can be mini-
mized with the addition of folic acid. Lower and colleagues were able to obtain a 
benefi cial response in 61 % of steroid refractory patients with neurosarcoidosis [ 8 ]. 

 Cyclophosphamide is highly toxic with side effects that include bone marrow sup-
pression, teratogenicity, and carcinogenicity. It is usually limited to patients with severe 
neurosarcoidosis refractory to other agents. One study showed reduction of corticoste-
roid doses by as much as 58 % with symptomatic and radiologic recovery [ 27 ]. 

 Recent case reports using infl iximab, a tumor necrosis factor alpha (TNFα) 
inhibitor, have demonstrated successful treatment of refractory neurosarcoidosis. 
One case series included seven patients who received infl iximab infusion with dra-
matic improvements in neurologic symptoms after 1–3 infusions; however, symp-
toms and radiologic abnormalities recurred after cessation of therapy. These patients 
responded well after reinstitution of infl iximab therapy [ 28 ].  

    Prognosis 

 In general, prognosis in neurosarcoidosis is diffi cult to predict, although the prog-
nosis to some degree appears to be dependent on the clinical manifestation. Facial 
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nerve palsy and acute meningeal involvement portend a more favorable prognosis 
[ 4 ]. Heerfordt syndrome, which consists of the triad of facial nerve palsy, parotitis, 
and anterior uveitis, also predicts a favorable prognosis [ 29 ]. 

 Myelopathy is associated with poor prognosis based of a case series of 30 cases 
[ 30 ]. In another study that followed 79 patients with seizures and neurosarcoidosis, 
these patients had more severe, progressive, or relapsing forms of CNS sarcoidosis 
[ 10 ]. Involvement of bilateral optic nerves is also associated with poor prognosis [ 31 ].   

    Cardiac Sarcoidosis 

    Epidemiology 

 In the USA, cardiac involvement that is clinically apparent is seen in only minority 
of patients with sarcoidosis. However approximately 25 % of patients with systemic 
sarcoidosis had myocardial involvement observed during autopsy [ 32 ]. Cardiac sar-
coidosis has a poor prognosis with a median survival of less than 2 years following 
development of clinical signs and symptoms of myocardial involvement [ 33 ]. It 
accounts for about 13–25 % of deaths and is the second most common cause of 
death from sarcoidosis [ 34 ]. In contrast to the USA, up to 85 % of deaths from sar-
coidosis in Japan is reported to be from cardiac sarcoidosis, suggesting a geographic 
and ethnic predilection [ 33 ].  

    Clinical Presentations 

 The clinical presentation in cardiac sarcoidosis is protean and may be generally 
categorized into heart failure, conduction abnormalities, and pericardial disease. 
Only 5 % of patients with cardiac sarcoidosis manifest signs and symptoms that 
suggest cardiac involvement [ 34 ]. The symptoms may be subtle including dyspnea 
and fatigue. Other symptoms such as palpitations and syncope suggest involvement 
of the myocardium and conduction system, whereas angina and pleuritic chest pain 
may raise the suspicion of myocardial and pericardial involvement. In rare instances, 
sudden cardiac death may occur. 

    Heart Failure 

 Heart failure is a signifi cant morbidity in cardiac sarcoidosis and is seen in 23 % of 
patients with cardiac sarcoidosis [ 34 ]. Both restrictive and dilated cardiomyopathy 
can occur leading to ventricular dysfunction that causes heart failure. In addition, 
14–59 % have diastolic dysfunction on echocardiography fi ndings [ 35 ,  36 ]. 
Furthermore, cor pulmonale as a sequelae of secondary pulmonary hypertension 
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due to sarcoidosis can account for about 5–15 % of heart failure due to sarcoidosis. 
The functional status of the heart failure is closely related with the prognosis as 
congestive heart failure is the most common cause of death accounting for approxi-
mately 73 % of deaths from cardiac sarcoidosis [ 36 ]. In a retrospective study of 95 
patients, Yazaki and colleagues demonstrated that worsening of NYHA functional 
class by one functional class, sustained ventricular tachycardia, and left ventricular 
end-diastolic diameter were independent predictors of mortality. In the same study, 
the severity of congestive heart failure was the most powerful prognostic predictor 
in steroid-treated patients with cardiac sarcoidosis [ 37 ].  

    Conduction Abnormalities 

 Third-degree heart block or complete heart block is the most common presentation 
(25–30 %) of conduction abnormalities in cardiac sarcoidosis and it usually pres-
ents at a younger age [ 33 ]. Bundle branch block occurs in 12–61 % of cases with a 
predominant presentation of right bundle branch block (RBBB) [ 38 ]. These occur 
as a result of granuloma or scar tissue involving the nodal artery causing ischemia 
or by direct involvement of the conduction system. The incidence of ventricular 
tachycardia (VT) is 23 %, with approximately 68 % of the time as a result of reentry 
mechanisms [ 33 ]. Atrial fi brillation/fl utter occurs in 19 % of patients due to cardiac 
sarcoidosis [ 35 ]. These supraventricular arrhythmias may be due to atrial dilatation 
or infl ammatory processes involving the atrial foci. Based on an antemortem study 
of 113 patients, sudden cardiac death was usually caused by arrhythmias with an 
incidence of about 67 %. Consequently, 35 % of sudden cardiac deaths were the 
initial manifestation of cardiac sarcoidosis [ 38 ].  

    Pericardial Disease 

 Pericardial involvement has been demonstrated by echocardiography in about 19 % 
of patients with sarcoidosis [ 34 ]. The clinical presentation for pericardial disease 
includes pericardial effusion and pericarditis [ 39 ]. It is rare for constrictive pericar-
ditis and cardiac tamponade to develop in patients with cardiac sarcoidosis [ 40 ,  41 ]. 
However, there is signifi cant incidence of asymptomatic pericardial effusion. In a 
Greek study of 81 histologically confi rmed sarcoidosis patients who underwent 
echocardiogram studies, 21 % of them had mild to moderate pericardial effusions 
with no clinical evidence of heart disease [ 42 ].   

    Diagnosis 

 There are multiple diagnostic criteria for cardiac sarcoidosis. The American 
Thoracic Society (ATS) and World Association for Sarcoidosis and Other 
Granulomatous Disorders (WASOGD) defi ne cardiac sarcoidosis as cardiac 
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dysfunction, ECG abnormalities, and thallium-201 scan defects with or without 
endomyocardial biopsy [ 21 ]. Other criteria adapted from the ACCESS report 
describe defi nite cardiac involvement as treatment-responsive cardiomyopathy, 
ECGs with conduction defects, and positive cardiac gallium scans. 

 A more widely used standard is from the Japanese Ministry of Health and Welfare 
(1993) which includes histologic and clinical diagnosis criteria (Table  8.3 ). Diagnosis 
of cardiac sarcoidosis is confi rmed either by histologic diagnosis or clinical diagno-
sis group. Histologic diagnosis requires an endomyocardial biopsy demonstrating 
epithelioid, noncaseating granuloma. Alternatively, diagnosis of cardiac sarcoidosis 
by the clinical diagnosis group is confi rmed on the basis of histologic diagnosis of 
extracardiac sarcoidosis and the presence of ECG abnormality (complete RBBB, 
left axis deviation, AV block, VT, premature ventricular contraction, or abnormal Q 
or ST changes) with the addition of any one of the following criteria: abnormal wall 
motion, regional wall thinning, or dilation of ventricle; perfusion defect on thal-
lium-201 scintigraphy; decreased ejection fraction or low cardiac output; or moder-
ate interstitial fi brosis or cellular infi ltration on endomyocardial biopsy [ 34 ].

      Endomyocardial Biopsy 

 Histologic confi rmation of myocardial involvement is the gold standard for the diag-
nosis of cardiac sarcoidosis. However, lack of biopsy confi rmation or negative fi nd-
ings do not exclude diagnosis of cardiac sarcoidosis in patients with suspected 
involvement. The sensitivity of endomyocardial biopsy is variable and reported to be 
in the range of 25–75 % as opposed to its high specifi city of almost 100 % [ 29 ,  43 , 
 44 ]. The wide range of sensitivity is thought to be related with sampling error that is 
inherent with endomyocardial biopsies and secondary to the patchy distribution of 
the disease. The procedure itself is performed transvenously and the biopsy is usually 
obtained from the apical septum whereas the typical distribution of sarcoid granu-
loma tends to be in the basal areas. Accordingly, sampling accuracy is dependent on 
the location, where the likelihood of diagnosing sarcoidosis from the right ventricular 
endomyocardial biopsy was 71 % versus 57 % from the left ventricle [ 45 ].  

   Table 8.3    Adapted from the Japanese Ministry of Health and Welfare criteria for the diagnosis of 
cardiac sarcoidosis   

  Histologic diagnosis : Histologic analysis of endomyocardial biopsy demonstrating epithelioid, 
noncaseating granulomas 

  Clinical diagnosis : Histologic confi rmation of extracardiac sarcoid demonstrating epithelioid, 
noncaseating granulomas with the presence of ECG abnormalities (complete RBBB, left axis 
deviation, AV block, VT, premature ventricular contractions, or abnormal Q or ST-T wave 
changes) with one or more of the following: 

 (a) Abnormal wall motion, regional wall thinning, or dilation of the ventricle 
 (b) Perfusion defect by thallium-201 scintigraphy or abnormal accumulation by gallium-67 or 

technetium-99m scintigraphy 
 (c) Depressed ejection fraction, low cardiac output 
 (d) Moderate-grade interstitial fi brosis or cellular infi ltration on biopsy 
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    Electrocardiography 

 Electrocardiography (ECG) abnormalities occur in about 20–50 % of patients with 
cardiac sarcoidosis. First, second- and third-degree AV blocks may be seen. In a study 
of 41 patients with long-term corticosteroid therapy, 75 % of subjects experienced reso-
lution of atrioventricular block [ 46 ]. Arrhythmias such as ventricular tachycardia and 
paroxysmal atrial fi brillation can be better assessed with the use of Holter monitor.  

    Echocardiography 

 Echocardiography has been useful in the diagnosis of cardiac sarcoidosis as an indi-
rect assessment of the myocardium. Echocardiography can be used for assessment 
of systolic function, diastolic function, and regional wall motion abnormalities. In 
cardiac sarcoidosis, granulomatous infi ltration can lead to heart failure with seg-
mental wall motion abnormality, global hypokinesis, asymmetric septal hypertro-
phy, and apical hypertrophy [ 46 ]. Thus, echocardiography can be used as a screening 
tool to detect these abnormalities that may prompt further evaluation with other 
noninvasive imaging processes such as thallium scanning, gallium scanning, car-
diac MRI, or FDG-PET scan to confi rm areas of sarcoid involvement.  

    Noninvasive Nuclear Radiography 

 Cardiac sarcoidosis has adopted three different nuclear medicine scans to help in the 
diagnosis of cardiac sarcoidosis. Thallium-201 scintigraphy for diagnosis of cardiac 
sarcoidosis has been in practice since the 1970s. Thallium scanning can identify 
focal myocardial defects in uptake of the radio-labeled thallium. On autopsy of 
patients that have undergone thallium scans, histologic evidence of noncaseating 
granulomas indicative of granulomatous infi ltration of myocardium was evident in 
areas that were positive on thallium scans [ 47 ]. 

 Gallium scanning may also aid in assessing myocardial infi ltration from sarcoid-
osis as uptake of radio-labeled gallium are seen in areas with active infl ammation or 
where rapid cell division is occurring. The sensitivity of 96 % is quite excellent with 
active infl ammation; however, the specifi city is 37.5 % [ 48 ]. The use of Gallium 
scan to monitor disease progression is less optimal for two reasons; the fi rst being 
the radiation exposure which makes for repetition of more often than twice yearly 
undesirable. Second, prednisone treatment may inhibit gallium uptake which poses 
diffi culty with the practicality of its use as a monitoring tool [ 47 ]. Therefore gallium 
scan may be used as an adjunct modality to aide in diffi cult diagnostic problems in 
cases of suspected sarcoidosis, but not as a single tool to diagnose or monitor dis-
ease activity in cardiac sarcoidosis. 

 Recently, FDG-PET scanning has been shown to be useful in cardiac sarcoidosis. 
In one Japanese study, Yamagishi and colleagues compared thallium and gallium scan 
against FDG-PET scanning in patients with cardiac sarcoidosis [ 49 ]. The authors 
found that thallium scan and gallium scan were able to detect myocardial defects in 
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35 % and 17 % of the cases, respectively, whereas FDG-PET was able to detect myo-
cardial abnormalities in 82 % of the cases. However, myocardial PET scan abnormali-
ties may represent ischemia and thus a positive fi nding must be followed with a 
negative coronary study to confi rm the signifi cance of a positive PET scan [ 50 ].  

    Gadolinium-Enhanced Cardiac Magnetic Resonance Imaging 

 Cardiac magnetic resonance imaging (CMR) is used to assess myocardium in myo-
cardial infarction, hypertrophic cardiomyopathy, and cardiac hypertrophy. It has 
been adapted in the utility of cardiac sarcoidosis as a noninvasive diagnostic test and 
to evaluate treatment effi cacy. 

 A prospective study including 58 patients with histologic confi rmation of extra-
cardiac sarcoidosis underwent evaluation of cardiac sarcoidosis [ 51 ]. This study 
investigated the accuracy of the various diagnostic modalities outlined by the 
Japanese Ministry of Health which included ECG, transthoracic echocardiogram, 
thallium scintigraphy, and CMR. The sensitivity and specifi city for CMR were 
100 % and 78 %, respectively. CMR had a positive predictive value (PPV) and nega-
tive predictive value (NPV) of 55 % and 100 %, respectively. The signifi cant fi nd-
ings seen on CMR included regional contrast enhancement, segmental enhancement, 
and decreased LVEF (Fig.  8.4 ).

  Fig. 8.4    Cardiac sarcoidosis. Focal region of delayed enhancement within the subepicardium and 
myocardium in the inferior aspect of the left ventricular wall Gadolinium enhanced CMR       

 

8 Extrapulmonary Sarcoidosis



164

   CMR has also been studied to follow treatment response of cardiac sarcoidosis 
[ 44 ]. One case series followed 16 sarcoidosis patients who underwent CMR for 
assessment of cardiac involvement of sarcoidosis. The investigators repeated the 
scan for assessment of treatment effi cacy after 1 month of steroid therapy. All eight 
patients with positive CMR fi ndings showed resolution of abnormal fi ndings on 
CMR after 1 month of systemic steroid treatment. CMR may prove to be useful in 
early diagnosis and assessing treatment effi cacy in cardiac sarcoidosis.   

    Treatment 

    Corticosteroid 

 Corticosteroid therapy has been the cornerstone therapy in cardiac sarcoidosis sup-
ported by case reports and case series which showed resolution of symptoms, such 
as dyspnea, arrhythmias, and cardiomyopathy. In a study that followed patients with 
cardiac sarcoidosis treated with prednisone over an average treatment duration of 43 
months (range 6–168 months), Chapelon-Abric and colleagues observed signs of 
clinical resolution in 31 out of 39 patients [ 46 ]. Yazaki and colleagues performed a 
retrospective study demonstrating a 5-year survival of 75 % for those who received 
steroid treatments, whereas those not treated with steroids had a 5-year survival of 
10 % [ 37 ]. Unfortunately, much of steroid therapy in cardiac sarcoidosis is based on 
clinical judgments without guidelines on dose and duration of therapy. 

 A recent Delphi study attempted to assess if there a consensus existed on the man-
agement of cardiac sarcoidosis [ 52 ]. They looked for common practices that over 
70 % of experts have adapted to their practice. Based on the questionnaire, immuno-
modulatory therapy was initiated for the presence of ventricular arrhythmias, hyper-
metabolic activity on a cardiac FDG-PET scan, and/or LV dysfunction. Although 
prednisone was the choice for initial immunosuppressive therapy, there was no con-
sensus on either the initial dosage of prednisone or the duration of therapy. 

 There are weak recommendations to use high dose steroids (60–80 mg/day) dur-
ing the initial treatment phase; however, there was no difference in outcome in patients 
that had low dose (<30 mg/day) versus high dose (>40 mg/day) [ 33 ]. If severe symp-
toms exist, treatment is typically initiated with intravenous corticosteroids which is 
switched to oral corticosteroids as the symptoms improve. Once treatment is insti-
tuted, continuing lifelong steroid therapy to prevent relapsing cardiac symptoms is 
recommended as this disease carries high morbidity and mortality. Specifi cally 23 % 
of patients have relapse of cardiac sarcoidosis and importantly there is an increased 
risk of sudden cardiac death due to abrupt discontinuation of steroids [ 46 ].  

    Nonsteroidal Immunomodulators 

 Several nonsteroidal immunomodulators are being used instead of corticosteroids 
or as a steroid-sparing agent. Many experts have treated cardiac sarcoid patients 
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successfully with methotrexate and azathioprine based on data from treatment of 
pulmonary and cutaneous sarcoidosis [ 53 ]. Infl iximab, a TNFα inhibitor, is a rela-
tively new agent used for treatment of various sarcoidosis organ involvements. 
There have been case reports of using infl iximab as a single agent with complete 
resolution of cardiac symptoms [ 54 ,  55 ].  

    Automated Implantable Cardiac Defi brillator 

 Lethal arrhythmias and sudden cardiac death are a signifi cant morbidity in cardiac 
sarcoidosis with upwards of 60 % of patients developing sudden cardiac death. 
Interestingly, the correlation between the patient’s left ventricular ejection fraction 
(LVEF) and the likelihood of sudden cardiac death from ventricular arrhythmias in 
cardiac sarcoidosis is not clear [ 56 ]. The goal to treat ventricular arrhythmias that 
result in sudden cardiac death has been the major indication for automated implant-
able cardiac defi brillator (AICD) in these patients. Initially AICDs were placed in 
patients who demonstrated potentially lethal rhythms in cardiac sarcoidosis with 
success [ 57 ], followed by several reports describing the benefi ts of prophylactic 
placement of AICD in cardiac sarcoidosis [ 56 ,  58 ]. An AICD can be placed in car-
diac sarcoid patients with either sustained or nonsustained VT. Currently, the 
American College of Cardiology/American Heart Association/Heart Rhythm 
Society recommends placement of an implantable defi brillator in infi ltrative dis-
eases, such as sarcoidosis (Class IIa recommendation) [ 59 ].    

    Ocular Sarcoidosis 

    Epidemiology 

 The prevalence of sarcoidosis is 10–20 per 100,000 of which 25–50 % have ocular 
involvement [ 60 – 62 ]. The geographic distribution, population samples, duration of 
follow-up, and the extent of ophthalmologic examination in epidemiologic studies 
are all closely associated with the true prevalence of ocular sarcoidosis. In a study 
following 121 patients, uveitis occurred in 24 % of patients with systemic sarcoid-
osis. Furthermore, 58 % of patients with ocular involvement had uveitis which was 
the most frequent manifestation of ocular involvement [ 63 ]. Rothova and colleagues 
reported 41 % of sarcoidosis patients developed or had ocular involvement which 
were more commonly seen in the black population (58 %) and in females (56 %) 
[ 63 ]. Birnbaum and colleagues reported similar demographics for ocular sarcoid-
osis in which about 68 % of patients with biopsy-proven sarcoidosis and clinical 
signs of ocular involvement were females and 62 % of these patients were African 
Americans [ 64 ]. Furthermore, genetic studies have demonstrated HLA DRB1*0401 
polymorphism to be associated with ocular sarcoidosis [ 65 ].  
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    Clinical Presentations 

    Uveitis 

 Uveitis is the most common ocular manifestation of sarcoidosis with a prevalence 
of almost 25–50 %. Uveitis can be compartmentalized into anterior, intermediate, 
posterior, and panuveitis. Rothova and colleagues studied 582 patients with ocular 
sarcoidosis and reported that 50 % had anterior uveitis, 22 % had posterior uveitis, 
followed by 18 % who had panuveitis [ 66 ]. Anterior uveitis was predominant in 
black patients in one study from Amsterdam, whereas posterior and panuveitis were 
observed more in white patients. Posterior and panuveitis had an increased fre-
quency of complications requiring intraocular surgery and laser coagulation treat-
ment for treatment of glaucoma and severe visual loss [ 63 ]. 

 Uveitis typically has a subacute onset early in the course of systemic sarcoidosis 
and can occur at any time in the disease course of sarcoidosis. In fact patients can 
present with isolated uveitis followed by eventual development of systemic sarcoid-
osis. Uveitis can also occur with other symptoms to constitute Lofgren’s syndrome 
(hilar adenopathy, erythema nodosum, and polyarthralgias) and Heerfordt’s 
 syndrome (parotitis, uveitis, and cranial nerve palsy) [ 67 ]. 

 Characteristics of anterior uveitis that are signifi cant in the diagnosis of ocular 
sarcoidosis include keratic precipitates (KP) (mutton-fat precipitates), iris nodules 
found at the papillary margins (Koeppe nodules) or on the surface of the iris (Busacca’s 
nodules), and granulomas on trabecular meshwork (occasionally associated with 
elevated eye pressure) [ 66 ,  67 ]. Typical characteristics of intermediate uveitis include 
vitritis and snowballing/string of pearls vitreous opacities. Posterior uveitis is a result 
of retinal perivasculitis which can manifest as retinal hemorrhage, neovasculariza-
tion, and choroidal infi ltrates surrounding retinal veins with a waxy, yellow appear-
ance described as “candle wax dripping”(Fig.  8.5 ) [ 67 ]. These fi ndings are highly 
suggestive; however, none of them are pathognomonic to ocular sarcoidosis.

   Signifi cant unilateral visual impairment is seen in about 10 % of patients and 
signifi cant bilateral visual impairment in 14 % of patients with uveitis due to sar-
coidosis [ 60 ]. Posterior uveitis is usually asymptomatic although it is also consid-
ered vision threatening [ 67 ]. Thus, the American Thoracic Society recommends that 
all sarcoidosis patients should have routine ophthalmologic examination on initial 
evaluation regardless of symptoms [ 68 ].  

    Conjunctival and Lid Involvement 

 Conjunctival and lid involvement are the next most common manifestation after uve-
itis in ocular sarcoidosis. In patients with sarcoidosis the prevalence is 19 % and 16 %, 
respectively [ 63 ]. Dacryocystitis (lacrimal gland infl ammation), keratoconjunctivitis 
sicca (KC), and periocular soft tissue infl ammation have been described (Fig.  8.6 ). 
Both dacrocystitis and KC can occur even without lacrimal gland enlargement, but 
can be detected using gallium scanning and Schirmer’s test, respectively [ 67 ].
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        Diagnosis 

 Diagnosis of ocular sarcoidosis may be challenging as obtaining ocular tissue 
biopsy can be diffi cult and the differential diagnosis include entities such as Behcet’s 
disease, ocular tuberculosis, Vogt–Koyanagi–Harada disease, ocular toxoplasmosis, 
HTLV-1-associated uveitis, leprosy, multiple sclerosis, and syphilis [ 68 ]. 

 In 2006, the First International Workshop on Ocular Sarcoidosis (FIWOS) devel-
oped criteria for the diagnosis of ocular sarcoidosis [ 69 ]. In the guidelines set forth 
from FIWOS, categories including defi nite, probable, and possible were incorpo-
rated in the diagnosis criteria. These guidelines refl ect the diffi culty in obtaining 

  Fig. 8.5    Candle wax 
drippings appearance 
secondary to choroidal 
infi ltrates surrounding retinal 
veins with a  waxy ,  yellow  
appearance       

  Fig. 8.6    Dacrocystitis presenting as swollen palpebral lobe of the lacrimal glands in both upper 
eyelids. Biopsy revealed noncaseating granuloma consistent with sarcoidosis       

 

 

8 Extrapulmonary Sarcoidosis



168

ocular tissue biopsy and emphasize the use of seven clinical signs that are character-
istic but not pathognomonic for ocular sarcoidosis. It also includes laboratory or 
radiologic investigations that can be used to support the diagnosis of ocular sarcoid-
osis. The FIWOS conference utilizes a combination of these factors to establish 
diagnosis as defi nite, presumed, probable, and possible ocular sarcoidosis (Table  8.4 ).

   The new guidelines set forth in 2006 were compared to the 1999 criteria to diag-
nose ocular sarcoidosis [ 70 ]. The new guidelines were found to increase the diag-
nostic specifi city from 45.6 to 83 % without sacrifi cing much on sensitivity which 
ranged from 80 to 84 %. The newer guidelines were more apt in identifying patients 
with ocular sarcoidosis versus other etiologies of uveitis.  

    Treatment 

 The treatment for ocular sarcoidosis is dependent on the severity of disease. Milder 
cases of ocular sarcoidosis usually respond well with topical corticosteroids. Most 
uveitis, especially anterior uveitis, responds well with topical steroids alone or in 
combination with systemic steroids. However, in one study that followed 75 patients 

   Table 8.4    Clinical signs suggestive of ocular sarcoidosis   

 1. Mutton-fat/granulomatous KPs and/or iris nodules (Koeppps/Busacca) 
 2. Trabecular meshwork (TM) nodules and/or tent-shaped peripheral anterior synechiae (PAS) 
 3. Snowballs/string of pearls vitreous opacities 
 4. Multiple chorioretinal peripheral lesions (active and/or atrophic) 
 5. Nodular and/or segmental periphlebitis (± candlewax drippings) and/or retinal macroaneu-

rysm in an infl amed eye 
 6. Optic disc nodule(s)/granuloma(s) and/or solitary choroidal nodule 
 7. Bilaterality (assessed by clinical examination or investigational tests showing subclinical 

infl ammation) 
  Laboratory investigations in suspected ocular sarcoidosis  
 1. Negative tuberculin test in a BCG vaccinated patient or having had a positive PPD (or 

Mantoux) skin test previously 
 2. Elevated serum angiotensin converting enzyme (ACE) and/or elevated serum lysozyme 
 3. Chest X-ray: bilateral hilar lymphadenopathy (BHL) 
 4. Abnormal liver enzyme tests [any two of alkaline phosphatase (ALKP), aspartate aminotrans-

ferase (AST), alanine aminotransferase (ALT), lactate dehydrogenase (LDH), or gamma 
glutamyl transpeptidase (GGT)] 

 5. Chest CT scan in patients with negative chest X-ray 
  Diagnostic criteria for ocular sarcoidosis  
 All other causes of uveitis, in particular tuberculous uveitis, have to be ruled out 
 1. Biopsy supported diagnosis with compatible uveitis  Defi nite ocular sarcoidosis 
 2. Biopsy not done; presence of BHL with a compatible uveitis  Presumed ocular sarcoidosis 
 3. Biopsy not done and BHL negative; presence of three of the 

suggestive signs and two positive investigational tests 
 Probable ocular sarcoidosis 

 4. Biopsy negative, four of the suggestive intraocular signs and 
two of the investigations are positive 

 Possible ocular sarcoidosis 
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with sarcoid uveitis, almost 49 % of patients eventually required oral steroids for 
treatment by 5 years into the diagnosis and almost 74 % required oral steroids by 
year 10 of the diagnosis [ 71 ]. Visual acuity returned to normal in about 54 % of 
patients after treatment with steroids, whereas only 4.6 % developed severe bilateral 
visual loss. 

 Treatment with nonsteroidal immunomodulators such as azathioprine, metho-
trexate, cyclosporine, tacrolimus, and mycophenolate mofetil have been used for 
steroid refractory or intolerant patients based on weak evidence from case series and 
case reports with good outcome [ 60 – 62 ,  72 ]. There is also a role of TNFα inhibitors, 
such as infl iximab in cases of refractory ocular sarcoidosis. The data in the use of 
infl iximab are anecdotal at best but promising [ 73 ,  74 ].  

    Prognosis 

 Ocular manifestations of sarcoidosis can be initially asymptomatic and therefore 
annual ophthalmologic examination is typically recommended in all sarcoidosis 
patients as the potential consequences are signifi cant. The prognosis is dependent 
on the compartment involved; anterior ocular involvement typically portends a bet-
ter prognosis as opposed to posterior ocular involvement and panuveitis are associ-
ated with poorer prognosis.   

    Skin Sarcoidosis 

    Epidemiology 

 Sarcoidosis has been described as one of the greatest mimickers in dermatology due 
to its wide range of presentation [ 75 ]. Cutaneous involvement of systemic sarcoid-
osis is classifi ed as specifi c or nonspecifi c based upon the presence or absence of 
noncaseating granulomas on histopathologic examination [ 76 – 78 ]. The most com-
mon specifi c lesions include lupus pernio (LP), infi ltrated plaques, macular and 
papular lesions, and subcutaneous nodules. Less common manifestations include 
hypopigmented patches, ulcers, alopecia, verrucous lesions, and erythroderma [ 76 –
 80 ]. The most common nonspecifi c lesion of sarcoidosis is erythema nodosum (EN) 
[ 76 ,  78 ,  79 ]. 

 Recently, the ACCESS trial reported an incidence of cutaneous involvement in 
the overall sarcoidosis population to be 24.2 % with the African-American popula-
tion demonstrating an increased incidence of skin involvement other than in cases of 
erythema nodosum [ 1 ]. These fi ndings are consistent with other studies [ 81 ], 
although other reports including the American Thoracic Society’s position statement 
have reported slightly higher incidences with additional evidence that skin sarcoid-
osis may occur more commonly in females [ 10 ,  82 ]. Cutaneous manifestations of 
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sarcoidosis can be the lone sign of disease and the severity of these lesions can be 
variable in relation to the degree of systemic disease [ 83 ]. Roughly 20 % of patients 
will have skin lesions prior to the presentation of signs of systemic disease, 50 % will 
have simultaneous manifestations, and 30 % will experience their fi rst skin involve-
ment several years after their initial diagnosis of systemic sarcoidosis [ 84 ]. 

    Erythema Nodosum 

 EN is found to occur more commonly in European, Puerto Rican, and Mexican 
patients as well as women of child-bearing age. Furthermore, EN occurs commonly 
in females with a prevalence between 2 and 20 % [ 7 ,  85 ]. EN is considered a hallmark 
of acute sarcoidosis. Typical lesions are raised, red, tender, and commonly seen on the 
anterior aspect of the lower extremities (Fig.  8.7 ). Additional locations can include 
the trunk and other limb areas [ 79 ,  86 ]. Adjacent joints are frequently involved with 
clinically evident swelling or pain. Hallmarks of EN are that granulomas are not seen 
on skin biopsies, the lesions may resolve with treatment in 6–8 weeks, and that EN 
serves as a herald of a good overall prognosis [ 87 ,  88 ]. Löfgren’s syndrome is a spe-
cifi c syndrome observed in sarcoidosis when EN is combined with fever, hilar 

  Fig. 8.7    Erythema nodosum 
presenting as tender 
erythematous lesion on the 
pretibial areas of lower 
extremities       
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lymphadenopathy, and arthralgia [ 89 ]. Löfgren’s syndrome’s incidence is variable 
and can be as high as of 20–30 % in Caucasians but less frequent in other races/eth-
nicities [ 87 ,  90 ]. Löfgren’s syndrome typically portends good prognosis. Accordingly, 
a study that examined the genetic background of Löfgren’s syndrome in northern 
European population found HLA-DRB1*0301 to be associated with higher likeli-
hood of spontaneous remission and good prognosis with this syndrome [ 91 ].

       Lupus Pernio 

 In contrast, lupus pernio is an indurated disfi guring plaque with violaceous discol-
oration typically of the nose, cheeks, lips, ears, and nasal mucosa (Fig.  8.8 ). Lupus 
pernio is seen with a higher incidence in African-American females [ 86 ,  87 ] and 
typically progress to chronic disease without spontaneous remission with worse 
prognosis. Lupus pernio is often associated with bone cysts, pulmonary fi brosis, and 
sarcoidosis of upper respiratory tract (SURT) [ 87 ,  88 ].

       Macular Skin Lesions, Papules, Nodules, Plaques 

 Macules can present as hypopigmented, atrophic, or an erythematous variety [ 92 ,  93 ] 
and lichenoid papules presenting on generalized, localized, or perifollicular areas 
[ 94 ]. Subcutaneous sarcoidosis (Darier–Roussy syndrome), which carries a good 
prognosis, is a rare condition predominantly affecting middle-aged Caucasian 

  Fig. 8.8    Lupus pernio 
with indurated plaque 
involving the forehead, 
cheeks, and nose       
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patients. Most cases occur as fi rm, painless, mobile, round nodules in the upper 
extremities that demonstrate classic noncaseating epithelioid-cell granulomas on 
biopsy (Fig.  8.9 ) [ 95 ]. Plaques may present as a morpheaform sarcoidosis that is clini-
cally indistinguishable from true morphea (prominent dermal sclerosis with indura-
tion) [ 96 ] or erythematous annular lesions with central hypopigmentation [ 97 ]. Many 
of these lesions have been reported to experience high degrees of resolution with vari-
ous therapies and typically carry a better clinical prognosis than lupus pernio [ 87 ].

       Other Forms of Skin Sarcoidosis 

 Additional forms of cutaneous sarcoidosis include ichthyosiform sarcoidosis char-
acterized by noncaseating granulomas in areas of fi ne scaling on the distal extremi-
ties [ 76 ], tattoo sarcoid that results as a localized reaction in cosmetic tattoos with 
systemic spread of tattoo pigment causing reaction in distant systemic sites [ 98 –
 100 ], and psoriasiform eruptions that can be indistinguishable from typical forms of 
psoriasis in the absence of biopsy [ 101 ].   

    Treatment 

 Treatment of cutaneous sarcoidosis depends on clinical severity and the type 
of lesion as not all skin lesions require treatment [ 87 ]. Topical therapy with cortico-
steroids in the form of creams, drops, or sprays is a reasonable initial regimen for 
isolated skin lesions and for lesions of the lip or mucous membranes [ 87 ,  102 ]. 

  Fig. 8.9    ( a ) Gadolinium-enhanced subcutaneous lesion consistent with Darier–Roussy syndrome. 
( b ) Chest radiograph revealed classic bilateral hilar adenopathy consistent with the diagnosis of 
sarcoidosis       
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Topical regimens may also include the calcineurin inhibitor immunosuppressant 
tacrolimus. Therapy with 0.1 % tacrolimus ointment twice daily has shown to lead 
to complete resolution of some skin lesions within a few months and can be used as 
a single agent or in combination therapy [ 100 ,  103 – 105 ]. Systemic corticosteroids 
are the treatment of choice and typically started at a dose between 20 and 40 mg/
day. Every effort should be made to taper the corticosteroids to the lowest dose that 
would provide effect. Alternative treatments including methotrexate, lefl unomide, 
and antimalarial drugs can used as an adjunct to corticosteroid treatment or alone as 
monotherapy [ 106 ,  107 ]. Thalidomide known for its anti-TNF-α activity has also 
been used successfully as monotherapy for cutaneous sarcoidosis [ 108 ]. Furthermore, 
other anti-TNF-α medications such as Infl iximab or Adalimumab have had success 
with isolated cases including cases of lupus pernio and other treatment resistant skin 
lesions, providing hope to patients with lesions that generally carry a relentless 
clinical course [ 97 ,  106 ,  109 – 115 ].   

    Hepatic Sarcoidosis 

    Epidemiology 

 The frequency of hepatic involvement of sarcoidosis is reported with great variabil-
ity and is dependent on the methods used in these investigations. Autopsy studies 
have demonstrated liver involvement in up to 44.6 % of patients with sarcoidosis 
[ 116 ] and a case series of needle biopsies in suspected sarcoidosis reported an inci-
dence of granuloma consistent with sarcoidosis in 24–79 % of patients [ 117 ,  118 ]. 
A number of other studies using a variety of diagnostic modalities have also 
described hepatic involvement of systemic sarcoidosis with ranges from 50 to 90 % 
[ 119 – 121 ]. Recently, the ACCESS trial observed an incidence of only 11.5 % for 
hepatic involvement in sarcoidosis [ 1 ] with African Americans being twice as likely 
to have involvement of the liver than Caucasians ( p  < 0.0001) [ 1 ].  

    Clinical Presentations 

 Clinical symptoms of hepatic sarcoidosis are often absent and can be highly non-
specifi c. Manifestations such as fatigue, pruritis, and right upper quadrant pain have 
only been described in 15.9 % of patients [ 120 ]. Weight loss, jaundice, and fever 
due to hepatic sarcoid are less common and seen in only 5 % of patients [ 119 ,  120 ]. 
Less than 20 % of patients with hepatic sarcoidosis will have clinically appreciable 
hepatomegaly [ 122 ] and in most cases, liver or spleen involvement is only detected 
incidentally on radiographic investigations in the absence of clinical or laboratory 
abnormalities [ 123 ]. 
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 Cirrhosis is seen in 6 % hepatic sarcoidosis that can further lead to portal hyper-
tension in 3 % of patients [ 120 ]. The most common cause is from granulomatous 
infi ltration of the portal areas leading to reduced fl ow to the hepatic sinusoids. Other 
known sequelae with portal hypertension such as variceal disease in the esophagus 
and stomach can be a cause of gastrointestinal bleed [ 124 ,  125 ].  

    Diagnosis 

    Laboratory Studies 

 Reports of abnormal serologic tests in hepatic sarcoidosis range from only 4 to 
24.4 % [ 122 ,  126 ]. When abnormal, serum liver tests typically reveal a cholestatic 
pattern with elevation of serum alkaline phosphatase and only mild elevations in 
transaminases [ 119 ,  127 – 129 ]. Laboratory studies may be useful in differentiating 
hepatic sarcoidosis from other hepatic pathologies like primary biliary cirrhosis 
(PBC) through evidence of an elevated angiotensin-converting enzyme, hypercalce-
mia, or a negative anti-mitochondrial antibody titer.  

    CT Imaging 

 Radiographically, there are no distinct lesions specifi c to hepatic sarcoidosis. Most 
granulomata are less than 2 mm in diameter which cannot be adequately assessed 
using the resolution of abdominal CT scans [ 130 ]. The most common fi ndings on 
CT imaging are diffuse hepatic heterogeneity with hepatomegaly and splenomegaly 
seen on CT imaging (Fig.  8.10 ) [ 131 ]. Hepatic nodules representing coalescent 

  Fig. 8.10    ( a ) Contrast-enhanced axial CT image of multiple low attenuation lesions that appears 
to be coalescing throughout the liver. ( b ) Biopsy revealing noncaseating granuloma       
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granulomas are less commonly observed and are seen in about 5 % of patients [ 131 ]. 
These lesions are typically well defi ned with low attenuation on CT imaging.

      Histopathology 

 Klatskin described the characteristic histology of hepatic sarcoid as scattered, 
sharply circumscribed, discrete granulomata, predominantly in the portal triad, but 
occasionally elsewhere in the lobules. Lobular architectures are typically well pre-
served with absence of necrosis. Typically, the diagnosis of hepatic sarcoidosis is 
pursued after identifying evidence of extrahepatic organ involvement. 

 The presence of granulomas in the liver can also occur from diseases other than 
sarcoidosis (Table  8.5 ). In fact when granulomas are observed on biopsy, the fre-
quency of etiologies has been shown to be more commonly due to PBC (23.8 %) 
than sarcoidosis (11.1 %) [ 132 ]. Both sarcoidosis and PBC can lead to chronic 
cholestasis and biliary cirrhosis which pose diffi culty in distinguishing the two dis-
eases [ 133 ]. While hepatic sarcoidosis and PBC may be indistinguishable from one 

   Table 8.5    Differential diagnosis of hepatic granulomas   

 Differential  Granuloma histology 
 Extrahepatic 
manifestations  Serologic fi ndings 

 Sarcoidosis  Sharply circumscribed, 
discrete granulomata, 
predominantly in the portal 
triad, but occasionally 
elsewhere in the lobules. 
Lobular architectures are 
typically well preserved 
with absence of necrosis 

 Pulmonary, neurologic, 
cardiac, ocular, 
cutaneous, splenic, 
or other extrapulmonary 
sarcoid manifestations 

 Elevated ACE 
 Hypercalcemia 

 Primary biliary 
cirrhosis 

 May be indistinguishable 
from sarcoidosis 

 Delayed-type 
hypersensitivity reactions 
(i.e., Sjogren’s syndrome, 
fi brosing alveolitis, 
ulcerative colitis) [ 31 ] 

 Anti-mitochondrial 
antibodies 
 Anti-GP210 

 Drug-induced 
granulomas 

 Granulomas in the presence 
of eosinophilic infi ltrates 

 Specifi c manifestations 
with drug 

 None 

 Mechanical 
biliary 
obstruction 

 Poorly formed granulomas in 
close association with necrotic 
hepatocytes with bile pigment 

 Disease specifi c 
manifestations (i.e., 
weight loss or B-signs 
of malignancy, Murphy 
Sign, or jaundice of acute 
obstruction) 

 None 

 Infectious 
etiologies 

 May be indistinguishable 
from sarcoidosis, but often 
more irregular or lobulated 
with more peri-granuloma 
infl ammation 

 Varies with infectious 
etiology 

 Viral hepatitis titers 
 Quantiferon gold + 
 Cultures 
 Gastric washings 

 Idiopathic  May be indistinguishable 
from sarcoidosis 

 Diagnosis of exclusion from above etiologies 
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another histologically, serologic testing can aid in the differentiation. Positive anti- 
mitochondrial antibody is commonly detected in PBC but is absent in sarcoidosis 
[ 118 ]. Additionally, anti-GP210 is observed in up to 47 % of patients without anti- 
mitochondrial antibodies with PBC, but not in sarcoidosis [ 118 ,  134 ].

   Other potential diseases with hepatic granulomas include drug induced granulo-
mas, mechanical biliary obstruction, tuberculosis, brucellosis, and idiopathic hepatic 
granulomas. The presence of eosinophilic infi ltrates in association with culprit medi-
cations (glibenclamide, metronidazole, baclofen, nitrofurantoin, and allopurinol) sug-
gests drug-induced granulomas [ 132 ]. Granulomas secondary to mechanical biliary 
obstruction can persist for more than 6 months and are often seen with poorly formed 
granulomas in close association with necrotic hepatocytes with bile pigment [ 132 ]. 
Infectious etiologies such should be evaluated by additional serologic testing. Finally, 
in the absence of other supporting elements to conclude the diagnosis of hepatic sar-
coidosis or other etiologies, the presence of granulomas can be idiopathic.   

    Treatment 

 The vast majority of hepatic sarcoidosis usually do not necessitate treatment as most 
liver abnormalities spontaneously improve without treatment [ 135 ]. Thus asymp-
tomatic patients with abnormal liver function tests can be followed closely with 
serial tests to document improvement over time. 

 Corticosteroids is the fi rst-line treatment with hepatic sarcoidosis and may be 
considered in patients who experience fever, nausea, vomiting, weight loss, or right 
upper quadrant abdominal pain [ 12 ]. In most patients with hepatic sarcoidosis, cor-
ticosteroids appear to be effective, although the response to corticosteroids can be 
variable. Furthermore, systemic corticosteroids have not been shown to defi nitively 
prevent progression to portal hypertension [ 119 ,  136 ,  137 ]. In fact, a retrospective 
study in patients with hepatic sarcoidosis showed corticosteroids to be associated 
with higher likelihood to develop recurrent active disease [ 138 ]. 

 While corticosteroids may improve hepatomegaly and liver function abnormali-
ties, symptoms associated with cholestasis may not necessarily show improvement. 
Alternatively, treatment with ursodeoxycholic acid (UDCA), compared to systemic 
corticosteroids, has been shown to have improvement with Pruritus, fatigue, jaundice, 
and serologic improvement and may be used in hepatic sarcoidosis [ 127 ,  139 – 141 ]. 

 Methotrexate (MTX) also has clinical benefi t in the treatment of hepatic sarcoid-
osis. However, given the risk for hepatic toxicity, careful assessment of risks and 
benefi ts to the patient must be considered before its use especially with hepatic 
sarcoidosis. The work-up for patients starting MTX should include clinical and 
serologic assessment of risk factors for MTX toxicity (including alcohol intake), 
patient education, aspartate aminotransferase (AST), alanine aminotransferase 
(ALT), albumin, complete blood cell (CBC), creatinine, and chest X-ray. 
Additionally, it is important to consider that exacerbation of hepatic disease carries 
additional risk in obesity, diabetes, and both viral and alcoholic hepatitis. While 
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liver function test abnormalities may be due to either hepatic sarcoidosis or MTX, 
lab values 2–4 times the upper limit of normal should lead to a MTX dose reduction, 
additional folate supplementation, withdrawal of MTX, or a liver biopsy to evaluate 
for MTX toxicity [ 142 ]. 

 Finally, when patients fail to respond to systemic corticosteroids or MTX or develop 
severe toxicities, alternate therapies should be considered. Azathioprine, lefl unomide, 
or biologicals can be considered [ 143 ,  144 ]. Although end-stage liver disease (signifi -
cant liver dysfunction, chronic cholestasis, cirrhosis, portal hypertension) from hepatic 
sarcoidosis is uncommon, transplant may be required in rare instances [ 120 ,  137 ,  145 ]. 
In such cases, there are reports of recurrence of hepatic sarcoidosis in the transplanted 
liver with no increase in hepatic related mortality [ 146 – 148 ].   

    Splenic Sarcoidosis 

    Epidemiology 

 The incidence of splenic involvement from sarcoidosis is highly variable. Older 
studies have reported incidences to be 38–77 % based on autopsy reports and 
24–59 % with fi ne needle aspiration biopsies [ 117 ,  149 – 151 ]. Another older study 
reported the spleen to be the second most common site of organ involvement in 
sarcoidosis after the lung [ 152 ]. However, the rate of splenic involvement in the 
recent ACCESS study [ 1 ] reported splenic involvement to be only 6.7 %, similar to 
more recent studies among all sarcoidosis patients [ 153 ,  154 ].  

    Clinical Signs and Symptoms 

 Splenic sarcoidosis can present in a variety of ways from asymptomatic radio-
graphic fi ndings to abdominal pain, signs of portal hypertension, pancytopenia, and 
rarely, acute splenic infarct or rupture [ 87 ,  155 ,  156 ]. Some patients may experience 
constitutional symptoms including night sweats, fever, and malaise [ 157 ]. In patients 
with systemic sarcoidosis, less than 20 % have any evidence of hepatosplenomegaly 
[ 158 ], 10–15 % have a palpable spleen on examination [ 149 ], and only 3 % can be 
classifi ed as massive splenomegaly [ 149 ].  

    Diagnosis 

 The diagnosis of splenic sarcoidosis is often made in a patient with known sarcoid-
osis and radiographic evidence of splenomegaly, which is more common than hepa-
tomegaly [ 123 ,  131 ,  159 ]. Focal areas of granulomas seen as multiple lesions with 
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low attenuation on CT imaging may also be seen [ 160 ]. However, there may be 
value in the use of contrast-enhanced ultrasound for the visualization of distinct 
lesions [ 154 ]. Pursuing a potential diagnosis of splenic sarcoidosis is indicated in 
the setting of abdominal pain, early satiety, leukopenia, anemia, thrombocytopenia, 
poikilocytosis, or Howell Jolly bodies [ 161 ]. Additionally, while not of diagnostic 
value, spleen size has been shown to be in close correlation with serum markers 
such as increased angiotensin converting enzyme and relative counts of CD4+ and 
non-CD4+, non-CD8+ lymphocytes [ 162 ,  163 ].  

    Treatment 

 Treatment for splenic involvement of sarcoidosis is not well defi ned. Case studies 
have demonstrated spontaneous resolution of the condition with close monitoring 
and symptom management [ 164 ]. Although systemic corticosteroid therapy has 
been the standard of treatment in regimens for sarcoidosis, its impact on resolution 
or progression of splenic sarcoidosis has been mixed [ 155 ]. Furthermore, splenic 
involvement has been noted to predict poor effi cacy of corticosteroids in treatment 
of sarcoidosis in other organ systems [ 157 ,  165 ]. 

 Defi nitive therapy for splenic sarcoidosis is splenectomy and is typically consid-
ered when there is concern for, or evidence of, splenic rupture or refractory systemic 
complications (i.e., thrombocytopenia). Spontaneous rupture of the spleen is 
extremely rare [ 166 – 168 ] and is not directly associated with the degree of spleno-
megaly on clinical or radiographic assessment but rather with blood vessel involve-
ment within the spleen with granulomas and fi brinous clots seen on pathologic 
specimens [ 169 ]. Splenectomy has been shown to result in complete resolution of 
thrombocytopenia in patients with severe disease and repeated episodes of bleeding, 
but success is limited in patients with only mild disease [ 170 ]. Additionally, patient 
outcomes after splenectomy are impacted by the risk for postoperative death or 
death from complications of sarcoidosis in additional organs [ 155 ]. Therefore, dili-
gent trial of corticosteroid must be pursued and surgical risks must always be 
weighed with the potential benefi ts during consideration of splenectomy.   

    Calcium Dysregulation 

 The granulomatous disease in sarcoidosis can cause increased 1-α hydroxylase 
activity leading to increased conversion of 25-hydroxyvitamin D to 1, 
25- dihydroxyvitamin D, an active form of vitamin D. As a result, hypercalcemia 
and hypercalciuria can occur in sarcoidosis [ 171 ]. The reported incidence of hyper-
calcemia can be highly variable ranging from 2 to 63 %, depending on the refer-
enced literature [ 171 ]. Hypercalciuria is more commonly seen compared to 
hypercalcemia and can cause nephrocalcinosis, nephrolithiasis, and renal failure 
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[ 172 ,  173 ]. Furthermore, hypercalciuria can be the presenting feature of sarcoidosis 
and occur before hypercalcemia [ 173 ]. Therefore serum calcium, creatinine, and 
urinalysis must be performed as part of the evaluation for sarcoidosis. 

 Treatment of hypercalcemia must be instituted if serum calcium is greater than 
11 mg/dl or there is evidence of renal failure or nephrolithiasis. Milder cases of 
hypercalcemia may be monitored closely if no other indications for treatment with 
sarcoidosis exist. Corticosteroids remain the mainstay of treatment and used at a 
dose between 20 and 40 mg/day. Other treatments such as hydroxychloroquine and 
ketoconazole have been reported with success [ 174 ,  175 ]. If calcium dysregulation 
does not improve with treatment, careful evaluation of other disorders that cause 
hypercalcemia such as parathyroid disease and hematologic and solid organ malig-
nancy must be explored.  

    Miscellaneous 

 Sarcoidosis can affect the bones in up to 13 % of patients [ 176 ]. African Americans 
are more commonly affected and it typically involves the bones of the hands and feet, 
although other bones may be affected. Patients are typically asymptomatic, although 
some can present as painful lesions with or without adjacent arthritis. Radiographic 
imaging studies can show cystic or punched-out lesions [ 177 ]. Treatment involves 
using systemic corticosteroids, although alternatives such as methotrexate or azathio-
prine may be used as an adjunct treatment in addition to corticosteroids [ 176 ]. 

 Peripheral lymphadenopathy, with presence of noncaseating granulomas within 
the affected lymph nodes may be seen in sarcoidosis as part of the involvement of 
the lymphatic system. However, if noncaseating granulomas are found without 
other systemic involvement, careful evaluation for infection or malignancy must be 
undertaken. Findings of granuloma from a lymph node may be seen in the draining 
lymph nodes of a cancer, as part of “sarcoid-like reaction” [ 178 ]. 

 Renal involvement can occur in up to 20 % of patients with sarcoidosis, although 
clinical manifestations stemming from the granulomas are not common. Interstitial 
nephritis, membranous glomerulonephritis, mesangioproliferative glomerulone-
phritis, immunoglobulin A nephropathy, and crescentic glomerulonephritis are rare 
but have been reported [ 179 ].     
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    Abstract     The respiratory system is the organ system most commonly affected by 
sarcoidosis. The most common fi nding is mediastinal and/or hilar lymphadenopa-
thy, however involvement of the upper and lower airways, lung parenchyma, and 
pulmonary vasculature are also seen with varying frequencies. This chapter utilizes 
a case-based format in order to highlight different presentations of pulmonary sar-
coidosis with which clinicians should be familiar. The accompanying discussions 
are designed to review the existing literature regarding each presentation as well as 
provide a historical view of pulmonary sarcoidosis for the practicing clinician. 
While there are many different presentations of pulmonary sarcoidosis that could 
have been discussed here, these cases were selected specifi cally for their instructive 
potential and not because of their frequency. Our hope is that these cases will 
enhance clinicians’ understanding of different pulmonary sarcoidosis presentations 
as well as improve their comfort level with the management of this disease.  
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        Sarcoidosis with Associated Pulmonary Hypertension 

    Case Presentation 

 Mrs. D is a 52-year-old African-American female with a history of sarcoidosis char-
acterized by pulmonary and ocular involvement who was seen in follow-up for 
increasing fatigue. Aside from sarcoidosis, her medical history is notable for essen-
tial hypertension and she has a fi rst cousin with sarcoidosis. She had previously 
worked in a factory manufacturing electrical wires but currently works as an admin-
istrative assistant in an offi ce environment. She has a 12 pack-year smoking history 
and quit 10 years ago. She was initially diagnosed with sarcoidosis 7 years earlier 
when she presented with a nonproductive cough, dyspnea, and bilateral eye redness. 
Chest imaging at the time of her initial presentation revealed hilar lymphadenopathy 
with bilateral micronodular infi ltrates with a bronchovascular and subpleural pre-
dominance. She underwent bronchoscopy with transbronchial biopsy that demon-
strated non-caseating granulomas without evidence of acid-fast bacilli or fungal 
organisms. She was also noted to have evidence of uveitis on dedicated eye exam. 
Her pulmonary function testing at that time revealed a mixed mild obstructive and 
restrictive defi cit with a corresponding mild decrease in the carbon monoxide dif-
fusing capacity (DLCO) (Table  9.1 ). She was treated with prednisone 20 mg daily 
for approximately 3 months with improvement in her symptoms after which she 
was tapered off of prednisone over the next 3 months. She reported no symptoms 
and had normal pulmonary function testing at a 6 month follow-up visit.

   During the following year, she moved to a new state for employment reasons and 
did not seek follow-up for sarcoidosis for the next 5 years. Then, a year ago, she 
moved back to the area and was referred back to the pulmonary clinic after present-
ing to the emergency department with progressive dyspnea and fatigue. At her fi rst 
visit, she complained of nonproductive cough and exertional dyspnea that is roughly 
equivalent to New York Heart Association (NYHA) class II symptoms. Her exami-
nation was notable for an oxygen saturation of 93 %, no adventitious breath sounds, 
and trace lower extremity edema. Pulmonary function testing revealed a moderate 
restrictive defi cit with a mild concomitant obstructive defi cit with a severely reduced 
DLCO (Table  9.1 ). A 6-min walk test (6MWT) demonstrated exertional desatura-
tion to 87 % and mild exercise limitation. During her recent emergency room 

   Table 9.1    Pulmonary 
function testing at the time 
of initial diagnosis and at 
initial visit when patient 
re-established care  

 7 Years ago  Return to care 

 FVC (L)  2.44 (83 %)  1.86 (59 %) 
 FEV1 (L)  1.62 (70 %)  1.24 (54 %) 
 FEV1/FVC  66 %  66 % 
 TLC (L)  4.00 (69 %)  3.31 (57 %) 
 DLCO (mL/mmHg/min)  15.8 (65 %)  7.6 (30 %) 

  (Percent predicted),  FVC  forced vital capacity,  FEV1  
forced expiratory volume in 1 s,  TLC  total lung capacity, 
 DLCO  carbon monoxide diffusing capacity  
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evaluation, she underwent a chest computed tomography (CT) angiogram with a 
representative cut shown in Fig.  9.1 . Home exertional and nocturnal oxygen was 
arranged and she was placed back on prednisone 20 mg daily.

   An echocardiogram revealed a normal appearing left ventricle with an ejection 
fraction of 74 %. The right ventricle and atrium were normal in size; however, the 
right ventricular systolic pressure was estimated from the tricuspid regurgitant jet to 
be 72 mmHg. She was subsequently scheduled for a right heart catheterization 
which revealed the following data: right atrial pressure 8 mmHg, pulmonary artery 
pressure 68/33 (46) mmHg, pulmonary capillary wedge pressure 14 mmHg, and 
cardiac index 2.78 L/min/m 2  (thermodilution). Inhalation of nitric oxide 40 ppm 
decreased her pulmonary artery pressures to 50/24 (35) mmHg, while her cardiac 
index remained stable at 2.81 L/min/m 2 . She was prescribed sildenafi l 20 mg three 
times per day as well as Lasix 10 mg daily. As she had normal appearing heart 
chambers at this time, anticoagulation was not prescribed. A sleep study, ventila-
tion/perfusion scan, and autoimmune serology panel were all performed and are all 
found to be within normal limits. She was seen in the offi ce 2 months later and 
reports signifi cantly improved fatigue. Her oxygenation saturation nadir was 91 % 
on room air during her 6MWT and she walked 85 m longer than previous testing. 
Over the course of the next several months, her prednisone is tapered down to 5 mg 
daily with stable spirometry and 6MWT.  

  Fig. 9.1    Soft tissue window of the chest CT angiogram performed at the time of presentation to the 
emergency department. No pulmonary embolism is identifi ed. There is enlargement of the main 
pulmonary artery, the right and left pulmonary artery branches, and the left lower lobar branch       
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    Discussion 

    Epidemiology of Pulmonary Hypertension in Sarcoidosis 

 Although sarcoidosis was likely fi rst described in 1877 by Sir Jonathan Hutchinson 
[ 1 ], its association with pulmonary hypertension was not published until some 74 
years later when Austrian and colleagues described two patients with pulmonary 
sarcoidosis and elevated pulmonary artery pressures [ 2 ]. Since this important obser-
vation was made, much has been uncovered about the association between sarcoid-
osis and pulmonary hypertension; however, there is clearly much that is still 
incompletely understood. The true prevalence of sarcoidosis-associated pulmonary 
hypertension (SAPH) is unknown. Published reports vary widely and are largely 
dependent upon the subject selection criteria. In a Japanese study which screened 212 
sarcoidosis patients without other inclusion criteria, 5.7 % had echocardiographic 
evidence of SAPH [ 3 ]. Another study determined that in patients with sarcoidosis 
and a clinical indication for echocardiography, the prevalence of SAPH was as high 
as 51 % [ 4 ]. Furthermore, an analysis of the United Network for Organ Sharing 
(UNOS) database revealed that in patients with sarcoidosis listed for lung transplan-
tation who had undergone right heart catheterization, the prevalence of SAPH was as 
high as 74 % [ 5 ]. Clearly, the potential for selection bias in these three studies infl u-
ences the reported prevalence rates. In reality, the prevalence of SAPH appears to 
increase with increasing radiographic stage and decreasing lung function [ 3 ,  4 ] but 
occasionally can be found in the absence of signifi cant parenchymal compromise [ 6 ].  

    Mechanisms of Sarcoidosis-Associated Pulmonary Hypertension 

 The etiologies of pulmonary hypertension have historically been divided into differ-
ent functional groups in a classifi cation scheme endorsed by the World Health 
Organization (WHO). This scheme was most recently updated in 2008 at the 4th 
World Symposium on Pulmonary Hypertension [ 7 ] and divides the etiologies of pul-
monary hypertension into fi ve broad groups: Group 1, Arterial causes of pulmonary 
hypertension (PH); Group 2, Venous causes of PH; Group 3, PH secondary to hypox-
emia; Group 4, Chronic thromboembolic PH; and Group 5, Multifactorial causes of 
PH. Sarcoidosis-associated PH continues to be included in Group 5 as there are a 
variety of ways in which the disease can cause pulmonary pressure elevations. 

 While sarcoid granulomata are most commonly found in the pulmonary lym-
phatics, granulomatous infl ammation has been visualized directly in the walls of 
pulmonary arterioles and venules. This is likely facilitated by the proximity of the 
lymphatics to the bronchovascular bundle in the lung. The resulting vascular infl am-
mation can lead to an occlusive vasculopathy of both the arteriolar and venular 
systems [ 8 ]. If the venous system is signifi cantly compromised, a pulmonary veno-
occlusive disease (PVOD)-like syndrome can occur [ 6 ]. Alternatively, the correla-
tion of SAPH and progressive parenchymal sarcoid disease [ 3 ,  4 ] suggests that 
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destruction of vascular beds by fi brosis may also contribute to the pathogenesis of 
PH in this population. Hepatic sarcoidosis with resultant cirrhosis and portopulmo-
nary hypertension has also been described [ 9 ]. As these examples suggest, the vari-
ous etiologies of SAPH can bear some resemblance to the WHO Group 1. 

 Myocardial involvement can occur in sarcoidosis and when it does, can lead to 
both systolic and diastolic dysfunction of the left ventricle. If severe enough, patients 
can develop SAPH secondary to pulmonary venous hypertension in a manner simi-
lar to the WHO Group 2. An echocardiogram and/or right heart catheterization will 
help to differentiate this etiology by assessing left ventricular function and fi lling 
pressures. Hypoxemia related to parenchymal fi brosis in advanced sarcoidosis can 
result in hypoxemic vasoconstriction and subsequent vascular remodeling. Similarly, 
the high prevalence rate of obstructive sleep apnea (OSA) in sarcoidosis [ 10 ] may 
further contribute to the relationship between PH and sarcoidosis through repetitive 
episodes of hypoxemia (akin to WHO Group 3). Finally, a more unique etiology of 
PH in sarcoidosis has been described in which large, central pulmonary vessels have 
been stenosed by lymphadenopathy [ 11 ,  12 ] or mediastinal fi brosis [ 13 ,  14 ].  

    Effects of Pulmonary Hypertension on Sarcoidosis Outcomes 

 Pulmonary hypertension is known to worsen clinical outcomes when it complicates 
advanced lung diseases such as idiopathic pulmonary fi brosis (IPF) and chronic 
obstructive pulmonary disease (COPD) [ 15 – 18 ]. Similarly, the presence of SAPH 
has been shown to increase the risk of mortality in patients with advanced sarcoid-
osis who are listed for lung transplant [ 19 – 21 ]. In fact, Baughman and colleagues 
found that patients with SAPH had a >10-fold mortality risk increase compared to 
patients without SAPH. In a separate study, right-sided cardiac dysfunction, as 
defi ned by a right atrial pressure > 15 mmHg, was the best predictor of death while 
awaiting transplant in patients with advanced sarcoidosis [ 21 ]. In addition to the 
effect on mortality, the presence of SAPH has also been associated with reduced 
functional status, inability to work, and need for supplemental oxygen [ 5 ].  

    Diagnosis of Sarcoidosis-Associated Pulmonary Hypertension 

 One of the most challenging aspects of managing a patient with SAPH can be mak-
ing the diagnosis. The most common presenting complaint is dyspnea which is 
often attributed to the underlying sarcoidosis. Certain clinical, functional, or radio-
graphic characteristics may help to identify patients with concomitant PH and, 
therefore, should be identifi ed when possible. 

 As with any patient with PH, the physical exam can raise suspicion for SAPH. 
The presence of resting or exertional hypoxemia could be an important clue to the 
presence of PH. Indeed, one study reported that if a sarcoidosis patient desaturates 
to below 90 % during a 6MWT, he or she is 12 times more likely to have SAPH than 
somebody without desaturation [ 22 ]. Likewise classic clinical exam fi ndings 
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consistent with PH such as an accentuated P2 or peripheral edema could represent 
important clues but may not be specifi c to SAPH. Pulmonary function testing may 
be another way to quickly screen for the presence of SAPH. While there is no good 
data to suggest that spirometry or lung volumes accurately predict the presence or 
absence of PH in sarcoidosis patients, a signifi cantly reduced DLCO has some pre-
dictive ability for SAPH. Bourbannais and Samavati demonstrated that sarcoidosis 
patients with a DLCO < 60 % predicted had a >7-fold increase in the risk of having 
coexisting PH [ 22 ]. 

 Most patients with sarcoidosis undergo chest imaging. While chest X-ray is still 
perhaps the most common modality used, its ability to detect signs of pulmonary 
hypertension may be limited in sarcoidosis due to the common fi nding of hilar ade-
nopathy which can obscure the evaluation of the proximal pulmonary arteries. In 
today’s practice, however, more and more patients with sarcoidosis are receiving 
CT scans of the chest. As it is well validated that the size of the diameter of the 
pulmonary artery (PA) as well as the ratio of the PA diameter to the aortic diameter 
are sensitive predictors for the presence of PH [ 23 ], chest CT scans can also be use-
ful tools for screening for SAPH. 

 In those patients in whom there is a reasonable suspicion for SAPH, a Doppler 
transthoracic echocardiogram (TTE) is the least invasive and most appropriate next 
step in the evaluation. While the possibility of both over and underestimation of 
pulmonary arterial pressures by TTE is well described in advanced lung disease 
[ 24 ], this modality is often very useful in ruling out signifi cant PH and can also be 
used to identify other cardiac causes of dyspnea. In patients who have echocardio-
graphic evidence of PH, a right heart catheterization is appropriate to both confi rm 
the diagnosis as well as to assess for left heart dysfunction and pulmonary vasore-
activity. As there is a known risk of pulmonary venous obliteration secondary to 
granulomatous infl ammation in SAPH, patients should be monitored carefully for 
clinical deterioration during vasodilator trials.  

    Treatment of Sarcoidosis-Associated Pulmonary Hypertension 

 The appropriate treatment strategy for SAPH remains controversial largely because of 
a lack of reliable data. Perhaps the only treatment that would be uniformly recom-
mended for this condition would be the use of supplemental oxygen to maintain exer-
tional and resting oxygen saturations above 90 % to ameliorate any contribution from 
hypoxic pulmonary vasoconstriction. Additionally, any secondary contributors such as 
left-sided ventricular or valvular dysfunction should also be managed with appropriate 
therapies. There is no clear consensus as to which pulmonary vasodilators provide 
optimal benefi t for patients with SAPH because there have been insuffi cient random-
ized controlled trials to date. Much of the existing literature includes case series or 
small randomized trials of endothelin receptor antagonists, phosphodiesterase inhibi-
tors, and prostanoids. These data are reviewed elsewhere in this text in detail. There 
does not appear to be a consistent role for the use of steroids to treat SAPH unless it is 
clearly related to extrinsic compression of proximal arteries by lymphadenopathy.   
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    Summary 

 Sarcoidosis can be frequently complicated by pulmonary hypertension, particularly 
in advanced disease, and its presence portends higher morbidity and mortality. 
Clinicians should maintain a high index of suspicion for SAPH in patients with 
disproportionate dyspnea, signs of right heart failure, or signs of pulmonary vascu-
lar disease by CT or DLCO. Several different mechanisms for the development of 
SAPH have been described and because treatment strategies may differ based on 
etiology, these mechanisms should be identifi ed in each patient when possible. 
Pulmonary vasodilators appear to be a safe option in most patients with SAPH, 
however, effi cacy and effectiveness data is still lacking at this time.   

    The Etiology of Sarcoidosis 

    Case Presentation 

 A 49-year-old female was referred to our clinic for evaluation of incidentally found 
hilar, mediastinal, and retroperitoneal lymphadenopathy. Five years earlier she was 
diagnosed with invasive ductal carcinoma of her left breast and underwent bilateral 
mastectomy with four cycles of adjuvant chemotherapy with cyclophosphamide and 
docetaxel. She subsequently underwent breast reconstruction using silicone 
implants. One year later, she noted swelling of her left breast and she was found to 
have a ruptured left implant, which was subsequently replaced. Four years after the 
discovery of her implant rupture, she noticed intermittent arthralgias and myalgias. 
Around this time she developed left lower quadrant abdominal pain which was clini-
cally suspicious for diverticulitis. An abdominal computed tomography was per-
formed, which not only confi rmed sigmoid diverticulitis but also revealed 
retroperitoneal lymphadenopathy and a 4-mm round nodule in the lower lobe of the 
left lung. She was treated with antibiotics with improvement in her abdominal pain. 
Given her history of breast cancer, a whole body positron-emission computed 
tomography was performed to better evaluate the incidentally found nodule and 
adenopathy. This demonstrated hypermetabolic hilar, mediastinal, and retroperito-
neal lymphadenopathy (Fig.  9.2 ). Additionally, there was metabolic activity sur-
rounding the posteromedial aspect of the right breast implant as well as a right 
peri-implant fl uid collection suspicious for rupture. The new left breast implant did 
not show metabolic activity surrounding the capsule but demonstrated fi ndings con-
sistent with prior implant rupture. She was referred to a thoracic surgeon at another 
institution who performed mediastinoscopy with paratracheal lymph node resection 
(Fig.  9.3 ) as well as right breast capsule biopsies (Fig.  9.4 ) which all revealed non-
caseating granulomas. Cultures and staining were negative for mycobacterial or fun-
gal microorganisms. No silica particles were seen on her biopsies. She was referred 
to our institution for further evaluation and management of presumed sarcoidosis.
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  Fig. 9.2    Whole body positron-emission computed tomography showing hypermetabolic medias-
tinal, hilar, and subcarinal lymphadenopathy       

  Fig. 9.3    Mediastinal lymph node biopsy demonstrating multiple non-caseating granulomas with 
giant cell formation (H & E, 100 × 2)       
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     At her initial clinic visit, her arthralgias and myalgias had completely resolved. 
Her joints and the rest of her physical exam were normal. Her spirometry showed a 
forced expiratory volume in 1 s over forced vital capacity ratio (FEV1/FVC) of 
0.85. Her FVC was 3.09 L (94 % of predicted) and her FEV1 was 2.62 L (100 % of 
predicted). Total lung volume obtained via nitrogen washout technique was 3.82 L 
(83 % of predicted). Her carbon monoxide diffusion capacity was 19.6 mL/mmHg/
min (80 % of predicted). Her complete blood count, blood urea nitrogen, serum 
creatinine, calcium, albumin, liver function tests, and alkaline phosphatase were 
normal. Since she did not have any symptoms, systemic therapy was deferred in 
favor of further monitoring.  

    Discussion 

    A Historical Perspective on the Etiology of Sarcoidosis 

 Since the fi rst accounts of sarcoidosis, there have been numerous attempts to dis-
cover its underlying etiology. Along the way, many different theories have been put 
forth although, to date, the exact etiology remains elusive. In January 1869, Dr. 
Jonathan Hutchinson, a British “Medical Renaissance Man” working at the 
Blackfriars Hospital for Skin Diseases in London, described the fi rst case of what is 
thought to have been sarcoidosis. A 58-year-old coal-wharf worker presented with 
purple, symmetrical skin plaques on the legs and hands that had developed over the 
past 2 years. Dr. Hutchinson attributed the skin lesions to the patient’s underlying 

  Fig. 9.4    Breast capsule biopsy showing multiple granulomas surrounded by fi brous tissue 
(H & E, 100 × 1)       
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gout [ 1 ]. That same year, however, while visiting a Norwegian university, he was 
shown drawings of a patient with similar skin manifestations who did not have gout 
raising the question of an alternative diagnosis [ 25 ]. 

 In 1889, the French dermatologist Ernest Besnier described a patient with viola-
ceous skin lesions of the nose, ears, and fi ngers, coining the term “lupus pernio” 
[ 26 ] suggesting a belief that this disorder was related to lupus erythematosus. Eight 
years later, Caesar Boeck, a Norwegian physician, became the fi rst person to 
describe the histology of sarcoidosis. He coined the term “sarkoid” in 1897 after 
describing the case of a patient with multiple benign sarcoma-like lesions of the 
skin with well-defi ned foci of epithelioid cells with giant cells [ 27 ]. While he 
acknowledged that the lesions were not malignant, Dr. Boeck’s description sug-
gested a belief that this disorder was neoplastic in origin. After the turn of the twen-
tieth century, the Danish ophthalmologist Christian Heerfordt described uveitis, 
parotid gland hypertrophy, and cranial nerve palsies as one condition that he called 
“febris uveoparotidea subchronica” [ 28 ]. He attributed this syndrome to mumps, 
and another 28 years passed before it was eventually established that febris uveopar-
otidea subchronica was actually a manifestation of sarcoidosis [ 29 ,  30 ]. 

 After it had been demonstrated that sarcoidosis encompassed a broad range of clini-
cal presentations including involvement of many different organ systems, the Swedish 
dermatologist Jorgen Schaumann provided a common pathologic basis for diverse 
clinical aspects of the disease and called it “lymphogranulomatosis benigna.” He 
hypothesized that the condition was related to a benign lymphatic tissue proliferation 
triggered by a nonacid-fast variant of tubercle bacillus or an attenuated form of bovine 
tubercle bacillus [ 31 ]. Lucien-Marie Paultrier, a French dermatologist, also believed 
that sarcoidosis was caused by “atypical cutaneous tuberculosis” early in his career; 
however, later changed his views and, instead, attributed the disease to “reticuloendo-
theliosis” [ 25 ]. Sven Löfgren was another Swedish dermatologist who linked erythema 
nodosum and bilateral hilar adenopathy as a manifestation of sarcoidosis through tis-
sue biopsies. Löfgren favored the notion that sarcoidosis had a viral etiology [ 32 ,  33 ]. 

 Interestingly, despite the signifi cant advances in diagnostic technology that have 
occurred since the time of the early descriptions of sarcoidosis, the causative mech-
anisms of the disease remain unclear. Investigative efforts over the last several 
decades have focused on identifying both organic and inorganic environmental 
exposures, including occupational exposures, as well as exploring genetic suscepti-
bility. We will briefl y summarize some of the seminal studies in this fi eld below.  

    Environmental Exposures 

 For many years, the search for a cause of sarcoidosis has been focused on environmen-
tal exposures. As the most common presentations of sarcoidosis typically involve the 
respiratory tract, skin, and eyes, an airborne exposure has long been suspected as the 
most likely cause. Previous studies have utilized case–control, epidemiologic method-
ology as well as translational methodologies including the analysis of serum or tissue 
biopsies with molecular diagnostics such as polymerase chain reaction (PCR). The 
result of this work has been the identifi cation of several possible associations between 
environmental antigens and sarcoidosis but no clear proof of causation.  
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    Organic Antigen Exposures 

 As previously mentioned, since the early days of the study of sarcoidosis, scientists 
recognized the clinical and pathologic similarity between sarcoidosis and mycobacte-
rial disease including tuberculosis. Naturally, this led many to believe that sarcoidosis 
was, in fact, a manifestation of mycobacterial infection and resulted in numerous 
studies attempting to establish this connection. In the 1950s and 1960s Riley and 
Scadding each described the presence of  Mycobacterium tuberculosis  bacilli inside of 
granulomas that were felt to be caused by sarcoidosis [ 34 ,  35 ]. Some suggested that 
sarcoidosis with its non-caseating granulomas was a “transition” point before devel-
opment of tuberculosis with caseating granulomas [ 35 ]. What is not clear from Riley 
and Scadding’s reports, of course, is whether the subjects of their studies truly had 
sarcoidosis or whether they had tuberculosis with non-caseating granulomas seen on 
biopsy. Nonetheless, the numerous reports in the literature describing sarcoidosis 
occurring either after [ 36 – 41 ] or concurrently with tuberculosis [ 42 – 45 ] or with non-
tuberculous mycobacterial infections [ 46 – 49 ] raise the question of whether sarcoid-
osis could develop in response to infection with this family of organisms. Furthermore, 
studies using PCR have detected the presence of  M. tuberculosis  and non-tuberculous 
mycobacterial DNA in sarcoid granulomas [ 50 – 54 ], while antibodies against  M. 
tuberculosis  heat shock protein 70 and  M. tuberculosis  catalase-peroxidase (mKatG) 
have been identifi ed in the serum of patients with sarcoidosis [ 55 ,  56 ]. Evidence that 
immune cells from both the blood [ 57 ,  58 ] and the bronchoalveolar lavage (BAL) [ 57 ] 
of patients with sarcoidosis exhibit heightened responses to mycobacterial antigens 
further supports an association between sarcoidosis and mycobacterial infections. 

 Another organism which has garnered recent attention in the sarcoidosis arena is 
 Propionibacterium acnes . In the 1980s Abe and colleagues described an increased 
prevalence of  P. acnes  growth in the lung and lymph node tissues of sarcoidosis 
patients as compared to controls. Subsequent studies have used PCR on sarcoidosis 
lung tissue to support this fi nding [ 59 ] as well as to demonstrate that  P. acnes  DNA 
levels are higher in BAL fl uid from patients with sarcoidosis as compared to con-
trols [ 60 ]. Alternatively, recent data suggest that  P. acnes  may be more common in 
normal lung than previously estimated, calling into question whether its presence is 
actually specifi c to sarcoidosis or whether it is a commensal organism in all humans 
[ 61 ]. Recent efforts in this direction have begun to focus on heterogeneities of the 
innate immune system and how such heterogeneities could result in  P. acnes  colo-
nization leading to sarcoidosis [ 62 ]. 

 In addition to bacterial and mycobacterial organisms, mold has been recognized 
as possible causative agent in sarcoidosis. The ACCESS study was a large case–
control study with the objective of identifying causative exposures of sarcoidosis. 
The study demonstrated statistically signifi cant associations between sarcoidosis 
and work environments with mold/mildew exposure as well as work in areas with 
musty odors [ 63 ]. In another study, a high prevalence of new-onset sarcoidosis was 
seen among the occupants of an offi ce building with water damage [ 64 ]. 
Additionally, in a separate, smaller case–control study [ 65 ], measurement of 
 N -acetylhexosaminidase, a marker for concentration of fungal cell elements, was 
performed in the bedrooms of patients with clinically established sarcoidosis as 
well as controls. Subjects with active and recurrent sarcoidosis had signifi cantly 
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higher levels of fungal elements. A small, prospective study compared treatment of 
sarcoidosis patients with antifungals versus corticosteroids versus combination 
therapy. Using the clinical endpoints of serum angiotensin-converting enzyme 
level and X-ray scores, the authors argued that patients treated with antifungal 
therapy had better response rates [ 66 ]. More rigorous study is necessary, however, 
before this approach can be widely recommended. 

 In addition to microbial associations, prior studies have also suggested associa-
tions between sarcoidosis and nonmicrobial organic antigens. Classic studies by 
Buck et al. and Terris et al. revealed that smoke from wood burning stoves is associ-
ated with sarcoidosis [ 67 ,  68 ]. Exposure to tree pollen [ 69 ,  70 ] and soil [ 71 ,  72 ] has 
also been described as having associations with this disease. Additionally, the 
ACCESS study demonstrated an association between sarcoidosis and agricultural 
employment as well as occupational insecticide exposure [ 63 ]. Conceptually, these 
nonmicrobial organic exposures would likely serve as antigens which trigger granu-
lomatous infl ammation in the absence of true infection.  

    Inorganic Antigen Exposures 

 Just as nonmicrobial organic material can serve as antigens, it is equally possible that 
inorganic material can play a similar role. Indeed, multiple inorganic exposures have 
been associated with sarcoid granuloma formation, although the majority have been 
described as case reports or small case series. Several of these are described below 
with a particular emphasis on silicone and its possible association with sarcoidosis. 

 Silicone is a synthetic polymer with the favorable property of being “biodurable,” 
which led to its use in a wide range of medical devices. For decades silicone could be 
found in catheters, drains, joint prostheses, needles, syringes, and extracorporeal cir-
cuits and is still used in some of these devices today. Perhaps the most publically known 
use of silicone in medical technology has been its use in breast implants. Silicone breast 
implants came under fi re in the early 1990s after a series of ruptures generated concern 
over possible health consequences. Ultimately, the US Food and Drug Administration 
allowed their continued use in the USA. Since 1994 there have been at least 9 reports 
of a sarcoidosis-like syndrome occurring after exposure to medical device-related sili-
cone (Table  9.2 ). Five of the nine were associated with breast implants. 

 Teuber and colleagues described the fi rst documented case of sarcoidosis related 
to silicone gel breast implants [ 73 ]. The patient’s debilitating multisystem sarcoid-
osis improved following removal of the implants. Similar to the case described in 
this chapter, capsular breast tissue showed foreign-body granulomas in Teuber’s 
patient. Yoshida and colleagues described a case of neurosarcoidosis that developed 
22 years after silicone breast implantation [ 74 ]. The implants were not removed but 
the patient’s symptoms improved after steroid administration. Breast biopsy of the 
patient also showed granulomas. The development of Löfgren’s syndrome after sili-
cone breast implantation was reported in one case [ 75 ], while Miyashita et al. 
described a case of pulmonary sarcoidosis that developed 7 months after silicone 
breast implant rupture [ 76 ]. Two cases of cutaneous sarcoidosis due to silicone 
injections have also been reported [ 77 ,  78 ]. Silica was detected within the 
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granulomas via polarized light in these cases. Similarly, a case of cutaneous granu-
lomas occurred after injection of an industrial lubricating oil containing silicone, 
however, the authors argue that the patient did not have sarcoidosis [ 79 ]. Two cases 
of systemic sarcoidosis associated with cutaneous facial fi ller injections, one of 
which might have been with silicone, were reported by Descamps and colleagues. It 
is worth noting, however, that both patients were being treated with interferon for 
chronic hepatitis C [ 80 ]. Stroh et al. reported two cases of pulmonary sarcoidosis 
after implantation of silicone gastric banding [ 81 ]. 

 Overall, the detection of silica or silicone-derived particles by polarized light 
within biopsies in the cases described above is inconsistent. Similarly, Kim and col-
leagues found polarizable foreign bodies in 12 of 50 patients (24 %) with cutaneous 
sarcoidosis, all of which had at least one other granulomatous systemic lesion [ 82 ]. 
As such, it is diffi cult to say defi nitively that medical silicone is truly a causative 
agent in sarcoidosis. The accumulation of more evidence will be required to make 
this determination in the future. 

 The World Trade Center (WTC) catastrophe has resulted in the report of several 
cases of sarcoid-like granulomatous lung disease. Izbicki and colleagues reported 
26 cases among fi refi ghters with new-onset sarcoidosis, six of which had extratho-
racic disease [ 83 ]. Thirteen patients were identifi ed during the fi rst year after 9/11 
and the rest during the next 4 years following the disaster. A separate study also 
identifi ed 38 cases among WTC non-fi refi ghter disaster responders [ 84 ]. Bowers 
and colleagues reported two cases, both of whom had direct exposure to ground 
zero during rescue operations [ 85 ]. In a nested case–control study, Jordan and et al. 
identifi ed a total of 43 sarcoidosis cases after the WTC catastrophe. They concluded 
that working on the WTC debris pile was associated with an elevated risk (Odds 
Ratio = 9.1) of developing sarcoidosis [ 86 ]. 

 Other inorganic environmental exposures associated with sarcoidosis or 
sarcoidosis- like syndromes have been described in the literature. For example, it is 
known that several different metals can promote granuloma formation [ 87 ]. 
Furthermore, in a study conducted in Switzerland, Deubelbeiss and colleagues found 
an increased prevalence of granulomatous disease in workers in the metal industry 
[ 88 ]. Individual case reports have also described sarcoidosis after exposure to inor-
ganic dusts related to dental surgery and tunnel excavation [ 89 ,  90 ]. Recently, Song 
and colleagues [ 91 ] reported a case series of seven factory workers exposed to silica 
nanoparticles that developed respiratory symptoms. Two of the cases were fatal and 
biopsies performed showed pleural-based foreign-body granulomas. Nanoparticles 
to which the patients had been exposed were recovered from the biopsies.  

   The Role of Genetics 

 While there is substantial evidence suggesting that environmental exposures con-
tribute to the development of sarcoidosis, a pertinent question becomes: “Why 
doesn’t everyone with a particular exposure develop sarcoid?” The most likely 
answer is that genetic heterogeneity affects a person’s susceptibility to the disease. 
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This hypothesis is supported by a study which demonstrated an increased risk of 
developing sarcoidosis in siblings of patients with the disease [ 92 ] as well as the 
apparent higher concordance rate in monozygotic twins compared to dizygotic 
twins [ 93 ]. 

 To date, numerous candidate genes have been associated with sarcoidosis. Early 
work identifi ed an association between sarcoidosis and class I HLA-B8 antigens 
[ 94 ], whereas subsequent studies discovered that specifi c regions of HLA-DQ and 
HLA-DR are linked to developing the disease [ 95 ]. Genome-wide association scans 
(GWAS) have identifi ed regions on chromosomes 3p and 6p in white Europeans 
[ 96 ] and regions on 5p and 5q on black Americans that are related to sarcoidosis 
[ 97 ]. Validation studies have confi rmed that genes in each of these regions infl uence 
susceptibility to sarcoidosis [ 98 – 100 ]. More recently, polymorphisms in matrix 
metalloproteinases and their inhibitors have also been associated with development 
of sarcoidosis [ 101 ]. 

 Interestingly, the literature also suggests the existence of specifi c genes which 
modify the course of the disease. Specifi cally, Rybicki et al. described an associa-
tion between a gene on chromosome 1p and radiographic resolution of disease as 
well as a gene on 18q associated with cardiac or renal involvement [ 102 ]. 
Veltkamp et al. analyzed the different haplotypes of the Toll-like receptor (TLR) 
gene cluster (TLR10-TLR1-TLR6) and found that distinct haplotypes were asso-
ciated with chronic sarcoidosis and that these haplotypes differed from those 
associated with self-remitting disease [ 103 ]. Similarly, Pabst and colleagues 
reported polymorphisms in the TLR9 promoter region that are associated with 
chronic disease [ 104 ]. 

 At this time, we still do not possess a complete understanding of the role of 
genetics in the development and maintenance of sarcoidosis. Future work will likely 
focus on further exploration of known candidate genes in the hope of identifying 
both prognostic biomarkers as well as therapeutic targets. An analysis of whether 
specifi c genetic polymorphisms preferentially predispose people to reacting to some 
exposures but not others would also help to clarify the heterogeneous nature of this 
disease.   

    Summary 

 Ultimately, the search for a single cause of sarcoidosis has yet to yield a satisfying, 
single answer. This has led many to propose a multifactorial etiology including both 
an environmental exposure and a “second hit,” likely due to genetic susceptibility. 
Just as multiple infectious agents can cause granulomatous infl ammation (myco-
bacterium species, fungal organisms, etc.); it is equally likely that multiple environ-
mental exposures can cause the clinical phenotype of sarcoidosis. In fact, the 
possibility of multiple environmental exposures may help to explain the variable 
clinical phenotypes that have been described in the literature. Likewise, it is proba-
ble that more than one genetic predisposition exists. Distinct evolutionary pressures 
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would suggest that a genetic predisposition in a Northern European sarcoidosis 
population may differ from a genetic predisposition in African Americans in the 
Southeastern USA. Furthermore, it is possible that certain genotypes only predis-
pose people to developing sarcoidosis from specifi c environmental exposures. This 
may explain why case–control studies have failed to replicate certain promising 
exposures that were identifi ed in other populations. Hopefully, future studies will 
help us to better understand and treat this fascinating disease.   

    Fibrocystic Sarcoidosis 

    Case Presentation 

 Mrs. B is a 49-year-old African-American female with a history of pulmonary sar-
coidosis who was referred to the clinic by an emergency room physician after she 
presented the previous week with progressively worsening cough productive of 
brown sputum as well as right-sided pleuritic chest pain. In addition to sarcoidosis, 
she has been diagnosed with hyperlipidemia in the past. She has worked in house-
keeping in the hotel industry for most of her adult life and she denies any known 
occupational or hobby-related inhalational exposures. She can recall no personal 
exposures to tuberculosis, nor does she admit to any risk factors for tuberculosis. 
She was diagnosed with sarcoidosis 15 years earlier when she was seen by a physi-
cian for chronic cough and dyspnea. She reports that a chest X-ray at that time was 
abnormal, stating “They thought I had cancer.” She subsequently underwent a 
bronchoscopy with transbronchial biopsy which revealed non-caseating granulo-
matous infl ammation without evidence of acid-fast bacilli or fungi. She was treated 
with prednisone for “a few years” but ultimately was lost to follow up about 10 
years ago and stopped all therapy. In the interim, she again developed a chronic 
cough and mild dyspnea both of which have become progressively more severe 
over the last 2 years. She has noted that over the last 18 months, the cough has gone 
from being nonproductive to productive of dark brown sputum. Ultimately, she 
developed right-sided pleuritic chest pain in addition to these symptoms which 
prompted her to present to the emergency room. An electrocardiogram and a CT 
angiogram were both performed and she was discharged with an appointment in the 
pulmonary clinic. 

 In the offi ce, she was noted to be afebrile with a normal respiratory pattern and 
no increased work of breathing. Her respiratory rate was 14 and her oxygen satura-
tion was 99 % on room air. Her ocular and skin exams were normal. Her chest exam 
was notable for amphoric breath sounds in the upper lung zones bilaterally. Her 
pulmonary function testing revealed reduction in her FVC (74 % predicted), FEV1 
(70 % predicted), TLC (57 % predicted), and DLCO (44 % predicted) with a normal 
FEV1/FVC ratio (0.76) suggesting a restrictive defi cit with an accompanying gas 
exchange abnormality. Her CT angiogram (Fig.  9.5 ) revealed no evidence of 
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pulmonary embolism but does reveal bilateral upper lobe predominant bronchiecta-
sis with adjacent fi brosis and volume loss. Additionally, a 7.6 cm × 6.0 cm right 
upper lobe bulla was seen which is nearly completely fi lled by a solid mass. A 
smaller left upper lobe bulla was also visualized. Mediastinal and hilar adenopathy 
were present. Taken together, the image suggested fi brocystic sarcoidosis compli-
cated by a right upper lobe mycetoma. A trial of prednisone 20 mg was prescribed 
in an attempt to improve any symptoms that may be due to active sarcoid infl amma-
tion. Additionally, she was referred to a thoracic surgeon for consideration of bul-
lectomy/mycetoma resection.

   During the thoracic surgery consultation, she was deemed not to be a surgical 
candidate due to poor pulmonary reserve and deconditioning. One week after this 
consultation, she called the pulmonary clinic reporting hemoptysis. She described 
coughing up “a cup” of bright red blood. She was instructed to come to the emer-
gency room and was subsequently admitted to the intensive care unit for close 
observation. She proceeded to cough up several more tablespoons of blood over-
night but did not experience respiratory decompensation. Treatment options includ-
ing bronchial arterial embolization (BAE) and intracavitary instillation of 
amphotericin B (ICAB) were considered and ultimately ICAB was chosen. The 
patient was taken to interventional radiology where a transcutaneous catheter was 
placed into the right upper lobe bulla. Fifty milligrams of amphotericin B diluted in 
20 cc of 5 % dextrose was then instilled into the cavity daily for 10 days. Her 
hemoptysis resolved by day 3, the catheter was removed without complication after 
10 days, and the patient was discharged to home. Her productive cough has lessened 
in frequency and intensity and her hemoptysis has not recurred to date. There was 

  Fig. 9.5    Chest CT scan demonstrating fi brocystic sarcoidosis with an associated mycetoma. ( a ) 
Transverse cut; ( b ) coronal cut       
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no marked improvement in her dyspnea or PFTs on prednisone and this was tapered 
down to 5 mg over the following 6 months.  

    Discussion 

   Fibrocystic Sarcoidosis 

 In addition to a wide variety of extra-pulmonary manifestations, sarcoidosis can 
also exhibit many different pulmonary presentations. The classic descriptions by 
Scadding introduced a staging system utilizing chest roentgenograms that seemed 
to have prognostic capabilities [ 105 ]. In this system, a stage II was designated if 
there were simultaneous adenopathy and “mottled shadowing” of the parenchyma, 
while “mottled shadowing” in the absence of adenopathy fell into stage III. Stage IV 
was assigned to patients with radiographic evidence of fi brosis. Over time, pub-
lished cases have revealed considerable heterogeneity in the potential parenchymal 
manifestations of sarcoidosis including micronodular, macronodular, reticular, con-
solidation, bronchiectasis, and fi brosis. Of these possibilities, one of the more com-
mon radiographic presentations is fi brocystic sarcoidosis. 

 Fibrocystic sarcoidosis is characterized by the presence peribronchovascular 
fi brosis radiating out from the hila with resultant upper lobe traction, and many 
times cystic, bronchiectasis with bullae formation. The fi brosis often results in an 
upward retraction of the hila and frequently a clumping of bronchiectatic airways is 
seen (Fig.  9.6 ). Histologically, the bullae and cysts seen in fi brocystic sarcoidosis 
are not true cavities; in fact, actual cavitary sarcoidosis is quite rare [ 106 ]. Patients 
with fi brocystic sarcoidosis will commonly have symptoms that seem relatively 
mild and out of proportion to the degree of radiographic abnormality. Similarly, 
despite considerable parenchymal damage, patients with fi brocystic disease com-
monly have little defi cit in resting oxygenation unless they have sarcoidosis associ-
ated pulmonary hypertension. This is likely due to the upper lobe predominance of 
this disease which allows for relatively preserved ventilation–perfusion matching in 
the well-perfused lower lobes. Pulmonary function testing often reveals either a 
restrictive or combined restrictive and obstructive defi cit with an associated decrease 
in DLCO. Prognostically, fi brocystic disease indicates progressive disease that sel-
dom remits without therapy [ 107 – 109 ]. Additionally, fi brocystic disease can lead to 
complications that are unique to this particular form of pulmonary sarcoidosis.

      Mycetomas 

 As with all pulmonary disease which causes cavity or bullae formation, fi brocystic 
sarcoidosis predisposes patients to the development of mycetomas. Mycetomas are 
mass-like collections of fungus or bacteria which grow inside abnormal and enlarged 
spaces in the lung. They likely develop from continuous inhalation of ubiquitous 

A.J. Goodwin and C.E. Kummerfeldt



205

environmental microbes which are able to colonize and grow in regions of the lung 
where mucosal immunity is disrupted. While many different species are known to 
cause mycetomas including  Candida ,  Streptomyces , and  Nocardia , the most com-
monly seen species is  Aspergillus . 

 Often, mycetomas are discovered incidentally and generate no symptoms. Other 
times, mycetomas can cause a productive cough with dark, sometimes brown, sputum 
as well as constitutional symptoms including fatigue and weight loss. The most seri-
ous sequela of a mycetoma, however, is hemoptysis which occurs when the mycetoma 
invades the surrounding walls. The hemoptysis can be either persistent or intermittent 
and can range from small volumes (blood-streaked sputum) to massive hemoptysis 
which can be a life-threatening complication requiring urgent intervention. 

 Surgical removal of the affected area is the only defi nitive therapy for a myce-
toma [ 110 ,  111 ]. Unfortunately, patients with mycetomas often have severe under-
lying lung disease which precludes their candidacy for the procedure [ 112 ]. Those 
who do have suffi cient pulmonary reserve to undergo a resection are faced with the 
perioperative challenges of poor lung incision integrity leading to persistent air 
leaks, bleeding, and fungal soilage of the remaining lung during the mycetoma 
removal [ 113 – 116 ]. For the majority of patients who cannot undergo resection, the 
optimal treatment strategy is unclear. Systemic therapy with azole antifungals sel-
dom leads to resolution of mycetomas [ 117 – 119 ]. Similarly, systemic amphotericin 
B does not suffi ciently penetrate mycetomas [ 120 ,  121 ]. As such, many patients 

  Fig. 9.6    Chest CT scan demonstrating bronchiectatic airway clumping in fi brocystic sarcoidosis. 
Right-sided mycetoma incidentally seen       
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with asymptomatic mycetomas or those with productive cough but no hemoptysis 
are often managed with observation alone. However, the development of massive 
hemoptysis usually requires an urgent intervention. In nonsurgical candidates, a 
traditional approach has been to use BAE in order to control bleeding. While BAE 
often successfully controls acute bleeding, further mycetoma growth and revascu-
larization result in high rates of recurrence [ 122 – 125 ]. 

 An alternative approach to treating symptomatic pulmonary mycetomas is the 
instillation of antifungals directly into the cavity or bulla using either a percutane-
ous or a transbronchial route of delivery. To date, this approach has been described 
largely on a case report/series level [ 120 ,  126 – 131 ] but demonstrates promise as a 
potential effective treatment. In addition to improving hemoptysis, this approach 
may also provide the added benefi t of reducing mycetoma size and improving 
recurrence rates in some patients [ 132 ]—however, this has yet to be defi nitively 
proven. At this point, there has been no head to head comparison between BAE and 
ICAB nor is there a consensus regarding the appropriate regimen for intracavitary 
therapy.  

   Pneumothorax 

 In general, pneumothorax is an uncommon complication of sarcoidosis but it is well 
described, particularly in patients with advanced fi brocystic disease [ 133 – 135 ]. The 
etiology of secondary pneumothoraces in fi brocystic sarcoidosis is most likely sec-
ondary to subpleural bleb/bulla rupture [ 135 ]; however, subpleural granulomatous 
cavitation may also contribute [ 34 ,  136 ]. Patients with sarcoidosis and spontaneous 
pneumothoraces present with symptoms similar to other patients with spontaneous 
secondary pneumothoraces (SSP): pleuritic chest pain and acute dyspnea. As with 
all SSPs, the initial approach to the patient with a sarcoid-associated pneumothorax 
includes rapid assessment and stabilization of cardiopulmonary status. If the pneu-
mothorax is small (pleural line <1 cm from chest wall), patients may be observed on 
supplemental oxygen for signs of clinical deterioration. Larger pneumothoraces 
and/or pronounced symptoms will often require tube thoracostomy because of the 
high risk of complications [ 137 ]. 

 Patients with SSP, including sarcoid-associated pneumothorax, are at greater risk 
of developing persistent air leaks as compared to those with primary spontaneous 
pneumothoraces (PSP) [ 138 ]. As such, these patients are frequently considered for 
interventions aimed at closing the leak. As with mycetoma therapy, a video-assisted 
thoracoscopic surgery (VATS) procedure to staple or remove a ruptured bleb and 
simultaneously perform a mechanical or chemical pleurodesis is considered to be 
optimal therapy. However, as previously discussed, many patients with advanced 
fi brocystic sarcoidosis are unable to tolerate thoracic surgery. In these patients, 
chemical pleurodesis or a blood patch [ 139 – 141 ] can be attempted via the existing 
thoracostomy tube. In non-operable patients who fail pleurodesis/blood patching, 
conservative management with supplemental oxygen and Heimlich valves is also 
considered. The emergence of therapeutic endobronchial valves which allow for air 
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to escape bullous lung while simultaneously preventing further inhalation of air into 
these regions may offer less-invasive alternatives for persistent air leak management 
in the non-operable patient [ 142 ,  143 ]; however, their effectiveness and their risk- 
benefi t profi le is not yet fully characterized.   

    Summary 

 Pulmonary sarcoidosis can present with a myriad of patterns ranging from minor 
amounts of micronodular disease to fi brocystic patterns with extensive lung involve-
ment. In addition to carrying a poor prognosis regarding spontaneous remission, the 
presence of fi brocystic disease also carries the potential for unique complications 
including mycetoma formation and spontaneous pneumothorax. Clinicians should 
be attentive to signs or symptoms of these complications when caring for patients 
with pulmonary sarcoidosis. While surgical interventions remain the defi nitive thera-
pies for both of these complications, many patients with advanced sarcoidosis are not 
surgical candidates. Therefore a familiarity with less-invasive therapies is important 
for the clinician.     
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