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From the pathological point of view, sarcoidosis is characterised by the formation of
small, granular inflammatory lesions (granulomas). The word "granuloma" comes from
the Latin word "granum," meaning grain or seed. This characteristic lesion of sarcoidosis
is a discrete, compact, noncaseating epithelioid cell granuloma (fig. 1a and b).

The epithelioid cell granulomas consist of highly differentiated mononuclear
phagocytes (epithelioid cells and giant cells) and lymphocytes (fig. 2a). The central
portion of the granuloma consists predominantly of CD4z lymphocytes, whereas CD8z
lymphocytes are mainly located in the peripheral zone [1–3]. A proportion of these CD4z
lymphocytes exhibit a "memory" phenotype, as defined by the expression of CD45RO, as
well as proliferation and activation markers (Ki67, CD25) [3, 4]. Sarcoid granulomas
may develop fibrotic changes that usually begin at the periphery and travel centrally,
ending with complete fibrosis and/or hyalinisation. Granulomas may occasionally exhibit
focal coagulative necrosis [1]. It has been suggested that necrotising sarcoid
granulomatosis may be a variant of sarcoidosis [2]. On electron microscopy, well
developed epithelioid cells show numerous cytoplasmic projections with frequent
interdigitations. The morphology suggests a secretory function [1, 5]. These cytoplasmic
inclusions, including basophilic calcifications (Schaumann’s bodies) and lucent,
birefringent calcium oxalate crystals, can be valued using polarising microscopy.

The morphological diagnosis of pulmonary sarcoidosis relies on three main findings:
1) the presence of tight, well-formed granulomas and a rim of lymphocytes and fibro-
blasts in the outer margin of granulomas; 2) perilymphatic interstitial distribution of

a) b)

Fig. 1. – Pulmonary sarcoidosis: numerous large epithelioid granulomas are present, mainly located along
lymphatic routes (a and b). Haematoxylin and eosin staining. b) Scale bar=10 mm.
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granulomas (which allows transbronchial biopsies to be used as sensitive diagnostic
tools; fig. 2b and c); and 3) exclusion of an alternate cause [6–7]. The granulomas are
distributed along the pulmonary lymphatics, in the pleura and septa and along
pulmonary arteries, veins, and bronchi. This distribution along lymphatic routes is one of
the most helpful features in recognising sarcoidosis and in distinguishing it from other
forms of granulomatous pulmonary disease. Small foci of fibrinoid necrosis may be seen
in the granulomas. The extent of granulomas identified histologically often correlate with
the changes on chest radiograph, but do not necessarily correlate with pulmonary
function tests [5]. Lung tissue from patients with sarcoidosis demonstrated at an
extrapulmonary site and normal chest radiographs often show scattered granulomas,
either singly or as small confluent masses along lymphatic routes, too small to be
radiographically visible, especially on conventional chest radiographs. More than half
the cases of pulmonary sarcoidosis show histological involvement of pulmonary arteries
or veins or both [1, 4, 8]. However, pulmonary hypertension caused by extensive vascular
involvement in sarcoidosis is extremely rare [9–11]. More often, pulmonary hypertension
in sarcoidosis is related to massive lung fibrosis and honeycombing, with loss of more
than half the capillary bed. Small and large airways can also be involved by granulomas,
and measurable airflow obstruction occurs in a small percentage of cases [12, 13], with
segmental bronchial stenoses being a frequent cause. Granulomas in the mucosa and the

a) b)

d)c)

Fig. 2. – a) The morphology of granuloma is evidenciated at higher magnification, including numerous
epithelioid macrophages, a giant cell and a minority of lymphocytes. b) The location of a granuloma near a
lymphatic vessel is evidenciated by immunostaining for podoplanin (a marker of lymphatic endothelium). c) All
lymphocytes associated to macrophages within a granuloma all T-cells, as defined by their expression of CD3.
d) CD68 expression in epithelioid and giant cells.
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submucosa of large airways may be visible as multiple small nodules at bronchoscopy.
The presence of granulomas in the pleura of patients with sarcoidosis is relatively
common, although clinical evidence of pleural disease is quite unusual [14]. Fewer than
10% of patients have evidence of a pleural effusion, which may be small, asymptomatic,
and transient, or massive and associated with significant symptoms [15]. Kanada et al.
[16] described a case of sarcoidosis in which there was massive pleural thickening by
granulomas and severe respiratory compromise.

Various other diseases can cause the formation of granulomas. In tuberculosis, the
centres of the granulomas become so isolated that the cells probably die for a variety of
causes, including oxygen shortage and accumulation of toxic substances produced by the
macrophages and leukocytes that make up the granuloma (e.g. tumour necrosis factor).
The dead tissue resembles a soft, cheesy substance, so the process is called caseation. In
contrast, sarcoid granuloma is never caseating, although small foci of fibrinoid necrosis
can occasionally be observed. Regional lymph nodes draining carcinomas can
occasionally show the presence of noncaseating epithelioid cell granulomas (sarcoid
reactions) with an average frequency of 4.4% [17–18]. In seminoma/disgerminoma,
sarcoid-like granulomas can be present in the primary tumours in a significant number of
cases, and can represent a diagnostic challenge in small mediastinal biopsies.

Epithelioid granulomas can be observed in Hodgkin’s and non-Hodgkin’s lymphomas.
Biopsy specimens of liver and spleen obtained at laparotomy for the staging of Hodgkin’s
disease and non-Hodgkin’s lymphomas show granulomas with an average frequency of
13.8% and 7.3% respectively [17–18]. A total of 15–20% of biopsy samples with
granulomatous lesions have an undetermined aetiology. These patients have a disease
process that has been named GLUS syndrome (granulomatous lesions of unknown
significance) [19]. Immunohistologically, GLUS syndrome granulomas are B-cell
positive, as are tumour-related sarcoid reactions and toxoplasmosis. However,
granulomas in sarcoidosis and mycobacterial infection are B-cell negative [20].

Granulomas may or may not be found in the rare cases that progress to honeycombing
[21]. In cases with marked airway involvement, bronchiectasis may develop that can
represent a dominant feature of the honeycombing. Aspergilloma may be a late
complication in patients with bronchiectasis and honeycombing [22]. If untreated, these
lesions can become scarred.

Diagnostic approaches

The diagnosis of sarcoidosis needs a compatible clinical picture, histological
demonstration of noncaseating granulomas and exclusion of other diseases capable of
producing a similar histological or clinical picture. The presence of noncaseating
granulomas in a single organ, such as skin, does not establish a diagnosis of sarcoidosis.

Radiology

The chest radiographic findings vary to a great extent: 5–10% of patients have normal
chest radiographs despite the fact that granulomas in the lungs are identified
histologically. One-third of all patients (40% of Black patients) have both pulmonary
infiltrates and bilateral hilar lymph node enlargement. Another one-third have hilar or
lymph node enlargement alone, which is unilateral in 5%. Pulmonary infiltrates may be
reticular, reticulonodular, alveolar [23], or show a ground-glass appearance and are not
necessarily bilateral [24]. Peripheral pulmonary infiltrates, similar to those of chronic
eosinophilic pneumonia, can be occasionally observed in sarcoidosis [25]. Radiological
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staging systems have been in use for many years and are still of value in pulmonary
sarcoidosis. The chest radiographic evaluation of sarcoidosis was vastly improved by
conventional and high-resolution computed tomography (CT) of the chest. CT allows
identification of pathological changes not seen on conventional chest radiographs. These
techniques show remarkably good correlation with gross and microscopic changes. There
is a distribution of small nodules and irregular linear opacities along lymphatic routes,
particularly bronchovascular bundles [26, 27].

Bronchoalveolar lavage

This technique was first used to evaluate patients with sarcoidosis in the mid 1970s.
The initial results suggested a poorer prognosis for patients who hadw28% lymphocytes
in their bronchoalveolar lavage (BAL) cell differential. Subsequent studies have not
confirmed these early results, and some results suggest that patients with a high
lymphocyte count actually have a more favourable course. In BAL fluid, there is
generally a moderate increase in the total number of cells, and an increased percentage
(y15–60%) of CD4z T-lymphocytes. As a consequence, the CD4z:CD8z ratio will be
high. There are also reports on alveolitis in sarcoidosis dominated by CD8z cells [28],
and neutrophils may accumulate in more advanced fibrosing cases [29]. If T-cell
subpopulations are analysed, typically the CD4z:CD8z ratio is w1.5, usually ranging
from 3:1 to as high as 10:1. There may be prognostic significance to an elevated
CD4z:CD8zratio in BAL fluid, but again the results of studies addressing this issue are
conflicting. Several suggest that pulmonary function values and prognosis are inversely
related to the ratio, whereas others suggest that radiographic improvement in pulmonary
infiltrates is greater with a high CD4z:CD8z ratio. These discrepancies may be due to
inclusion of patients with acute onset disease, i.e. Löfgren’s Syndrome, who typically
have an elevated CD4z:CD8z and a favourable prognosis. Subjects with more chronic
disease may also have an elevated CD4z:CD8zratio but overall their prognosis is not as
good as those with the acute onset of disease [29]. For now, the role of BAL in the
management of sarcoidosis remains ill-defined. Although it cannot reliably diagnose this
disease, it is helpful in assessing the presence of infection and other immunological
diseases of the lung, such as chronic hypersensitivity pneumonitis, where the
CD4z:CD8z ratio is typically inverted. If there is an experienced BAL laboratory
available to analyse the fluid, doing a BAL as part of the initial workup of a patient with
suspected sarcoidosis is justified.

Transbronchial needle aspiration

Transbronchial needle aspiration (TBNA) is a minimally invasive bronchoscopic
procedure that allows sampling of hilar and mediastinal lymph nodes in close contact
with the airways. In a recent study, the authors assessed the value of TBNA in the
diagnosis of sarcoidosis manifesting with intrathoracic lymphadenopathies (stages I
and II), and compared its yield with that of transbronchial biopsy (TBB) [30]. The
conclusions of this study suggest that a diagnostic approach combining TBNA and TBB
is safe and effective in the setting of stage I and II sarcoidosis. It also confirmed the value
of TBNA, with excellent diagnostic yields, especially in stage I of the disease. In
particular, the combination of the two methods was associated with the highest
diagnostic yield (93.7% overall sensitivity), and allowed significantly better results over
both TBNA alone (93.7% versus 65.6%; p=0.011) and TBB alone (93.7% versus 62.5%;
p=0.005).
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Biopsy

Although the clinical and radiological features in some cases are so typical that a
presumptive diagnosis of sarcoidosis can be made without histological confirmation, it is
generally agreed that histological confirmation should be obtained before institution of
steroid therapy [14]. TBB is the recommended procedure in most cases. Its diagnostic
yield depends largely on the experience of the operator, ranging 40–90% when four to five
lung biopsies are carried out [31–32]. TBBs show features compatible with the diagnosis
of sarcoidosis in 65–80% of cases, with the highest positive rate in patients with both hilar
lymphadenopathy and pulmonary infiltrates [33]. In one study it was found that four or
more TBB specimens yielded a diagnostic rate of 90% [31]. TBB may yield positive results
even in patients with normal chest radiographs. The use of a restricted panel of
monoclonal antibodies, such as CD68z and CD45RO, can significantly increase the
sensitivity of histological recognition of sarcoid lesions in small, occasionally crunched,
TBBs (fig. 2d) [34].

In the absence of the typical clinical circumstances, a diagnosis of sarcoidosis based
solely on TBB alone is very risky, particularly if poorly formed or only a few granulomas
are present. TBNA has been used to confirm the presence of granulomatous tissue in the
sampled nodes and to complement TBB but it has the same limitations that apply to TBB
alone. Bronchial mucosal biopsy may be performed during the same procedure; it is
positive for noncaseating granuloma in 41–57% of patients with sarcoidosis [35–37]. A
careful examination of the patient may disclose other possible sites for biopsy, such as
skin, lips, or superficial lymph nodes. A granulomatous scar (a fresh granulomatous
reaction on the site of an old scar) may be a very useful site for biopsy. It is not useful to
biopsy erythema nodosum lesions since they will not show granulomas. Liver biopsy is
rarely indicated, even if there is biochemical or clinical evidence of liver involvement.
Finally, the diagnostic yield of biopsy by mediastinoscopy or video-assisted thoraco-
scopic (VTLB) or open lung biopsy [38] is reported to bew90%. VTLB has the advantage
of permitting biopsy of both the lung and lymph nodes.

In conclusion, to provide histological confirmation of the disease, the bronchial
mucosal biopsy should also be taken, since the histological demonstration of granuloma
is possible in 40–60% of cases, even when the bronchial mucosa is grossly normal. When
gross endoscopic findings, such as mucosal nodularity, oedema or hypervascularity are
present, the yield of endobronchial biopsies may exceed 90% [39]. TBB through a
fibreoptic bronchoscope is the recommended procedure in most cases [33]. The diagnostic
yield is high, reaching 80–90% if i4–5 adequate samples are obtained [31]. Even in stage
I disease, the yield may be 70–80% [40]. These bronchoscopic biopsy procedures may be
combined with BAL and studies of lymphocyte subpopulations. Three independent
groups have shown very similar values for the sensitivity and specificity of BAL
CD4z:CD8z ratios [41–43]. A ratio of w3.5 or 4.0 has a sensitivity of 52–59% and a
specificity of 94–96%. These three studies reached a similar conclusion: in patients with a
clinical picture typical of sarcoidosis, an elevated CD4z:CD8z ratio in BAL may
confirm the diagnosis and obviate the need for confirmation by additional biopsy [44]. It
is important to note that in the study of Winterbauer et al. [42], TBB had a specificity of
89% for the distinction between sarcoidosis and other forms of diffuse lung disease, and
was, therefore, no better than the CD4z:CD8z ratio in this regard.

Differential diagnosis of various granulomatous disorders

Noninfectious environmental agents. It is assumed that sarcoidosis is caused by
inhalation of airborne agents in susceptible persons triggering the inflammatory reaction.
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The noninfectious environmental agents can elicit a granulomatous response with many
features that are similar to sarcoidosis, e.g. beryllium (Be), aluminium dusts and
zirconium (Zr) [45–47]. In particular, Berylliosis is an environmental chronic
inflammatory disorder of the lung caused by inhalation of insoluble Be dusts and
characterised by the accumulation of CD4z T-cells and macrophages in the lower
respiratory tract. In response to Be inhalation, noncaseating granuloma form and,
eventually, fibrosis occurs. The immunopathogenic process is maintained by Be-specific
lung CD4z T-lymphocytes. Consistent with the disease immunopathology, these Be-
specific T-cells have a T-helper type-1 phenotype producing interleukin-2 and interferon-
gamma, the macrophage-activating cytokine driving the granulomatous reaction [48, 49].
However, De Vuyst et al. [45] in a case report suggests that also aluminium may cause
granulomatous lung disease accompanied by a helper T-lymphocyte alveolitis, similar to
that of berylliosis. Furthermore, it has been suggested in some subjects a special
susceptibility responsible for the development of a granulomatous disease after Zr
exposure occurs. In any case, Zr must be considered as another metal, besides Be, which
can cause pulmonary and generalised granulomatosis [50]. Finally, Drent et al. [51]
observed the association of sarcoid-like granulomatous reaction and occupational history
of glass fibre exposure and that, in susceptible people, exposure to other man-made
mineral fibres, such as rock wool, might be related to a chronic granulomatous disease
similar to chronic Be disease. Histologically similar granulomatous disease has been
associated with a variety of other metals including barium, cobalt, copper, gold, rare earth
metals (lanthanides) and titanium [52].

Therefore, the accurate diagnosis of sarcoidosis depends on a stringent inquiry of
potential exposures to both organic and inorganic antigens. Finally, the host itself has
been considered a potential source of autoreactive granuloma-inducing antigens,
although the possibility that sarcoidosis is an autoimmune disorder is not supported by
any evidence. As granulomatous inflammation is the histological hallmark of sarcoidosis,
investigators continue to improve and apply modern diagnostic tools in search for
infectious agents, such as mycobacteria, which are known to induce a host
granulomatous response [53]. To date, there is no evidence that sarcoidosis is caused
by an infectious agent.

Infectious environmental agents. Infections are the commonest causes of disseminated
granulomatous disease. For instance, cat scratch disease is due to Bartonella henselae and
Whipple’s disease due to Tropheryma whippeli. Infective causes are suspected but not yet
established for sarcoidosis, Crohn’s disease, primary biliary cirrhosis, Kikuchi’s disease,
Langerhans’ granulomatosis, and chronic granulomatous disease of childhood.
Granulomatous fungal infections mimic sarcoidosis worldwide. It is important to
recognise or exclude fungi localised to one system or disseminated; in particular,
granulomatous fungal meningitis needs to be distinguished from sarcoidosis by all
available techniques.

Whipple’s Disease is also a chronic multisystemic granulomatous disorder. There may
be hepatosplenomegaly and generalised lymphadenopathy, but there is evidence for
Whipple’s disease also presenting with large pulmonary nodules and endobronchial
lesions and for the absence of gastrointestinal features [54]. Furthermore, a case of
systemic Whipple’s disease with pericardial and pleural effusions and severe pulmonary
hypertension has been described, where 3 months of antibiotic treatment produced a
complete resolution, not only of the symptoms known to be associated with Whipple’s
disease (diarrhoea, arthralgia, pericardial and pleural effusions), but also of pulmonary
hypertension [55]. Biopsy of lymph node, liver, or small intestine reveals foci of periodic
acid-schiff (PAS) staining foamy macrophages in all sites. The PAS-positive material
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within these histiocytes corresponds with lysosomes containing bacilliform bodies.
Electron microscopy reveals rod shaped bacilli, termed Whipple bacilli or T. whippelii or
Whipple-associated bacterial organisms [56]. The resulting PCR product from the
bacterial 16S ribosomal DNA showed that Whipple bacilli were most likely to belong to
the family of gram-positive bacteria of the rhodococcus, streptomyces and arthrobacter
genera, and more weakly related to mycobacteria. PCR primers for T. whippeli now
provide a helpful diagnostic technique.

Other causes of granulomatous inflammation. The family of vasculitic granulomatoses
comprise Wegener’s granulomatosis, necrotising sarcoidal granulomatosis, Churg-
Strauss syndrome, lymphomatoid granulomatosis, polyarteritis nodosa, broncho-
centric granulomatosis, giant cell arteritis, and systemic lupus erythematosus. They
may occasionally be confused with sarcoidosis and hypersensitivity pneumonitis (extrinsic
allergic alveolitis), so a careful clinico-pathological synthesis is essential

Finally, the commonest cause of granulomatous inflammation in the gastrointestinal
tract is Crohn’s disease. This reaction seems to centre on the blood vessels of the
intestinal wall causing multifocal gastrointestinal infarction. There may be associated
lung changes, including pulmonary vasculitis, granulomatous interstitial lymphocytic
infiltration, alveolitis, and interstitial fibrosis. Alveolar macrophages may show an
increased spontaneous superoxide anion production. An increase in CD4zcells is found
in BAL fluid and even in sputum. Serum antibody increases include anti-reticulin
antibody, anti-saccharomyces cerevisiae antibody (ASCA), and p-anti-neutrophil
cytoplasmic antibody (ANCA). There is concordance between ASCA and ANCA.
ASCA occurs in up to 60% of patients, particularly with familial Crohn’s disease, and
ASCA is evident in 20% of first-degree relatives [57, 58].

Summary

Sarcoidosis is a chronic, multisystemic disorder of unknown cause characterised in
involved organs by an accumulation of activated CD4z T-cells and macrophages,
noncaseating epithelioid cell granuloma, and tissue injury. The diagnosis is established
when clinico-radiological findings are supported by histological evidence of
noncaseating epithelioid cell granulomas. Granulomas of known causes and local
sarcoid reactions must be excluded.

Keywords: Bronchoalveolar lavage, CD4z lymphocytes, hilar lymph node enlarge-
ment, noncaseating granuloma, sarcoidosis, transbronchial needle aspiration.

References

1. Rosen Y. Sarcoidosis. In: Dail DH, Hammer SP, eds. Pulmonary Pathology, 2nd Edn. New York,

Springer-Verlag, 1994; pp. 13–645.

2. Colby TV. Interstitial lung diseases. In: Thurlbeck W, Churg A, eds. Pathology of the Lung, 2nd

Edn. New York, Thieme Medical Publishers, 1995; pp. 589–737.

3. Semenzato G, Chilosi M, Agostini C. Sarcoidosis: Immunology and immunohistology. In:

Sarcoidosis and other granulomatous disorders. James DG, ed. Lung Biology in Health and

Disease. Vol 73. New York, Marcel Dekker, 1994; pp. 153–179.

V. POLETTI ET AL.

88



4. Chilosi M, Menestrina F, Capelli P, et al. Immunohistochemical analysis of sarcoid granulomas.

Evaluation of Ki67z and interleukin-1z cells. Am J Pathol 1988; 131: 191–198.

5. Sheffield EA, Williams WJ. Pathology. In: James DG, ed. Sarcoidosis and Other Granulomatous

Disorders. New York, Marcel Dekker, 1994; pp. 45–67.

6. Tuder RM. A pattologist’s approach to interstitial lung disease. Curr Opin Pulm Med 1996; 2: 357–

363.

7. Freiman DG, Hardy HL. Beryllium disease. The relation of pulmonary pathology to clinical

course and prognosis based on a study of 130 cases from the U.S. beryllium case registry. Hum

Pathol 1970; 1: 25–44.

8. Rosen Y, Moon S, Huang C-T, Gourin A, Lyons HA. Granulomatous pulmonary angiitis in

sarcoidosis. Arch Pathol Lab Med 1977; 101: 170–174.

9. Levine BW, Saldana M, Hutter AM. Pulmonary hypertension in sarcoidosis: A case report of a

rare but potentially treatable cause. Am Rev Respir Dis 1971; 103: 413–417.

10. Schachter EN, Smith GW, Cohen GS, Lee SH, Lasser A, Gee BL. Pulmonary granulomas in a

patient with pulmonary venoocclusive disease. Chest 1975; 7: 487–489.

11. Smith L, Lawrence B, Katzenstein M. Vascular sarcoidosis: A rare cause of pulmonary

hypertension. Am Med Sci 1983; 285: 38–44.

12. Dines DE, Stubbs SE, McDougall C. Obstructive disease of the airways associated with stage I

sarcoidosis. Mayo Clin Proc 1978; 53: 788–791.

13. Stjernberg N, Thunell M. Pulmonary function in patients with endobronchial sarcoidosis. Acta

Med Scand 1984; 215: 121–126.

14. Harkleroad LE, Young RL, Savage P, Jenkins DW, Lordon RE. Pulmonary sarcoidosis: Long-

term follow-up of the effects of steroid therapy. Chest 1982; 82: 84–87.

15. Nicholls A, Friend AR, Legge S. Sarcoid pleural effusion: Three cases and review of the literature.

Thorax 1980; 35: 277–281.

16. Kanada D, Scott D, Sharma OP. Unusual presentations of pleural sarcoidosis. Br Dis Chest 1980;

74: 203–205.

17. Brincker H. Sarcoid reactions in malignant tumors. Cancer Treat Rev 1986; 13: 147–156.

18. Romer F. Sarcoidosis and Cancer. In: James DG, ed. Sarcoidosis and Other Granulomatous

Disorders. New York, Marcel Dekker, 1994; pp. 401–415.

19. Brincker H.: Granulomatous lesions of unknown significance: the GLUS syndrome. In: James D,

ed. Sarcoidosis and Other Granulomatous Disorders. New York, Marcel Dekker, 1994; pp. 69–86.

20. Brincker H, Pedersen NT. Immunohistologic separation of B-cell-positive granulomas from B-cell-

negative granulomas in paraffin-embedded tissues with special reference to tumor-related sarcoid

reactions. Apmis 1999; 199: 282–290.

21. Huang CT, Heurich AE, Sutton AL, Lyons HA. Mortality in sarcoidosis: A changing pattern of

the causes of death. Eur Respir Dis 1981; 62: 231–238.

22. Wollschlager C, Khan F. Aspergillomas complicating sarcoidosis: A prospective study in 100

patients. Chest 1984; 86: 585–588.

23. Battesti P, Saumon G, Valeyre D, et al. Pulmonary sarcoidosis with an alveolar radiographic

pattern. Thorax 1982; 37: 448–452.

24. Demicco WA, Fanburg BL. Sarcoidosis presenting as a lobar or unilateral lung infiltrate. Clin

Radiol 1982; 33: 663–669.

25. Glazer HS, Levitt RG, Shackelford GD. peripheral pulmonary infiltrates in sarcoidosis. Chest

1984; 86: 741–744.

26. Oberstein A, von Zitzewitz H, Schweden F, Muller-Quernheim. Non invasive evaluation of the

inflammatory activity in sarcoidosis with high-resolution computed tomography. Sarcoidosis Vasc

Diffuse Lung Dis 1997; 14: 65–72.

27. Drent M, De Vries J, Lenters M, et al. Sarcoidosis: assessment of disease severity using HRCT.

Eur Radiol 2003; 13: 2462–2471.

28. Agostini C, Trentin L, Zambello R, et al. CD8 alveolitis in sarcoidosis: incidence, phenotypic

characteristics, and clinical features. Am J Med 1993; 95: 466–472.

PATHOLOGY

89



29. Lin YH, Haslam PL, Turner-Warwick M. Chronic pulmonary sarcoidosis: relationship between

lung lavage cell counts, chest radiograph, and results of standard lung function tests. Thorax 1985;

40: 501–507.

30. Trisolini R, Lazzari Agli L, Cancellieri A, et al. Transbronchial needle aspiration improves the

diagnostic yield of bronchoscopy in sarcoidosis. Sarcoidosis Vasc Diffuse Lung Dis 2004; 21: 147–

151.

31. Gilman MJ, Wang KP. Transbronchial lung biopsy in sarcoidosis. An approach to determine the

optimal number of biopsies. Am Rev Respir Dis 1980; 122: 721–724.

32. Poletti V, Patelli M, Spiga L, Ferracini R, Manetto V. Transbronchial lung biopsy in pulmonary

sarcoidosis. Is it an evaluable method in detection of disease activity? Chest 1986; 89: 361–365.

33. Hunninghake GW, Costabel U, Ando M, et al. American Thoracic Society/European Respiratory

Society/World Association of Sarcoidosis and Other Granulomatous Disorders: statement on

sarcoidosis. Sarcoidosis Vasc Diffuse Lung Dis 1999; 16: 149–173.

34. Menestrina F, Lestani M, Mombello A, et al. Transbronchial biopsy in sarcoidosis: the role of

immunohistochemical analysis for granuloma detection. Sarcoidosis. 1992; 9: 95–100.

35. Bjermer L, Thunell M, Rosenhall L, Stjernberg N. Endobronchial biopsy positive sarcoidosis:

relation to broochoalveolar lavage and course of disease. Respir Med 1991; 85: 229–234.

36. Stjernberg N, Bjomstad-Pettersen H, Truedsson H. Flexible fiberoptic bronchoscopy in

sarcoidosis. Acta Med Scand 1980; 208: 397–399.

37. Armstrong JR, Radke JR, Kvale PA, Eichenhorn MS, Popovich J Jr. Endoscopic findings in

sarcoidosis. Characteristics and correlations with radiographic staging and bronchial mucosal

biopsy yield. Ann Otol Rhinol Laryngol 1981; 90: 339–343.

38. Gossot D, Toledo L, Fritsch S, Celerier M. Mediastinoscopy versus thoracoscopy for mediastinal

biopsy. Results of a prospective nonrandomized study. Chest 1996; 110: 1328–1331.

39. Armstrong JR, Radke JR, Kvale PA, et al. Endoscopic findings in sarcoidosis. Ann Otol 1981;

90: 339–434.

40. Kopp C, Perruchoud A, Heitz M, Dalquen P, Herzog H. Transbronchiale Lungenbiopsie bei

Sarkoidose. [Transbronchial lung biopsy in Sarcoidosis]. Klin Wschr 1983; 61: 451–454.

41. Costabel U, Zaiss AW, Guzman J. Sensitivity and specificity of BAL findings in sarcoidosis.

Sarcoidosis 1992; 9: Suppl. 1, 211–214.

42. Winterbauer RH, Lammert J, Selland M, Wu R, Springmeyer CD. Bronchoalveolar lavage cell

populations in the diagnosis of sarcoidosis. Chest 1993; 104: 352–361.

43. Thomeer M, Demedts M. Predictive value of CD4/CD8 ratio in bronchoalveolar lavage in the

diagnosis of sarcoidosis. Sarcoidosis Vasc Diffuse Lung Dis 1997; 14: Suppl. 1, 36.

44. Costabel U. CD4/CD8 ratios in bronchoalveolar lavage fluid: of value for diagnosing sarcoidosis?

Eur Respir J 1997; 10: 2699–2700.

45. De Vuyst P, Dumortier P, Schandene L, Estenne M, Verhest A, Yemault JC. Sarcoidlike lung

granulomatosis induced by aluminum dusts. Am Rev Respir Dis 1987; 135: 493–497.

46. Skelton HG 3rd, Smith KJ, Johnson FB, Cooper CR, Tyler WF, Lupton GP. Zirconium

granuloma resulting from an aluminum zirconium complex: a previously unrecognized agent in the

development of hypersensitivity granulomas. J Am Acad Dermatol 1993; 28: 874–876.

47. Newman LS. Beryllium disease and sarcoidosis: clinical and laboratory links. Sarcoidosis 1995;

12: 7–19.

48. Saltini C, Amicosante M. Beryllium disease. Am J Med Sci 2001; 321: 89–98.

49. Infante PF, Newman LS. Beryllium exposure and chronic beryllium disease. Lancet 2004;

363: 415–6.

50. Werfel U, Schneider J, Rodelsperger K, et al. Sarcoid granulomatosis after zirconium exposure

with multiple organ involvement. Eur Respir J 1998; 12: 750.

51. Drent M, Bomans PH, Van Suylen RJ, Lamers RJ, Bast A, Wouters EF. Association of man-

made mineral fibre exposure and sarcoidlike granulomas. Respir Med 2000; 94: 815–820.

52. Newman LS. Metals that cause sarcoidosis. Semin Respir Infect 1998; 13: 212–220.

V. POLETTI ET AL.

90



53. Mangiapan G, Hance AJ. Mycobacteria and sarcoidosis: an overview and summary of recent

molecular biological data. Sarcoidosis 1995; 12: 20–37.

54. Kelly CA, Egan M, Rawlinson J. Whipple’s disease presenting with lung involvement. Thorax

1996; 51: 343–344.

55. Riemer H, Hainz R, Stain C, et al. Severe pulmonary hypertension reversed by antibiotics in a

patient with Whipple’s disease. Thorax 1997; 52: 1014–1015.

56. Spapen HDM, Segers O, DeWit N. Electron microscopic detection of Whipple’s bacillus in

sarcoidlike periodic acid-Schiff-negative granulomas. Dig Dis Sci 1989; 34: 640–643.

57. Vermeire S, Peeters M, Joossens S, et al. The value of anti-saccharomyces cerevisial antibodies

(ASCA) as clinical marker in Crohn’s disease (CD). Gastroenterology 1999; 116: 3647.

58. James DG, Jones Williams W. Sarcoidosis and other granulomatous disorders. Philadelphia, WB

Saunders, 1985.

PATHOLOGY

91


