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In 1975 the 7th International Conference on Sarcoidosis redefined the 
syndrome based on a rapidly increasing body of information (1). The following 
definition was adopted: 11 Sarcoi dos is is a multi -system granulomatous disorder 
of unknown etiology, most commonly affecting young adults and presenting most 
frequently with bilateral hilar lymphadenopathy, pulmonary infiltration, skin 
or eye lesions. The diagnosis is established most securely when clinical and 
radiographic findings are supported by histological evidence of wide spread, 
noncaseating epithelioid-cell granulomas in more than one organ or a positive 
Kveim-Siltzbach skin test. Immunological features are depression of the 
delayed-type hypersensitivity suggesting impaired cell -mediated immunity and 
raised or abnormal immunoglobulins. There may also be hypercalciuria, with or 
without hypercalcemia. Prognosis may correlate with the mode of onset: an 
acute onset with erythema nodosum heralds a self-limiting course and spon
taneous resolution, whereas an insidious onset may be followed by relentless, 
progressive fibrosis. Corticosteroids relieve symptoms and suppress inflamma
tion and granuloma formation 11

• 

As suggested by this very long definition, there are many features of 
sarcoidosis which could be discussed. The purpose of this presentation is to 
review the clinical, radiographic, and laboratory findings suggestive of 
pulmonary sarcoidosis, the biopsy procedures most likely to be diagnostic, the 
natural history of the disease, and the concepts of immunologic imbalance on 
which estimates of disease activity may now be based. 

Although the incidence of sarcoidosis is not known, the best estimates 
are obtained from mass radiographic screening (2). Data on incidence are 
available from various parts of Europe and New Zealand (3, 4) and estimates 
vary from 3.4 cases per 100,000 persons in Czechoslovakia to 64 per 100,000 in 
Sweden. Additional evidence that attack rates differ among ethnic groups 
include an incidence of 200 per 100,000 in Irish women of childbearing years 
and only 39 per 100,000 in young British women (5), with sarcoidosis almost 
unknown among Chinese and Southeast Asian persons (6, 7). In the United 
States sarcoidosis is more prevalent in the southeastern states, among persons 
with a rural background and especially among black persons (8-14) . 

It is clear based on these epidemiologic studies, reports of persons 
followed serially by chest radiography (15) as well as correlation of the 
frequency of the clinical diagnosis compared to mass radiographic screening of 
the same population (16), that most persons with sarcoidosis are asymptomatic 
or have such trivial symptoms that medical aid is not sought. Indeed, in a 
study of the prevalence of sarcoidosis in Sweden the disease was found inci
dentially at autopsy about 10 times more often than diagnosed during life 
(17). From all available evidence it has thus been estimated that 80% of all 
cases run a silent course without clinical detection (18). 
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Table 1 

Frequency of Symptoms In 909 Patients with 
Sarcoidosis in the United States 

Mayock Siltzbach Kataria Total (%) 
L.A. N.Y. 

No. Patients 145 150 311 303 909 (100) 
Asymptomatic 12 30 124 19 205 ( 23) 
Respiratory 52 73 59 174 358 ( 39) 
Erythema Nodosum 4 14 33 23 74 ( 8) 
Other Skin 49 18 19 61 147 ( 16) 
Ocular 38 15 22 56 131 ( 14) 
Other 62 0 54 238 354 ( 39) 

Since sarcoidosis is a systemic disease with the potential to affect 
any organ system, the symptoms that lead to the diagnosis are quite varied. 
It is also clear that the frequency of these signs and symptoms varies among 
ethnic groups in different parts of the world (19). An index of the frequency 
of symptoms as they occur in 909 patients with sarcoidosis in this country is 
presented in Table 1. I have chosen three large series from various parts of 
the United States (2, 20, 21), but have excluded the series reported by Longcope 
(22) since these cases were collected when only the most florid patients were 
recognized. Other series have been omitted due to the method of selection of 
patients (23, 24). The series by Mayock was reported from Philadelphia in 
1963. There are two groups of patients in Siltzbach's report in 1974. One 
hundred and fifty patients were collected in Los Angeles by Sharma, and 311 
were followed in New York by Siltzbach. Kataria's report of 303 patients in 
1982 includes some observed in Ohio and others in South Carolina. 

Approximately a quarter of all patients are asymptomatic. The fraction 
of patients without symptoms varies considerably among the different series, 
likely indicating referral patterns in different geographic areas. The most 
common organ related symptoms are those of the respiratory tract occurring in 
about 40% of patients. These are shortness of breath, non-productive cough, 
nonspecific chest pain and hemoptysis in only about 5% of patients. 

Erythema nodosum is quite common in some European countries (19), but 
occurs in less than 10% of patients in the United States. Erythema nodosum is 
typically an early manifestation and is commonly associated with polyarthralgia, 
bilateral hilar adenopathy and a benign clinical course with spontaneous 
resolution within two years (25). Other skin lesions occur in about 15% of 
patients. A transient macular or maculopapular eruption, frequently associated 
with peripheral lymphadenopathy , may be seen early in the course of disease 
and is also usually associated with a benign course (26). Other skin lesions, 
however, predict more serious disease and frequently are associated with 
progressive pulmonary lesions and granulomas in other organ systems. These 
are lupus pernio of the face, skin plaques on the extremities or trunk, chronic 
scars, and subcutaneous nodules. 
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Ocular involvement occurs in about 15% of patients. Approximately 60% of 
eye disease is subacute or chronic iridocyclitis, and about 35% is some form 
of conjunctivitis (27). Since chronic ocular changes may be completely asympto
matic as well as inapparent on standard physical examination, it is wise to 
prevent irreversible visual impairment by obtaining an opthalomology consulta
tion in all patients. 

Symptoms other than those previously indicated occur in about 40% of 
patients, and the most common are indicated in Table 2. 

Table 2 

Frequency of "Non specific" Signs and Symptoms in 909 
Patients with Sarcoidosis in the United States 

Mayock Siltzbach Kataria Total (%) 
L.A. N.Y. 

No. Patients 145 150 311 303 909 (100) 
Constitutional 62 148 210 ( 47) 
Joints 17 8 29 49 103 ( 11) 
Nervous System 23 3 13 22 61 ( 7) 
Parotid 13 10 25 11 59 ( 6) 
Peripheral Lymph Nodes 88 47 116 37 288 ( 32) 
Hepatomegaly 62 51 113 ( 25) 
Splenomegaly 43 20 57 46 166 ( 18) 

Although there is a wide disparity between series, in many instances 
these "nonspecific" symptoms are constitutional such as fatigue, anorexia, 
weight loss, fever, sweats, and myalgias. 

One of three types of arthritis occurs in approximately 10% of patients 
(21). These are a migratory polyarthritis with erythema nodosum, fever, and 
hilar adenopathy; single or recurrent bouts of mono or polyarticular arthritis, 
without a migratory component; and persistent mono or polyarticular arthritis 
(28) . The first type is associated with a good prognosis with complete remis
sion ! Eventual joint deformity is not uncommon in the latter two types. 

Neurologic manifestations are present in about 5% of patients (29). 
Central nervous system involvement, associated with a poor prognosis, usually 
occurs in the early phase of the disease and most commonly involves the facial 
or optic nerves, probably by means of basal granulomatous menigitis. The 
hypothalamus and pituitary gland are also commonly involved. Peripheral 
nervous system and skeletal muscle involvement are characteristically seen in 
more chronic stages, although the prognosis for these lesions is better than 
CNS disease. 

The parotid glands are involved in about 5% of the patients, and sar
coidosis of the heart is not rare (30) . In addition to these symptoms the 
physical examination may reveal palpable peripheral lymph nodes in 30 to 40% 
of patients, hepatomegaly in 25% of patients and splenomegaly in about 20% of 
patients (2 , 20, 21). 
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Table 3 

Frequency of Chest Radiographic Findings in 764 Patients 
with Sarcoidosis in the United States 

Siltzbach Kataria Total (%) 
L.A. N.y. 

No. Patients 150 311 303 764 (100) 
Stage 0 10 26 24 60 ( 8) 
Stage 1 38 133 115 286 ( 37) 
Stage 2 52 108 99 259 ( 34 ) 
Stage 3 50 44 65 159 ( 21) 

When sarcoidosis is suspected because of some combination of the signs 
and symptoms indicated, a chest radiograph should be obtained.· Table 3 indi
cates the frequency of radiographic findings utilizing the international 
staging of abnormalities. Stage 0, a normal radiograph, is found in less than 
10% of patients. Stage 1 is defined as hilar adenopathy without changes in 
the lung parenchyma. This is the most frequent radiographic finding at the 
time of diagnosis, occurring in 35 to 45% of all patients. The adeno pathy is 
almost always bilateral; unilateral hilar adenopathy or mediastina l adenopathy 
without concurrent hilar adenopathy is found in only 5% of patients (2, 21, 
31-34 ) . Stage 2 indicates the simultaneous presence of hilar adenopathy and 
parenchymal lung infiltrates and occurs in approximately a third of patients 
at time of presentation. A rPticulonodular pattern is the most common parenchymal 
change, although alveolar infiltrates or mixtures of reticulonodular and 
alveolar infiltrates are not uncommon. Occasional patients have clearly defined 
nodular infiltrates without cavitation. It is generally believed that as 
parenchymal infiltrates become evident the hilar adenopathy regresses. Many 
patients with this radiographic progression have been reported, but there are 
also patients who have been followed for protracted intervals with both lesions 
present. Stage 3 is defined as the presence of parenchymal infiltrates with 
no adenopathy, and about 20% of patients have this radiographic finding at the 
time of diagnosis. The parenchymal lesions are most commonly similar to those 
already described. However , especially in Stage 3 patients, the radiographic 
findings may suggest pulmonary fibrosis with linear densities persisting for 
prolonged intervals and associated with retraction and distortion of fissures, 
vessels, and lung parenchyma. It should be noted that pleural effusions or 
thickened pleura may be caused by sarcoidosis in association with Stage 2 or 3 
disease (35-37). However, pleural disease is sufficiently unusual that confirma
tion rif the etiology should be obtained by pleural biopsy with the demonstration 
of noncaseating granulomas. 
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Table 4 

Percentage of Abnormal Laboratory Tests in 764 Patients 
with Sarcoidosis in the United States 

Hyperglobulinemia 
Liver Function Abnormality 
Hypercalcemia 
Hypercalciuria 
Cutaneous Anergy 

Siltzbach 
L.A. N.Y. 

86% 61% 

11% 14% 

66% 

Kataria 

68% 
47% 
10% 
20% 
43% 

Among commonly ordered laboratory studies, the most likely to be abnormal 
is an elevation of the serum globulins in about two-thirds of patients. There 
is marked variability among series in regard to the specific immunoglobulin 
class that is most often elevated (38-44). Data are available which indicate 
that each of the major immunoglobulin classes, IgG, IgA and IgM, is the most 
frequently elevated . The most reasonable conclusion is that any or all of the 
major immunoglobulins may be responsible for the hyperglobulinemia in a specific 
patient. IgD is apparently not increased (42), but elevated IgE has been 
reported in a few patients (44) . I t is clear that hyperglobulinemia is more 
likely in black patients and i s associated with disease activity. Serum 
globulin concentrations return to normal when the disease is quiescent. 

According to liver biopsies, two - thirds to 
with sarcoidosis have hepatic involvement (45) . 
indicated by an elevated SGPT, SGOT or alkaline 
monly, probably in about 50% of patients. 

three quarters of patients 
Liver function abnormality as 

phosphatase occurs less com-

Hypercalcemia is reported to occur in about 10% of patients, although the 
frequency of the finding is quite variable from series to series. Hypercalcemia 
is frequently a transient finding which reverts to normal as the patient is 
followed without therapy (46) . Perhaps the variability among series relates 
to the frequency of sampling for the calcium concentration. Hypercalciuria is 
more frequent than hypercalcemia (47) . This suggests that hyperabsorption of 
calcium is often a feature of normocalcamic sarcoidosis and determines the 
urine concentration of calcium . There i s also a clear tendency to increased 
bone turnover which may cause an increased renal calcium load (47). 

It has long been recognized that many patients with sarcoidosis demonstrate 
cutaneous anergy to antigens wi th which they have likely had previous contact. 
These include tuberculin, mumps , trichophyton, and candida skin tests (48). The 
percentage of anergic patients depends on how many skin tests are applied, but 
the large series indicate that about 50% is a reasonable estimate. Patients 
are also unlikely to respond to dinitrochlorobenzene, the potent chemical 
antigen which evokes delayed hypersensitivity in most normal individuals (49), 
but they do respond normally to the mitogen phytohemagglutinin (50). There is 
some controversy about the frequency of anergy in various stages of activity 
of sarcoidosis and whether patients with inactive, apparently cured disease 
remain relatively anergic (51 -54). It is clear, however, that patients who 
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coincidentially develop tuberculosis during the course of active sarcoidosis 
develop a positive tuberculin skin test (51)~ and a newly positive test should 
be regarded as evidence for tuberculosis in a patient who has not just begun 
treatment with corticosteroids. Conversely~ a previously negative tuberculin 
skin test becomes positive in about one- half of patients with sarcoidosis when 
corticosteroid therapy is begun and does not indicate newly acquired tubercu-
1 OS iS (55~ 56) . 

If some combination of the preceding signs and symptoms~ radiographic 
findings or laboratory abnormalities are encountered~ the diagnosis of sar
coidosis must be considered and appropriate diagnostic studies should be 
performed. 

Figure 1 

7th International Conference on Sarcoidosis-1975 

11 The diagnosis is established most securely when clinical or radiographic 
findings are supported by histological evidence of wide- spread~ noncaseating 
epitheliod-cell granulomas in more than one organ or a positive Kveim-Siltzbach 
skin test. 11 

In redefining sarcoidosis in 1975~ the 7th International Conference 
suggested that histological evidence of wide-spread noncaseating granulomas 
should be demonstrated in more than one organ~ or a positive Kveim-Siltzbach 
skin test should be present. In practice~ the amount of support from biopsy 
procedures varies inversely with the confidence with which the clinical picture 
is recognized. In reported series or in clinical practice only the minority 
of patients have more than one biopsy procedure. It should be emphasized~ 
however~ that the histological findings are not specific~ and misleading 
biopsies may be obtained in patients with infectious granulomas~ malignancies~ 
hypersensitivity pneumonitis and local reactions to a variety of irritants 
(57-59). Thus~ there are cases with an unusual clinical syndrome where doubt 
may remain following one biopsy procedure~ and additional biopsies should be 
obtained. 

Table 5 

Causes of Bilateral Hilar Adenopathy (BHA) 
in 100 Consecutive Patients 

Diagnosis Total Patients Patients With 
Same led BHA 

Sarcoidosis 99 74 
Lymphoma 212 20 
Bronchogenic carcinoma 500 4 
Extrathoracic malignancy 1~201 2 

Percent 
of Total 

74 
9.4 
0.8 
0.2 
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The findings of Winterbauer, et al. (60), reported in Table 5 are represen
tative of the various etiologies of bilateral hilar adenopathy and have been 
confirmed by others (61, 62). Among 100 consecutive patients with BHA with or 
without parenchymal infiltrates the great majority have sarcoidosis with 
lymphoma being the second most common cause. Other malignancies are uncommon, 
and earlier studies have shown that infectious granulomas represent only 0.5% 
of patients presenting with BHA. Most importantly, all asymptomatic patients 
with negative physical findings and all patients with only erythema nodosum or 
uveitis proved to have sarcoidosis. If one accepts these clinical presenta
tions as conclusive evidence of sarcoidosis, the need for a biopsy procedure 
is obviated in about half of the patients. Simply following this type of 
patient is acceptable to many, but certainly not all, physicians. Symptoms, 
progression of disease and the comtemplation of steroid therapy for any reason 
strongly argue for a more aggressive approach. 

Table 6 

Frequency of "DiagnostiC 11 Biopsies Utilizing 
Outpatient Procedures 

Biopsy Site Number of Patients Percent Positive 

Skin 69 
Labial salivary glands 75 
Conjunctiva 146 

88 
58 
55 

Numerous biopsy sites have been utilized. Table 6 indicates those which 
cause virtually no mortality and minimal morbidity. Each can be performed with 
local anesthesia as outpatient procedures . Punch biopsies of skin lesions are 
certainly the easiest type to perform and yield noncaseating granulomas in a 
majority of patients (63). Moreover, in the 15% of patients who present with 
characteristic lesions, positive biopsies approach 100% (64, 65). However, 
erythema nodosum does not have a specific histological appearance, and biopsies 
of these lesions are unwarranted. 

Biopsies of salivary glands from the inner surface of the lower lip as 
well as bilateral conjunctival biopsies have been reported to be positive for 
noncaseating granulomas in over half of patients despite no gross evidence of 
disease in these areas (66-71). The likelihood of positivity of conjunctival 
biopsy is not related to the presence or absence of anterior uveitis. The 
ease of these procedures in conjunction with a moderately good yield of histo
logical confirmation of sarcoidosis suggests their use in some patients. 
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Table 7 

Frequency of 11 Diagnostic 11 Biopsies Utilizing 
Invasive Procedures 

BiOQS.Y Site Number of Patients Percent 

Mediastinum 703 
Palpable lymph nodes 200 
Liver 362 
Scalene Fat Pad 207 

Positive 

94 
86 
82 
69 

Among all invasive biopsy procedures only an open- lung biopsy can be 
expected to yield the diagnosis in all patients (72). The associated mor
bidity and expense, however, has led to the wide-spread use of more accessible 
tissues. In the absence of characteristic skin lesions or palpable lymph 
nodes mediastinoscopy was the procedure of choice in most medical centers 
until the middle 1970 1 S. This procedure, which requires general anesthesia, 
has an overall yield of about 95%, and experienced surgeons report a low 
complication rate (73-75). If palpable lymph nodes, which may be biopsied 
with local anesthesia, are available, their removal has been considered the 
procedure of choice and associated with positive diagnosis in approxi mately 
85% of patients (63). Epitrochler nodes when palpable yield the highest 
diagnostic rate, although they are present in the minority of patients. 

Percutaneous liver biopsy was formerly performed because of the ease of 
the procedure and the high yield of noncaseating granulomas. However, it has 
become apparent that these hepatic lesions may be found in patients with 
infectious granulomas, primary liver disease and a heterogeneous group of 
disorders that are neither hepatic nor granulomatous in nature (76, 77 ) . For 
this reason liver biopsy is no longer considered an appropriate diagnostic 
technique. 

Blind biopsy of the scalene fat pad was frequently performed in the past 
even in the absence of palpable lymph nodes in that area. The diagnostic 
yield was approximately 70%. However, the procedure has been abandoned, since 
noncaseating granulomas may be present in the scalene lymph nodes of patients 
with ·infectious granulomas or rna 1 i gnancy diagnosed by concurrent medias ti nscopy 
(63, 78, 79). 
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Table 8 

Frequency of "Diagnostic" Biopsies Utilizing 
Fiberoptic Bronchoscopy 

Number of Patients Percent Positive 

4 100 
57 74 

113 85 
52 89 

TOTAL 226 83 

Data from studies utilizing open-lung biopsy indicate that noncaseating 
granulomas are found in patients with sarcoidosis even in the absence of 
radiographic changes (72, 80-83). This finding suggests that the disease 
begins in the lung parenchyma irrespective of the clinical manifestations. It 
further implies that lung biopsy should yield the diagnosis if sufficient 
tissue is sampled. Experience with transbronchial biopsy through a fiberoptic 
bronchoscope has confirmed this observation (79 , 84-92) . As indicated in 
Table 8 the overall yield is approximately 85% and is similar in all radio
graphic stages of disease. However, since the granulomas are distributed 
randomly in the lung, and since each transbronchial biopsy samples a two or 
three cubic millimeters volume, the probability of diagnosis is proportional 
to the number of specimens obtained. To achieve a diagnostic rate of 97% in 
Stage 1 disease requires 10 separate biopsies; significantly less tissue is 
necessary in the presence of radiographic infiltrates (90). The morbidity of 
the procedure is low with the most serious complication, a reaction to local 
anesthesia, occurring in about 4% of patients (93) . Pneumothorax rarely 
occurs with fluoroscopic guidance and hemoptysis, although more frequent, is 
usually minor . In my opinion, in the absence of characteristic skin lesions 
fiberoptic bronchoscopy has become the procedure of choice for the biopsy 
confirmation of sarcoidosis . 
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Table 9 

Performance of the Kveim-Siltzbach Test 
for Sarcoidosis 

Extract of spleen or lymph node from a patient with 
sarcoidosis 

Bioassayed in patients with known sarcoidosis and 
normal controls 

Intraderma l injection in suspected patients 
Site biopsied at 4-6 weeks 
Positive diagnosis based on histological granuloma 

An intradermal test for the diagnosis of sarcoidosis was introduced by 
Kveim in 1941 (94). Because of Siltzbach's numerous reports on the use of 
this procedure, it is frequently referred to as the Kveim-Siltzbach test. The 
antigen is derived from a rather crude extract of spleen or lymph node from a 
patient with proven sarcoidosis (95, 96). Each lot must be bioassayed in 
patients with known sarcoidosis to determine appro priate activity and in 
normal controls to determine specificity. When utilized for diagnostic 
purposes the antigen is injected intradermally in suspected patients. Since 
the skin may appear grossly normal the site is carefully marked and biopsied 
4-6 weeks later. A positive diagnosis is based on the histological observa
tion of a typical noncaseating granuloma. 

Table 10 

Factors Affecting the Use of the Kveim-Siltzbach 
Test for Sarcoidosis 

Overall positive rate approximately 75% 
Greatest positivity in patients with classical findings 
Continued controversy about false positi ve rate 
Marked variability amo ng lots of reagent 
Not commercially produced and totally unavailable to 

most phys i cians 

Proponents of the Kveim-Siltzbach test find an overall positi ve rate of 
approximately 75% (96- 99). The greatest positivity rate occurs in patients 
with recent on$et sarcoidosis with classical findings of bilateral hilar 
adenopathy and erythema nodosum . Thus, the test is most likely to be diagnos
tic in patients who are least likely to be confused with other diseases. 
There is, however, a continued controversy about the false positive rate among 
patients with other diseases (100- 105). A part of the controversy results 
because of marked variability among lots of the reagent (106, 107). An addi
tional problem is interpretation of the biopsy findings by different patho- . 
logists. Irrespective of the resolution of these issues, Kveim-Siltzbach 
antigen is not commercially produced and is totally unavailable to most 
physicians. Thus, in the United States the Kveim-Siltzbach test is an inter
esting investigational undertaking but irrelevant in the care of patients with 
sarcoidosis. 
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Table 11 

Roentgenographic Presentation and Resolution Rate of 
461 Patients with Sarcoidosis in the United States 

Presentation Resolution 

Number of Patients Percent Number of Patients Percent 

36 8 36 100 
171 37 92 54 
160 35 59 37 

94 20 18 19 
461 100 205 45 

When a diagnosis of sarcoidosis has been made an estimate of the prognosis 
is desired by the patient and is helpful to the physician in planning manage
ment . The data in this regard are usually presented in terms of radiographic 
clearing. Table 11 (2) presents a reasonable estimate of ultimate radiographic 
resolution, although series from Europe are frequently more optimistic. As 
might be expected, patients wi th the least involvement, Stages 0 and 1, are 
the most likely to have complete clearing of the chest radiograph. If there 
are parenchymal lung infiltrates in conjunction with hilar adenopathy, Stage 
2, resolution is less likely, but it is more frequent than if no adenopathy is 
present, Stage 3. In this series of patients 45% ultimately had a normal 
radiograph. It should be remembered, however, that these patients are those 
who have come to medical attention and may not be representative of the total 
number of persons who have had sarcoidosis. 

Radiographic resolution of abnormalities, however, does not provide the 
best estimate of prognosis in patients with sarcoidosis. It has been re
peatedly demonstrated that neither lung pathology nor assessments of pulmonary 
function correlate well with the radiographic abnormalities, and that pulmonary 
function studies correlate more closely with the symptomatic status of the 
patient (80, 81, 83, 108-114). 

Stage 

1 
2 
3 

Table 12 

Correlation of Radiographic Stage of Sarcoidosis 
with Pulmonary Function Tests 

Number of Patients Range of FVC 
(% Predicted) 

14 62 - 140 
13 53 - 120 
16 27 - 97 

Range of OLeo 
(% Predicted ) 

44 - 120 
24 - 100 
17 - 108 

The data in Table 12 from a study by Sharma, Colp and Williams serve to 
illustrate the radiographic- physiologic discrepancy (115). Their patients 
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with no radiographic evidence of parenchymal lung involvement, Stage 1, had 
forced vital capacities which ranged from mildly reduced to high normal and 
diffusion capaciti es which ranged from moderately reduced to high normal. 
Patients with parenchymal involvement, Stages 2 and 3, likewise demonstrated 
marked variability ranging from severely abnormal to perfectly normal lung 
function . These values were obtained at the time of diagnosis, but similar 
discrepancies were observed after prolonged followup with or without steroid 
therapy. 

It is quite clear that pulmonary function tests must be obtained to 
assess the severity of lung involvement with sarcoidosis and to assess the 
change in function with time. The diffusion capacity is the most sensitive 
and the most likely to indicate worsening of disease. Pulmonary function 
tests do not correlate perfectly with patients• symptoms for two reasons. 
First, normal persons have a large pulmonary reserve, and considerable lung 
destruction is necessary before dyspnea occurs. Second, the symptom of 
dyspnea is subjective , and many patients tolerate even large amounts of lung 
destruction before becoming subject i vely short of breath. Objective measure
ment of lung function, therefore, correlate better with prognosis. 

Table 13 

Features of Sarcoidosis Suggesting a Good Prognosis 

Acute onset of disease, especially associated with 
erythema nodosum 

Radiographic stages 0 or 1 
If the lung is radiog raphically invol ved , miliary 

or reticulonodular patterns 
Normal or near normal pul mon ary function tests 
No progression of organ involvement beyond one 

year 

The course of sarcoidosis and the ultimate residua are unpredictable in 
an individual patient (110, 116, 117), and thus each patient must be followed · 
carefully. However, certain features suggest a good prognosis. A definable 
acute onset of disease, especially when associated with erythema nodosum, 
suggests ultimate resolution (22, 61, 62, 110, 116-118). Although the radio 
graphic findings are not definitive, patients with Stages 0 or 1 at the time 
of diagnosis are more likely to do well (61, 62, 119, 120 ). If the lung is 
radiographically involved, a miliary or reticulonodular pattern is more likely 
to clear without residua (110). More importantly, normal or near normal 
pulmonary function tests at the outset suggests a good prognosis. Sarcoidosis 
tends to be a more benign disease in patients who spontaneously recover 
without progression of organ involvement beyond one year (113). 
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Table 14 

Features of Sarcoidosis Suggesting a Poor Prognosis 

Insidious onset , especially with cutaneous, eye 
or bone involvement 

Radiographic Stages 2 or 3 
Radiographic pulmonary patterns of alveolar 

infiltrates or fibrosis with bullae 
Seriously abnormal pulmonary function tests 
Progression of organ involvement beyond one year 

An insidious onset of disease, especially with cutaneous, eye or bone 
involvement, suggests a chron i c course with ultimate disability (110 ) . 
Radiographic Stages 2 or 3 and especially radiographic pulmonary patterns of 
alveolar filtrates or of fibrosis with bullae formation are predictive of a 
poor prognosis (110, 116, 121). As mig ht be expected, seriously abnormal 
pulmonary function tests at the outset suggest residual impairment. If there 
is a progression of organ involvement beyond one year, or if the radiograph 
remains abnormal beyond two years , few patients have a satisfactory outcome 
(110, 113, 121, 122). 

Table 15 

Final Outcome of Patients with the Diagnosis 
of Sarcoidosis 

Essentially normal 
Permanent disability 
Dead 

75% 
20% 

5% 

A reasonable estimate of the final outcome of patients with the diagnosis 
of sarcoidosis is presented in Table 15 (19 , 20, 22, 23, 116, 117, 123 ) . 
Approximately 75% of patients become essentially normal with no further 
disease activity and with no serious impairment. Not all of these persons 
have normal pulmonary function, but lung destruction has not been sufficient 
to produce symptoms. Approx imately 20% of patients have permanent disability. 
In the great majority the disability is dyspnea of varying degrees. In a 
small fraction of patients the disability is loss of vision, and in an even 
smaller fraction nervous system dysfunction, renal failure or cardiac symptoms. 
Approximately 5% of patients die of the disease, almost always because of 
respiratory failure. 

I do not plan to discuss the continuing controversy about the role of 
steroid therapy in alleviating permanent disability or death (124-130), nor to 
express an opinion in this regard. However, it is clear that steroids are 
utilized for therapy in many patients, and are considered for use in many 
others with lingering disease . Since physicians do not desire to use these 



- 14 -

agents indiscrementantly, recent investigations have sought new means of 
determining if disease activity presists in individual patients. These 
esti mates are based on recently acquired kn owledge of the immu nologic abnormal
ities of sarcoidosis which wilT be briefly reviewed (131, 132 ) . 

Figure 2 

7th International Conference on Sarcoidosis-1975 

11 lmmunological features are depression of delayed-type hypersensitivity 
suggesting impaired cell-mediated immunity and raised or abnormal i mmunoglobulins.~~ 

The 7th International Conference on sarcoidosis in 1975 indicated as part 
of the definition of the disease that: 11 immunological features are depression 
of delayed-type hypersensitivity suggesting impaired cell-mediated immunity 

. and raised or abnormal immunoglobulins 11
• I have previously indicated that 

cutaneous anergy to several recall antigens occurs in about 50% of patients 
and that hyperglobulinemia occurs in about two-thirds. These systemic immune 
abnormalities were the first to be recognized and imply an alterati on in 
function of both thymus-derived lymphocytes or T cells and of bone marrow
derived lymphocytes orB cells. 

Figure 3 

Functional Interrelations of Lymphocytes 
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Daniele, et al.: Ann. Intern. Med. 92:406, 1980 

The first phase of an immune response usually begins with antigen processing 
by a macrophage. The foreign substance is phagocytosed, partially degraded, 
and processed intracellularly for optimal presentation of antigens to lympho
cytes. The presentation of antigens results predominantly in either a cellular 
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or humoral immune response. The type of response depends on a number of 
poorly understood factors including the size , route of entry, solubility and 
toxicity of the antigen . Cell -mediated immunity, or delayed-hypersensitivity, 
is a function ofT cells . The interactions of ant i gen and T cells leads to 
cellular proliferation with the formation of memory cells that respond more 
rapidly after challenge to the original antigen, killer cells that destroy 
alien cells, and effector cells that produce nonimmunoglobulin molecules 
called lymphokines which play an important role in the generation of inflamma
tory responses including the formation of granulomas (133). 

An antibody response results from interaction of antigen with B cells 
which are thereby stimulated to differentiate into plasma cells. The pro
duction of antibody by the B cell line is regulated by two types ofT cells 
(134, 135). One type ofT lymphocyte is called a helper and is required by B 
lymphocytes for optimal antibody production t o most antigens. The second type 
ofT cell is called a suppressor cell and modulates the antibody response once 
it is initiated . These two types of cells may be recognized by differing Fe 
receptors on cell membranes (136) . Helper T cells have Fe receptors for IgM 
and are designated at T~, while suppressor T cells have Fe receptors for IgG 
and are designated Ty. 

Figure 4 

Number of T Cells in Peripheral Blood 
of Patients with Sarcoidosis 
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Patients with sarcoidosis with cutaneous anergy usually have a reducti on 
in the number of circulating peripheral blood lymphocytes (137). Additionally, 
many patients have circulating atypical lymphocytes (138). Lymphopenia and 
atypical lymphocytes are characteristically found only in patients whose 
disease is judged to be active (139). As demonstrated in Figure 4 active 
sarcoidosis is associated with a reduction in the number ofT cells. In 
patients in whom the sarcoidosis is judged to be resolved, the number of 
peripheral T cells usually returns to normal and in those patients with 
continuing disease the reduction is chronic. 

Table 16 

Depressed Proliferative Response of Sarcoid T Lymphocytes 
to Anti gens and ~1i togens In Vitro 

Reduced number of peripheral T lymphocytes 
Intrinsic defect in sarcoid lymphocytes 
Antibodies to T lymphocytes 
Abnormal distribution of T helper and T suppressor 

cells 
Suppressor activity by monocytes 

An in vitro manifestation of the anergy observed in patients with sar
coidosis is a depressed proliferative response of sarcoid T lymphocytes to 
antigens and mitogens. Several potential explanations for the decreased 
functional activity of circulating T cells have been investigated. The 
si mplest explanation is that there are a reduced number of peripheral T 
lymphocytes (140, 141). However, Daniele and Rowlands were unable to find a 
correlation between the number ofT cells in culture and the magnitude of the 
proliferative response to mitogens (139). One study has been i nterpreted to 
indicate that there is an intrinsic defect in sarcoid lymphocytes (142), but 
the evidence is indirect, and this finding has not been substantiated. Anti 
bodies to T lymphocytes have been found in the sera of some patients with 
active sarcoidosis (143-145). These antibodies are demonstrated in vitro at 
4° C, and their in vivo significance is not known. An abnormal distribution 
of T helper and T suppressor cells have been demonstrated in peripheral blood 
(146) , a decrease in helper cells and an increase in suppressor cells. 
Finally, it has also been shown that monocytes from peripheral blood may 
decrease the mitogen response of T lymphocytes in patients with sarcoidosis 
and in control subjects (147). A partial restoration of lymphocyte respon
siveness occurs after addition of indomethacin to the system suggesting that 
the suppressing factor is a prostaglandin. 

Thus, it is clear that there are several mechanisms by which circulating 
T lymphocytes may be functionall y depressed. The importance of each of these 
singl y or in combination has not been elucidated. However, despite the T cell 
lymphopenia and the evidence of suppressed function, it has been found that 
there is a significant increase in the number of activated T lymphocytes in 
blood (139, 148-151) that spontaneously release lymphokines such as macrophage 
migration inhibition factor (152, 153). These seemingly contradictory findings 
may be explained by features of the disease to be discussed subsequently. 
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Table 17 

Abnormalities of Humoral Immunity 
in Patients with sarcoidosis 

Polyclonal elevation of serum immunoglobulins 
Excess humoral response to antigens 
Serological hyperreactivity to infectious agents 
Presence of autoantibodies 
Circulating immune complexes 

In marked contradistinction to the suppressed function ofT cells and 
cell-mediated immunity, the abnormality of humoral immunity mediated by B 
cells indicate excess activity. There is some controversy about the number of 
B cells in the peripheral blood of patients with sarcoidosis (138, 139, 148, 
154, 155). The absolute numbers are either normal, or the proportion of cells 
is normal but the absolute number is reduced due to lymphocytopenia. The 
controversy may be due to methodological problems (156, 157). 

It was previously indicated that about two-thirds of patients have a 
polyclonal elevation of serum immunoglobulins which may be due to IgG, IgA or 
IgM. Early investigations also revealed that patients produce excess humoral 
response to antigens such as isoagglutinins in response to the intravenous 
administration of mismatched blood (158). Many patients have serological 
hyperreactivity to infectious agents with high titers of antibodies against 
Epstein-Barr, rubella and parainfluenza viruses and mycoplasma (159-161). 
Similarly, patients may have antibodies directed against host antigens such as 
rheumatoid factor and antinuclear antibodies (42, 162, 163). An additiona l 

. hyperreactivity of the humoral system is the presence of circulating immune 
complexes in many patients with sarcoidosis (164-168). The presence of immune 
complexes correlates with the stage of disease. About half of patients with 
acute disease have complexes, whereas only 20% of patients with chronic acti ve 
disease for five or more years demonstrate them (167). Patients with resolved 
sarcoidosis do not have immune complexes. The only physical finding associated 
with the presence of immune complexes is erythema nodosum (169 ). 

Thus, in contradistinction to the depressed function of cell-mediated 
immunity, humoral immuni ty is hyperactive. These findings cannot be explained 
by investigations of components of the blood of patients with sarcoidosis, 
and none is sufficiently correlated with disease activity or progression to be 
useful in directing therapy. This has led to an analysis of the immunological 
events within the lung. 
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Table 18 

Relationship of Mononuclear Cell Interstitial Pneumonitis 
to the Extent of Parenchymal Granulomas 

Extent of Parenchymal Granulomas 
Minimal 1+ 2+ 3+ 

Number in group 18 47 31 32 

Pneumonitis Percent of Grou~ 
Predominating 61 30 19 0 
Prominent 11 40 35 50 
Absent 28 30 45 50 

Rosen, et al.: Chest 74:122, 1978 

There has been a general tendency to view the granulomatous lesions of 
sarcoidosis as relatively static structures , and such terms as 11 monotonous 
regularity 11 have frequently been applied to the histological picture. Recent 
investigation has shown that this is clearly not the case. In a single patient 
there may be incomplete lesions in a formative stage, typical and resolving 
granulomas, and granulomas progressing to hyalinization and fibrosis; within a 
single granuloma there is a continual turn over of the cellular constitutents 
(59, 113, 117, 170, 171). Lymphocytes were suggested as the earliest cel l s in 
sarcoid lesions in 1964 (172), and this finding has been repeatedly noted 
since that time (112, 117, 133, 170- 173). The implications of these cells in 
lung biopsies was appreciated by Rosen and his associates in 1978 and is pre
sented in Table 18 (174) . Their interest was occasioned by the finding of 
nonspecific mononuclear interstitial pneumonitis in patients with sarcoidosis 
from whom small tissue specimens were obtained by fiberoptic bronchoscopy. In 
a series which reported the results of 128 open-lung biopsies these investi
gators correlated the relationship of mononucl ear cell pneumonitis to the 
extent of parenchyma 1 granulomas. 11 Predomi nantly pneumonitis 11 was observed in 
61% of 18 specimens showing minimal granulomas, while a progressivel y smaller 
percentage of specimens revealed interstitial disease when granulomas were 
extensive. This difference was statistically significant. The authors also 
noted that 11 predominantly pneumonitis 11 occurred with greater frequency in 
radiographic Stage 1 than in Stages 2 and 3 and that fibrosis was less fre
quent in the presence of pneumonitis than granulomas. They concluded that 
interstitial pneumonitis may be seen as the only finding in small lung biopsies 
specimens in patients with sarcoidosis, and the diagnosis may be missed. 

Others have interpreted these data as useful in characterization and 
quantification of the pneumonitis which preceeds granuloma formation and 
perhaps important in defining the activity and hence the prognosis of the 
disease (132). Bronchoalveolar lavage with enumeration of the cell types on 
alveolar surfaces, a procedure previously utilized successfully in patients 
with idiopathic pulmonary fibrosis (175), is the technique employed in this 
assessment. 
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Table 19 

Results of Bronchoalveolar Lavage (BAL) in Normal Subjects 
(100 ml Saline - Nonsmokers) 

Fluid 
Total cells 
Alveolar macrophages 
Lymphocytes 
Granulocytes 

Recovered 
40-60 ml 6 5-10 X 10 
93 ± 5% 
7 ± 1% 
< 1% 

Bronchoalveolar lavage was originally performed through a rigid broncho
scope (176) and subsequently through balloon-tipped cathethers (177). However, 
the procedure did not gain general acceptance until performed by fiberoptic 
bronchoscopy in 1974 (178). Lavage adds no morbidity and little additional 
time to standard fiberoptics. The bronchoscope is wedged in a subsegmental 
bronchus, sterile saline is infused in 20 ml aliquots, usually to a volume of 
100 ml, followed by the immediate application of suction. Approx imately 40-60 
ml 6of this volume is usually recovered. Normally the fluid contains 5 to 10 X 
10 cells of which approximately 93% are alveolar macrophages, 7% lymphocytes 
and less than 1% granulocytes . In cigarette smokers the total number of cells 
is increased, and the additional cells are granulocytes, with the other cellu
lar constitutents unchanged. 

Table 20 

Comparison of Lymphocytes i n BAL and Blood 
From Normal Nonsmokers 

Percent of Total Lymphocytes 
Lung Blood 

T Lymphocytes 73 ± 4 74 ± 5 
Activated 6 ± 2 
T Helper 46 ± 3 
T Suppressor 25 ± 2 

B Lymphocytes 8 ± 3 7 ± 

Null Lymphocytes 19 ± 3 19 ± 

Hunninghake, et al.: Am. J. Pathol. 97:149, 1979 
Hunninghake and Crystal: N. Engl. J.iMed. 305:429, 1981 

5 ± 2 
48 ± 3 
28 ± 2 

4 
5 

A comparison of lymphocytes in BAL and blood from normal nonsmokers 
reveals that the subtypes of alveolar T and B lymphocytes are similar to those 
found in peripheral blood. T lymphocytes comprise almost 75% in each compart
ment, and there are similar percentages of activated, T helper and T suppressor 



- 20 -

cells. Similarly, B lymphocytes although in smaller quantity comprise approxi
mately the same percentage of total lymphocytes in each compartment. · In the 
lung the majority of B lymphocytes have surface immunoglobulins of the IgM and 
IgD classes, while a much lesser proportion have IgG or IgA. The remaining 
19% of both alveolar and blood lymphocytes do not react with conventional 
reagents and are classified as null cells. 

Figure 5 

Cellular Composition of BAL of Normal Subjects and Patients 
with Idiopathic Pulmonary Fibrosis or Sarcoidosis 

100 

80 0 Normals . ,., 
~ SIICOidosil 

20 
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In contradistinction to normal subjects, patients with interstitial lung 
disease have a markedly different cellular composition of bronchoalveolar 
lavage fluid (179-182). The graph in Figure 5 illustrates that patients with 
active sarcoidosis have a far greater percentage of lung cells which are 
lymphocytes, coupled with a reduction in the proportion of macrophages. 
However, since the total number of cells recovered by BAL is greater in the 
patients, the actual number of macrophages is normal or increased, and the 
number of lymphocytes is several fold that of normal persons. By comparison, 
patients with the diffuse but nongranulomatous interstitial lung disease 
idiopathic pulmonary fibrosis (IPF) have an increased number of polymorpho
nuclear leukocytes, both neutrophils and eosinophils, but do not have an 
increase in lymphocytes. As demonstrated in this graph, the number of neu
trophils in BAL fluid of patients with early sarcoidosis is not increased. 
However, other investigators have reported that patients with advanced sar
coidosis have an abnormal number of these cells present and that the finding 
of granulocytes may be indicative of an evolution of the granulomatou s process 
toward pulmonary fibrosis (182). · 
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The cells obtained from the lung of a patient with sarcoidosis have been 
found to be similar among all bronchopulmonary segments (183). Moreover, 
comparisons of cells obtained by BAL with those from open-lung biopsy demon
strate a close correlation, indicating that BAL is satisfactory for estimating 
pulmonary interstitial events (184 , 185) . The finding of lymphocytes by BAL 
is not specific for sarcoidosis, since patients with other granulomatous 
processes, especially hypersensitivity pneumonitis, also demonstrate lymph
ocyte excess (175, 183, 186, 187). 

Figure 6 

Lymphocyte Subpopulations in Blood and BAL of Normal Subjects 
and Patients with IPF or Sarcoidosis 

100 

90 

80 

CJ) 70 
L.U 

!;: 
u 
~ 60 
0.. 
~ 

~ 
LL 
0 

A. T-lymphocytes 

D Normals 

• IPF 

~ Sarcoidosis 

BLOOD LAVAGE 

Hunninghake, et al.: Am . Rev . Respir. Dis. 120:49, 1979 

Lymphocyte subpopulations in blood and BAL of normal subjects and patients 
with idiopathic pulmonary fibrosis and sarcoidosis are indicated in the graph 
in Figure 6. It is apparent that normal subjects and patients with IPF have 
similar proportions of T and B lymphocytes in blood and lung. In contrast, 
patients with sarcoidosis have a marked increase in the percentagPs of T 
lymphocytes in the lung compared to blood and compared to both control groups. 
Patients with sarcoidosis have a significant decrease in the percentages of B 
lymphocytes in their lungs compared to blood and compared to both control 
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groups. Further, it can be shown that patients with sarcoidosis have signifi
cantly increased proportions of activated lymphocytes in lung compared to 
blood. The graph reports only the percentage of lympocytes in these two 
compartments. The absolute numbers of T lymphocytes in the blood of patients 
with sarcoidosis is only 50% of the number of T lymphocytes in the blood of 
normal subjects . The total number of T lymphocytes recovered from lavage 
fluid is several fold greater than the control group. Despite the increased 
percentages of B lymphocytes in the blood of patients with sarcoidosis, the 
absolute number of these cells is not significantly different from the control 
group. 

Figure 7 

Proportions of Helper T Cells in the Lungs and Blood 
of Normal Subjects and Patients with IPF or Sarcoidosis 
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Using monoclonal antibodies it has been found that the proportion of 
helper T cells in patients with sarcoidosis differ from those of normal 
persons or persons with nongranulomatous disease (188). As demonstrated by 
the graph in Figure 7, there is no difference in the proportions of lung or 
blood T cells that are helper cells in normal subjects, patients with IPF and 
patients with sarcoidosis where there is a "low- intensity alveolitis", defined 
as fewer than 28% of ce l ls that are T lymphocytes. In contrast, the patients 
with sarco idosis and high- intensity alveolitis have a significantly greater 
percent of helper cells in the i r lungs than in their blood compared to the 
control groups . However, the proportions of helper cells in the blood of 
these patients are significantly lower than those in normal controls. 
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Figure 8 

Proportions of Suppressor T Cells in the Lungs and Blood 
of Normal Subjects and Patients with IPF or Sarcoidosis 
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In normal controls and in patients with IPF, the proportions of suppressor 
T cells are also similar in lungs and blood. However , in patients with sar
coidosis and low-intensity alveolitis , the proportions of suppressor cells in 
both lungs and blood are higher than in normal controls and patients with IPF . 
There are no significant differences in the proportion of suppressor cells in 
lungs as compared with blood in these patients. Likewise, the proportion of 
suppressor cells in blood are higher in patients with sarcoidos i s and high
intensity alveolitis than in normal subjects and patients with IPF but are 
similar to patients with low- intensity alveolitis. The proportions of sup
pressor cells in lungs are markedly lower in these patients than in each of 
the other groups and lower in lungs than in blood . 

Since T lymphocytes which are helper cells are thought to secrete lympho
kines that modulate granuloma formation and activate B lymphocytes to secrete 
immunoglobulin, the observations in Figures 7 and 8 suggest both granuloma 
formation by mononuclear phagocytes and antibodies secretion by B lymphocytes 
are modulated locally by lung T lymphocytes that preferentially express helper 
function. Additional data have been generated in this regard . 
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Figure 9 

Spontaneous Secretion of Monocyte Chemotactic Factor 
by T Lymphocytes of Patients with Sarcoidosis 
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As shown by the graph in Figure 9, T lymphocytes from the lungs of patients 
with sarcoidosis spontaneously secrete larger amounts of monocyte chemotactic 
factor than do similar numbers of T lymphocytes from the blood of the same 
patients (189) . Indeed, the lung T cells demonstrated 25 times more chemo
tactic activity than blood T cells. The factor, which has a molecular weight 
of 10,000 to 15,000 daltons, is 10 times more chemotactic for monocytes than 
for neutrophils. This finding, together with the fact that the sarcoid lung 
contains large numbers of activated T lymphocytes, suggests that a higher 
concentration of chemotactic factor is present in lung than in blood. Thus, 
it is likely that a gradient for monocyte chemotaxis exists between lung and 
blood and results in the accumulation of blood monocytes within alveolae. 
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Figure 10 

Immunoglobulin-Secreting Cells in BAL of 
Normal Subjects and Patients with Sarcoidosis 
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Additional substantiating evidence of the role of lung T lymphocytes in 
the pathogenesis of sarcoidosis has been presented by Hunninghake and Crystal 
(190 ) by comparing the immunoglobulin-secreting cells in BAL fluid of normal 
subjects and patients with sarcoidosis. Figure 10 is a graph from their study 
which records IgG-secreting cells in the first panel, IgM-secreting cells in 
the second panel and IgA-secret ing cells in the third pan31. In untreated 
patients the number of IgG and IgM-secreting cells per 10 lung lymphocytes is 
markedly increased compared with normal individuals. The number of IgA
secreting cells is not increased. In contrast to the lungs, the number of 
IgG, IgM, and IgA-secreting cells in blood of patients is similar to those of 
normal individuals. Further, there is a direct correlation between the percent 
of BAL cells that are T lymphocytes and the percent of BAL cells that secrete 
IgG; in normal individuals there is no such relationship. When purified 
sarcoid lung T cells are co -cultured with blood mononuclear cells from normal 
indi viduals, the normal B lymphocytes are induced to differentiate into 
immunoglobulin-secreting cells. In contrast, blood T lymphocytes from the 
same sarcoidosis patients do not stimulate normal B cells to produce immuno
globulins. 

These findings suggest that in pulmonary sarcoidosis the lung is an 
important site of the immunoglobulin production. Activated lung T lymphocytes 
apparently modulate local production of antibody and thus modulate the systemic 
polyclonal hyperglobulinemia. 
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Table 21 

Current Concepts of the Pathogenesis of Sarcoidosis 

Pulmonary deposition of an antigen or 
antigens 

Interstitial pneumonitis of T 
lymphocytes 

Pulmonary recruitment and retention of 
blood monocytes by activated T lymphocytes 

Granuloma formation by monocytes~acrophages+ 
epitheliod and giant cells 

Systemic immunological events of anergy and 
excess immunoglobulins a 11 Spillover 11 

from pulmonary events 
Pulmonary granulomas may regress leaving 

normal lung architecture or progress to 
lung destruction and fibrosis 

The studies published since 1978 which I have reviewed therefore suggest 
a new concept of the pathogenesis of sarcoidosis (132, 191). The initial 
event is probably the pulmonary deposition of an antigen or antigens. The 
mechan isms of antigen presentation and lymphocyte recruitment have not been 
study, but an early abnormality is an interstitial pneumonitis ofT lympho
cytes. This stage is followed by pulmonary recruitment and retention of blood 
monocytes by activated T lymphocytes. There is subsequent granuloma formation 
by monocytes which differentiate into macrophages and subsequently into 
epitheloid and giant cells. The systemic immunological events of anergy and 
excess immunoglobulins are a spi 11 over from pul mcnary events. The systemic 
anergy results from a lack of circulating T lymphocytes and excess T suppressor 
activity, and the gamopathy results from nonspecific immunoglobulin synthesis 
by B lymphocytes in the lung which have been stimulated by T helper cells. 
The pulmonary granulomas may regress spontaneously or with therapy leaving 
normal lung architecture, or they may progress to lung destruction and fib
rosis. In a single patient not all granulomas have the same outcome, and the 
eventual alteration of lung function depends on the balance in this regard. 

In caring for patients with sarcoidosis an index of continued disease 
activity would permit a rational approach to steroid therapy. From the pre
ceeding discussion, it is clear that chest radiographs do not offer this 
possibility. Moreover, pulmonary events may not be reflected by systemic 
changes, and hence the latter are not satisfactory for following disease 
activity. An assessment of pulmonary function, especially the diffusion 
capacity, has been the most useful guide to steroid therapy. However, the 
current concepts of the pathogenesis of sarcoidosis enumerated have suggested 
a9ditional parameters which may be useful . 
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Table 22 

Comparison of Proportions of T Lymphocytes in BAL 
with Biopsy Assessment of Alveolitis in Sarcoidosis 

Biopsy 

Low-intensity alveolitis 

High-intensity alveolitis 

T Lymphocytes in BAL 
~ 28% > 28% 

6 

2 

0 

12 

Hunninghake, et al.: Am. Rev. Respir. Dis. 123:407, 1981 
Crystal, et al. : Ann. Intern. ~1ed. 94:73, 1981 

One parameter proposed by the NIH group to monitor disease activity is 
the number ofT lymphocytes recovered in BAL fluid (132, 185). This suggestion 
is based in part on a comparison of proportions of T lymphocytes in BAL with a 
biopsy assessment of lymphocytic alveolitis, Table 22. It was found on lung 
biopsy that patients with low-i ntensity alveolitis had 28% or fewer T lymphocytes 
recovered in BAL fluid, while most patients with high-intensity alveolitis had 
greater than 28% of these cells recovered. If the concepts previ~usly pro-
posed are correct, patients with fewer lymphocytes in the lung should develop 
fewer granulomas and have a good prognosis for lung function. However, the 
only published evaluation of this estimate is in abstract form, and hence the 
study cannot be fully evaluated (192) . In the group of 11 patients, 69% with 
low-intensity alveol itis either showed improvement or no change in pulmonary 
functions (191) . All patients i n the group with high- intensity alveolitis 
showed deterioration in one or more pulmonary function tests during the six 
month study period . 

The NIH group has coupled the gallium lung scan with an evaluation of BAL 
lymphocytes as an additional assessment of disease activity, and considered 
the two simultaneously. 
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Figure 11 

Di stribution of Gallium-67 Index in Normal 
Persons and Patients with Sarcoidosis 
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Gallium-67 scans were first noted to cause accumulations of radioactive 
material in the lungs of certain patients with sarcoidosis in 1972 (193, 194 ) . 
Subsequent reports have confirmed this observation, and have also indicated 
that. pos itive scans do not correlate well with symptoms, and frequently 
become negative in patients after treatment with corticosteroids (195-202). 
Other granulomatous, neoplastic and inflammatory diseases may produce positive 
pulmonary gallium scans confirming a lack of specificity. In granulomatous 
disease the localization mechanisms for gallium are incompletely understood 
but may relate to the uptake of the isotope on the plasma membranes of acti
vated T lymphocytes, (202). 

The NIH group was the first to quantitate gallium scans to assess the 
activity of interstitial lung diseases (203) . Their index multiplies the 
surface area of the lung which takes up the isotope , the intensity of uptake 
graded from 0 to 4, and the uniformity of uptake. The index ranges from 0, 
which indicates radioactivity similar to background tissues, to 400, which 
indicates high- intensity radiation over the entire lung. In the study re
ported in Figure 11, it was found that all normal persons have a gallium index 
of less than 50 (204). Sixty one percent of patients with sarcoidosis had an 
index greater than 50, 39% greater than 100 and 12% greater than 200 units. 
There was no relationship with conventional laboratory tests including the 
radiographic stage of disease . There was a weak negative relationship with 
the percent of predicted diffusion capacity and total lung capacity. However, 
there was a highly signif i cant relationship between the gallium index and the 
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percentage of lymphocytes and the percentage of T lymphocytes recovered by 
bronchoalveolar lavage. These data were interpreted to mean that the gallium 
scan is useful to stage the activity of sarcoidosis and perhaps useful to make 
decisions regarding therapy of the alveolitis. 

The NIH group has completed and submitted for publication a study utilizing 
the enumeration of lymphocytes by BAL and gallium scanning for prospectively 
estimating disease activity in patients with sarcoidosis (205). They will 
report that these tests may be used to initiate and regulate the dosage of 
steroids. However, in my opinion, until the results are published and avail
able for careful review the tests must be considered experimental and should 
be used only as an adjunct to pulmonary functions studies which include a 
diffusion capacity as the standard means of following patients with sarcoidosis. 
Conversely, it seems reasonable in these patients to also perform broncho
alveolar lavage at the time of the original fiberoptic bronchoscopy. It is 
not necessary to specifically enumerate T lymphocytes, since repeated studies 
have shown that in excess of 90% of all lymphocytes obtained from the sarcoid 
lung are T cells. Instead, only the fraction of all cells that are lympho
cytes need be enumerated. If the result is a lymphocytosis greater than 30%, 
closer follow-up of the patient is indicated than with lesser degrees of 
lymphocytosis. 

Table 23 

Lysozyme and Serum Angiotensin Converting Enzyme (SACE) 
in Patients with Sarcoidosis 

Secreted by macrophages, epitheliod and giant 
cells 

Lysozyme less reliable than SACE 
SACE elevated in approximately 60% of patients 

with sarcoidosis 
SACE elevated in approximately 75% of patients 

with active, untreated sarcoidosis 
SACE probably reflects the total body burden 

of granulomas 

Both serum lysozyme (206, 207) and serum angiotensin converting enzymes 
concentrations (208) have been suggested as useful in the diagnosis of sar
coidosis. .Lysozyme is a lysosomal enzyme with antibacterial properties which 
is normally secreted by polymorphonuclear leukocytes and monocytes. In patients 
with sarcoidosis excess lysozyme is present in granulomas where it is secreted 
by macrophages, epitheliod and giant cells (209-211). Elevation in the serum 
concentration of the enzyme is derived from granulomas in these patients. 
Thus, elevated serum concentrations may suggest active sarcoidosis, but lyso
zyme is not as sensitive or specific as serum concentrations of angiotensin 
converting enzyme (212-214), and it will not be considered furth~~ . 
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Angiotensin converting enzyme (ACE) converts angiotensin 1 to angiotensin 
2 and also inactivates bradykin i n. Although it is found in serum, it ts 
present in high concentration in pulmonary blood vessels, and to a lesser 
degree the vascular bed where it is located on the plasma memb ranes of endo
thelial cells, (215). It is present in very high concentrations in sarcoid 
granulomas and like lysozyme has been demonstrated to be secreted by macro
phages, epitheliod and giant cells (216-219). The concentration is greater in 
sarcoid than in nonsarcoid granulomas, which may prove a useful separation for 
biopsy specimens (220). ACE activity has been found in human alveolar macro
phages, and the serum activity has been found to correlate with the number of 
lymphocytes and the number of T lymphocytes in BAL fluid from patients with 
sarcoidosis (221-223). 

The serum angiotensin converting enzyme (SACE) concentration is elevated 
in approximately 60% of all patients with sarcoidosis (224-235). However, in 
patients with clinically active, untreated disease, SACE is elevated approxi
mately 75% of the time. The concentration is thought to reflect the total 
body burden of granulomas , and thus may not reflect only pulmonary activity. 

Table 24 

Serum Angiotensin Converting Enzyme (SACE) in 
Patients Wi thout Sarcoidosis 

Disease 

Diabetes 
Alcoholic liver disease 
Tuberculosis 
M. intracellulare 
Leprosy 
Gaucher 1 s disease 

Number of Patients 

265 
151 
250 

29 
53 
9 

Percent 
Elevated SACE 

24 
28 
8 

17 
53 

100 

However, as indicated in Table 24, elevated serum angiotension converting 
enzyme concentrations are not specific for sarcoidosis (236-242) . Si nce 
leprosy and Gaucher 1 s di sease are not among the major public health problems 
in the United States, the most common diseases known to affect SACE are diabetes 
and alcoholic liver disease . About half of diabetic patients have sporadically 
elevated concentrations wh i le about half have persistently eleva ted levels (241) . 
There is some association between SACE and the severity of diabetes as re
flected by the need for insulin therapy. There is also a strong association 
with retinopathy . All of the persons with alcoholic liver disease have 
clinical evidence of disease, although SACE is unrelated to the usual tests of 
liver function (242). The SACE levels tend to vary when measured repeatedly but 
rema in consistently el evated . Abstinence from alcohol for six months is 
apparently necessary for levels to return to normal. Other types of chronic 
liver disease may also cause elevated SACE concentrations. 
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Since the sensitivity for elevated SACE concentrations in sarcoidosis is 
not high, and the specificity is similarly in question, the test is no more 
than supportive in making a di agnosis. However, it has been suggested that it 
may be of aid in monitoring disease activity (243-246). 

Table 25 

Comparison of Clinical and SACE Indices of 143 
Paired Observations in 61 Patients with Sarcoidosis 

Clinical Index 

Worse 
Stable 
Improved 

DeRemee, et al. : 
Rohatgi, et al. : 

SACE Index 
Worse Stable Im~roved 

27 6 
13 23 
3 11 

Ann. Intern. Med. 92:361, 1980 
Am. J. Med . 70:44,-r981 

0 
3 

57 

The data in Table 25 compare clinical and SACE indices in 61 patients 
with sarcoidosis. The clinical assessment included symptoms, chest roentgeno
grams, pulmonary function testing, and objective changes in physical findings. 
The SACE index was said to be worse if the concentration increased by more 
than the mean coefficient of variation for normal subjects, stable if within 
the normal variation and improved if it went down by a similar amount. Using 
these criteria, the SACE concentration might be within the normal range while 
the index changed for better or worse . One hundred and seven of the 143 
compared observations (75%) correlated, while only 3 observations were in 
opposite directions. Further, i n most patients with clinical remission, 
either spontaneous or induced with steroids, the SACE level decreases. 

Although it may be that serial measurements of SACE concentration will 
prove to be a good prognostic indicator of disease activity the appropriate 
study correlating ultimate outcome with serial SACE measurements has not been 
done. Since SACE has been correlated only with clin i cal parameters of activity, 
the measurement of the enzyme concentration cannot be more precise than fol
lowing the patient clinically . In my opinion, the data are very suggestive 
that this laboratory test may be helpful in estimating appropriate steroid 
dosage, but add i tional data are necessary before a f i nal judgment can be made. 
Thus, at present, measurements of. SACE should simply used as a part of the 
overall assessment of the patient. 
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Sarcoidosis is a multi-system granulomatous disorder of unknown etiology 
most commonly affecting young adults. When present, symptoms are usually con
stitutional or respiratory, and abnormal physical findings most commonl y 
include lymphadenopathy, hepatomegaly, splenomegaly, skin or eye l esions. The 
most common initial radiographic finding is bilateral hilar adenopathy with or 
without parenchymal lung infiltrates. Laboratory findings are nonspecific but 
are likely to include hyperglobulinemia, abnormal liver function tests and 
cutaneous anergy. The highest diagnostic yield with the lowest compli cation 
rate is obtained by biopsy of classical skin lesions when present or trans
bronchial biopsy by fiberoptic bronchoscopy. The course of the disease cannot 
be predicted precisely in an individual patient, and pulmonary function tests 
are more helpful in following patients than radiographs or usual laboratory 
procedures. The outcome is satisfactory in 75% of persons with diagnosed 
sarcoidosis. 

Recent studies have suggested that the disease is initiated by t he pu lmo
nary deposition of an antigen or antigens which incite an interstitial pneu
monitis of activated T lymphocytes with an imbalance of helper to suppressor 
cells. The T lymphocytes result in granuloma formation and nonspecific acti va
tion of B lymphocytes. An assessment of lung lymphocytes by bronchoal veolar 
lavage and by gallium scanning has been suggested as a means of predicting the 
course of the disease and the need for steroid therapy, but the clinical 
validity of these procedures has not been documented. The measurement of 
serum angiotensin converting enzyme may be helpful to indicate disease activity 
when used with other features, but the ultimate role of this laboratory aid 
also awaits additional long-term studies. 
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