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W N e

Abstract: Sarcoidosis is the classic multisystem granulomatous disease. First reported as a disorder
of the skin, it is now clear that, in the overwhelming majority of patients with sarcoidosis, the
lungs will bear the brunt of the disease. This review explores some of the key concepts in the
imaging of pulmonary sarcoidosis: the wide array of typical (and some of the less common) findings
on high-resolution computed tomography (HRCT) are reviewed and, with this, the concept of
morphologic/HRCT phenotypes is discussed. The pathophysiologic insights provided by HRCT
through studies where morphologic abnormalities and pulmonary function tests are compared are
evaluated. Finally, this review outlines the important contribution of HRCT to disease monitoring
and prognostication.
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1. Introduction

Sarcoidosis, the archetypal granulomatous disease, was first reported in the 19th
century by the physician Jonathan Hutchinson [1]. For a while thereafter, sarcoidosis was
considered a disorder of the skin. However, the multisystem nature of sarcoidosis was
soon realised, and it also became clear that the lungs bear the brunt in most patients [2—4].
The cardinal diagnostic finding on histopathologic examination is the non-necrotising or
non-caseating epithelioid cell granuloma [5,6]. Yet, despite the commonality of pathologic
features, it is also widely known that patterns of functional impairment, responses to
treatment and prognosis can vary considerably from patient to patient [7-10]. Indeed,
because of this, it has been posited that sarcoidosis might simply be a convenient ‘umbrella’
capturing what, in essence, are multiple different granulomatous diseases.

Imaging tests play a role not only in diagnosis but also in management and follow-up.
In the review that follows, we consider the common and some atypical patterns of lung
involvement in sarcoidosis. We also discuss the potential place of computed tomography
(CT) in ‘staging’, quantification of disease extent (leading to discussions on prognostication)
and clinical monitoring in sarcoidosis.

2. Imaging in Sarcoidosis—General Principles

Kuznitsky and Bittorf first reported the plain chest radiographic (CXR) abnormalities
in sarcoidosis early in the first half of the 20th century [11]. Attempts to better characterise
CXR appearances, first proposed by Wurm [12], were later modified by Scadding [13]. In
Scadding’s modification, CXR abnormalities are stratified based on the presence or absence
of intra-thoracic nodal enlargement and parenchymal disease. Despite the simplicity, the
clinical utility of this CXR staging system has been questioned: linkages with functional
tests [14,15] and patient-reported disease severity [16] are, at best, weak. The imperfect
interobserver agreement further limits the value of CXR staging [17]. Finally, it is worth
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emphasising that even the use of the term staging is misleading; in contrast to malignant
disease, there is no predictable, stepwise progression from ‘lower” to ‘higher” stages in
sarcoidosis [18].

2.1. Imaging in Sarcoidosis: Plain CXR vs. High-Resolution Computed Tomography

The last two decades have seen significant advances in imaging technologies. Yet,
the plain CXR, computed tomography (CT) and, specifically, high-resolution CT (HRCT),
remain the mainstays of imaging tests for interstitial lung disease. Plain CXR has the
benefits of relative technical simplicity, high spatial resolution, reasonably low cost and a
limited radiation burden. Against this, contrast resolution in CXR is lower than in CT, and
anatomical superimposition on CXR images also hampers diagnostic interpretation.

The advent of HRCT was a major step forward in the diagnosis of diffuse interstitial
lung diseases (DILDs): compared with standard CT images, spatial resolution and image
quality, in general, were enhanced by reducing section thickness [19-21] and the use of
a dedicated high-spatial-frequency (‘bone’) reconstruction algorithm [22]. The diagnostic
potential of HRCT was realised in the pivotal study by Mathieson and co-workers in which
three experienced, blinded observers independently reviewed CXRs and HRCT studies in
118 patients with DILDs [23]. The key findings were not only that observers were more
than twice as confident in formulating a diagnosis with HRCT (23% versus 49%) but also
that, when confident, the HRCT diagnosis was almost always correct. The advent of spiral
volumetric and, subsequently, multidetector computed tomography scanning has facilitated
the rapid (single breath-hold) acquisition of volumetric thin-section datasets yielding further
improvements in image quality [24,25]. Volumetric—as opposed to interspaced—thin-section
CT of the lungs is now the norm in most imaging departments. The reader should note
that for the purposes of the current review, the abbreviation CT will be used to refer to
volumetric HRCT acquisitions.

2.2. Imaging in Pulmonary Sarcoidosis: Other Imaging Modalities

Plain CXR and CT are almost always the first imaging tests requested in patients with
suspected or established lung disease. In specific clinical scenarios, other imaging tests
are brought to bear. Positron emission tomography (PET) using a radioactive tracer (most
commonly radio-labelled fluorodeoxyglucose ['*FDG]), is coupled with CT to pinpoint the
foci of metabolically ‘active’ disease. Accordingly, in pulmonary sarcoidosis, *FDG-PET/CT
may be used to assess the presence and extent of active inflammation [26]. Indeed, diffusely
increased PET avidity in lung parenchyma has been correlated with a significant decrease
in diffusion capacity for carbon monoxide in sarcoidosis (Dlco) [27]. Away from the lungs,
PET/CT has a more established role in the detection and monitoring of cardiac sarcoidosis,
with a reported sensitivity and specificity of 89% and 78%, respectively [28,29]. PET/CT also
has a potential role in detecting occult extra-thoracic disease in sarcoidosis [30-32].

Assessment of pulmonary disease with magnetic resonance imaging (MRI) is limited
by several factors, including poor signal-to-noise ratio, significant susceptibility artefact
at the interfaces between air and soft tissue, and respiratory and cardiac-related motion
artefacts during long scanning times [33]. Despite technical developments in MRI, such as
ultrashort echo times and parallel acquisition methods [34], the spatial resolution does not
allow distinction between finer morphological features, for instance, differentiating reticula-
tion from honeycombing [35]. As with PET/CT, MRI is more often utilised in the detection
of cardiac sarcoidosis, with 95% and 85% sensitivity and specificity, respectively [36], and it
is also sensitive, but not particularly specific, for neurosarcoidosis [37].

3. CT Detection and Diagnosis of Sarcoidosis
3.1. Intra-Thoracic Nodal Enlargement

Enlargement of mediastinal and hilar lymph nodes is a hallmark of sarcoidosis, re-
ported on CT in up to 84-97% of cases [38—41], and most commonly involving stations 4R,
7,11L and 11R [40]; the classical Garland’s triad of bilateral hilar and right paratracheal
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nodal enlargement will be known to most readers [42]. Not surprisingly, the distribution
and extent of nodal enlargement are best evaluated on CT [43]. On the whole, symmetrical
hilar nodal enlargement most often points to a diagnosis of sarcoidosis and away from
lymphoma, other malignancies and tuberculosis (TB); in TB, calcification is more often
unilateral and along predictable lymphatic drainage pathways [44]. Necrosis of lymph
nodes is recognised in sarcoidosis but should prompt a search for an alternative aetiology;,
such as TB [39]. Nodal calcification, present in 44-53% of patients, also tends to be bilateral
and may have a focal pattern (as opposed to complete, asymmetrical nodal calcification
which is more commonly observed in TB) [41,44]; so-called ‘egg-shell” calcification is also
reported [45]. An interesting variant is seen in some patients wherein the calcification has a
more ill-defined or ‘icing sugar’ quality [44] (Figure 1).

Figure 1. Axial CT in a patient with sarcoidosis. Images at a level below the aortic arch demonstrating
classical ‘icing sugar” calcification in mediastinal lymph nodes (arrows).

Precise localisation of intra-thoracic lymph nodes on CT may facilitate the planning of
endobronchial ultrasound-guided biopsy, a minimally invasive technique that can provide
a more definitive diagnosis in ambiguous clinico-radiological presentations [46].

3.2. Nodules

Lung nodules on CT are the most widely recognised and common CT manifestations
of sarcoidosis [7,47,48]. In a small series of 45 patients with suspected or known sarcoidosis,
nodules were present in 80% [7]. In a larger study of 95 patients by Remy-Jardin et al.,
a nodular pattern was present in 93% [49]. In the classical case, bronchocentric micron-
odules (measuring 1-3 mm in diameter), are seen in the mid and upper zones. Lung
nodules, corresponding to aggregates of microscopic epithelioid granulomata [50], may be
diffusely distributed throughout the lungs or, less frequently, localised to one or several
focal areas. The predilection for the axial interstitium (i.e., surrounding bronchovascular
bundles), accounts for the readily recognisable thickened, irregular perihilar and peribron-
chovascular appearance [48] (Figure 2). Irregular or nodular thickening of interlobular
septa—mimicking lymphangitis carcinomatosa—is recognised but is rarely a dominant
feature [51-53].
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Figure 2. CT at the level of the carina in the same patient as in Figure 1. There is a roughly symmetrical
bronchocentric micronodular infiltrate. More centrally, there is dense parenchymal opacification
caused by conglomeration of nodules around the bronchovascular structures.

Nodules along the subpleural surfaces (including the fissures) give rise to a char-
acteristic beaded appearance [54]. Less often, centrilobular or branching nodularity is
seen but this is usually in conjunction with a dominant pattern of bronchovascular nod-
ules [55,56]. Extensive nodularity in a random distribution is present in some patients
and, for obvious reasons, the distinction from disseminated TB or malignancy then not
only becomes important but also difficult, often mandating histopathologic/microbiologic
confirmation [57].

3.3. Masses and Consolidation

On occasion, granulomata coalesce to form larger nodules or masses, sometimes
manifesting as a pattern of consolidation [48,49]. Nodules measuring over 1 cm in max-
imum diameter have been reported in 15-53% of patients; these nodules tend to have
irregular margins and predominate in the mid and upper zones [50,58-60]. Despite the
occasional presence of air bronchograms (giving the impression of airspace involvement),
the large nodules and appearance of ‘consolidation’ are a consequence of conglomerated
granulomata and/or interstitial thickening as opposed to filling of the alveoli [50,61].

Clustering of micronodules around a larger central nodule gives rise to the so-called
‘galaxy sign’ [62], (Figure 3) reportedly seen in nearly one-third of patients [63], but not
pathognomonic for sarcoidosis [64].

3.4. Ground-Glass Opacification

The reported prevalence of ground-glass opacification on CT in sarcoidosis is highly
variable, ranging from 16 to 42%, with most instances of this pattern occurring in conjunc-
tion with other more common CT features [7,47,49]. Indeed, in the recent multinational
Delphi study of recognisable CT phenotypes in sarcoidosis, there was no consensus, among
a large body of experts, as to the existence of a predominant pattern of ground-glass opaci-
fication [65]. When present in sarcoidosis, ground-glass opacities most commonly reflect
multiple microscopic granulomata [50].
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Figure 3. Nodular sarcoidosis in a 46-year-old male patient. CT at the level of the aortic arch showing
large nodules with surrounding micronodules (the ‘galaxy sign’) in both upper lobes (arrows).

3.5. Airway Disease

Airway involvement in sarcoidosis is more prevalent on CT than generally appreciated;
the putative pathogenetic mechanisms of airway disease include inflammation, constriction
related to surrounding fibrosis and, in some cases, extrinsic compression. Non-specific and
mild bronchial wall thickening may be seen in nearly two-thirds of patients and correlates
with the presence of bronchial granulomata, erythema and oedema on endoscopy, evolving
to fibrotic bronchial stenosis in up to 14% [66,67]. In addition, the formation of granulomata
along the axial interstitium of the bronchovascular bundles may lead to extrinsic airway
narrowing. In fibrotic sarcoidosis, the airways may be distorted and abnormally dilated by
surrounding retractile fibrosis (i.e., traction bronchiectasis) (Figure 4a,b).

Figure 4. (a,b) Bilateral upper zone fibrosis with volume loss in two patients with sarcoidosis:
(a) striking peri-bronchovascular fibrosis with retractile airway dilatation (i.e., traction bronchiectasis)
and (b) CT through the upper lobes in a 64-yr-old male patient. Again, note the marked bronchocentric
reticulation with severe traction bronchiectasis, which is particularly severe on the right.
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Involvement of the small airways is a surprisingly common finding on CT in sarcoido-
sis: subtle mosaicism—reflecting obliterative bronchiolitis—is often visible and enhanced
on images obtained at end-expiration [68]. Limited involvement of less than 25% of the
lung is likely to be clinically insignificant, but air trapping is reported on expiratory phase
CT in the majority of patients [7,69-71] (Figure 5).

Figure 5. Small airway disease in sarcoidosis. Image through the lower zones shows a subtle but
definite mosaic attenuation pattern; there is a reduction in the number/calibre of vessels within the
lucent lung.

3.6. Pulmonary Fibrosis

Pulmonary fibrosis develops in 20-30% of patients [13,72]. The typical CT man-
ifestations include coarse linear opacities, bronchocentric reticulation causing volume
loss in the upper lobes and classical posterior retraction of the central bronchovascu-
lar structures [48,58] (Figure 6). Encasement of the bronchovascular bundles with con-
glomerate fibrosis masses may occur, with bronchial distortion and traction bronchiecta-
sis/bronchiolectasis [10,47,73]. Honeycombing is seen in a significant minority and, in
contrast to idiopathic pulmonary fibrosis (IPF), has a predilection for the mid-to-upper
zones [10,74]. That said, in some patients, sarcoidosis does appear to masquerade as IPF on
CT with basal predominant reticulation, ground-glass opacification and interlobular septal
thickening [75]. In a recent study by Collins et al., 25 patients with combined sarcoidosis
and IPF were reviewed [76]. Interestingly, the diagnosis of sarcoidosis was made, on aver-
age, a decade earlier than IPF; in 68%, sarcoidosis had been diagnosed on histopathologic
examination at the time of IPF diagnosis. More importantly, survival in patients with com-
bined disease was comparable to patients with classical IPF. Reports such as this raise the
question of whether patients with combined disease represent a novel sarcoid phenotype
or simply reflect a chance association (i.e., with IPF developing in patients with established
sarcoidosis) [77].
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Figure 6. CT through the upper zones in a 61-year-old patient with pulmonary sarcoidosis. There is
extensive disease with bronchocentric fibrosis manifest as a pattern of the consolidated lung. Note
that in the left upper lobe, there is evidence of cavitation with a small aspergilloma (arrow).

4. Uncommon CT Manifestations and Complications in Pulmonary Sarcoidosis
4.1. Cavitation

Cavitation in sarcoidosis is uncommon and seen in ~10% of patients with advanced dis-
ease [78]. Primary cavitary sarcoidosis is estimated to affect around 2% and, again, tends to
occur in patients with severe, ‘active” sarcoidosis [79]. Superimposed infection (particularly
with fungi or mycobacterial species) should always be considered in this context.

4.2. Fungal Colonisation

Fungal colonisation, most commonly with Aspergillus species, complicates between
3 and 12% of sarcoidosis cases with fibrocavitary (or fibrobullous) disease [80]. The ra-
diologic manifestation might be in the form of a simple aspergilloma within a densely
fibrotic lung, within a pre-existing bulla or grossly ectatic airway [81,82] (Figure 7). Sero-
logical and biochemical markers may be of value in diagnosis [83,84]. In a minority of
patients, untreated fungal colonisation will lead, over time, to chronic and extensive fibrotic
destruction [81].

4.3. Pleural Disease

Although generally considered rare, Szwarcberg et al. found that in a study of 61 pa-
tients with sarcoidosis, 41% had evidence of pleural involvement, predominantly in the
form of pleural thickening, and that this was associated with restrictive pulmonary dys-
function [85]. However, it is possible that inward retraction of the pleura and extrathoracic
soft tissue in the context of fibrotic pulmonary sarcoidosis might mimic pleural thickening,
and interstitial fibrosis also accounts for restrictive functional abnormality in some cases.
Pleural effusions are observed in under 10% of sarcoidosis patients [85,86]; reports of
pneumothorax are limited to case reports in the literature and are mostly accounted for as a
complication of bullous disease [87-90].
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Figure 7. Coronal reconstruction of fibrocavitary disease in sarcoidosis; there is a large cavity in the
left upper zone containing fungal material.

4.4. Pulmonary Hypertension

Pulmonary hypertension (PH), defined as mean pulmonary pressures above 20 mmHg [91],
affects between 5.7 and 12% of sarcoidosis patients and is associated with significantly
reduced pulmonary function [92-94]. While predominantly affecting those with CXR Stage
IV disease, sarcoidosis-associated PH (SAPH) is not limited to patients with fibrosis [95].
The pathophysiology of SAPH is multifactorial, including granulomatous involvement
of the vessel walls, vasoconstriction due to fibrosis and venous occlusion secondary to
lymphatic granulomas [96,97]. PH may also follow left heart disease in patients with
cardiac sarcoidosis.

Mean pulmonary artery diameter measurement (MPAD) of more than 29 mm or a
ratio of the diameter relative to the ascending aorta greater than 1 is suggestive of raised
pulmonary pressures (greater than 25 mmHg) and should be considered in decisions
concerning the need for formal assessment for PH [98]. Another feature suggestive of PH
on CT is a segmental artery-to-bronchus ratio greater than 1 in three of four lobes [99]. In a
small study by Nunes et al., septal lines were more frequently seen in patients with fibrotic
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sarcoidosis and PH than in those with fibrotic sarcoidosis without PH [100]. While CT
may prompt further workup, the absence of the described features does not exclude PH in
patients with sarcoidosis.

4.5. Halo/Reversed-Halo Sign

The ‘halo sign” on CT comprising a central nodule (or consolidation) with surrounding
ground glass opacification—also found in other pathologies (Including angioinvasive
aspergillosis and hypervascular metastases [101-103])—is an infrequent manifestation in
sarcoidosis, corresponding to aggregates of macrophages in the alveolar spaces surrounding
sarcoid granulomata [104]. A variant of this sign, the ‘reversed halo’ or ‘atoll” sign (once
touted as a highly specific sign for organising pneumonia [105]), is also recognised in
sarcoidosis, albeit rarely [106,107].

5. Disease Monitoring in Pulmonary Sarcoidosis

In any disease, monitoring seeks to identify patients with severe and/or progressive
disease which is almost inevitably associated with poorer outcomes [108-110]. With regard
to sarcoidosis—and, for that matter, any other interstitial lung disease (ILD)—it is also
worth stressing that monitoring disease behaviour where previously only a provisional or
‘working’ diagnosis was possible, might confirm the initial suspicion or, at least, suggest
diagnostic alternatives. As highlighted previously, one of the bigger challenges in sar-
coidosis is the heterogeneous nature of sarcoidosis: in many patients, complete resolution
occurs (or, at least, there is stabilization without treatment) whereas others face inexorable
deterioration culminating in end-stage fibrosis [111,112]. Indeed, the notion of sarcoidosis
as a ‘benign’ disorder is questionable, particularly given a recent large registry review [113].
Hambly and co-authors showed that just under one-third of 92 patients with sarcoidosis
fulfilled the criteria for progression (as per the INBUILD trial parameters [114]). That said,
in contrast with IPF, fibrotic hypersensitivity pneumonitis, ILDs related to connective tissue
disease and even unclassifiable ILDs, the intrinsic likelihood of progression in sarcoidosis is
lower. In sarcoidosis, this has implications not only for monitoring but also for the setting
of satisfactory ‘thresholds” by which progression is to be judged.

For most pulmonologists, establishing progression will be a three-pronged exercise:
firstly, a symptomatic assessment, second, evaluation of serial changes in pulmonary func-
tion tests (PFIs) and, finally, review of imaging tests (principally CXR and CT). In this
respect, it is worth stressing that while each might provide a clue, none is sufficiently sensi-
tive or specific in isolation. Another key challenge for the pulmonologist is determining
what constitutes significant change. A detailed critique of the advantages and limitations
of clinical assessment and PFTs is not the focus of the present article. Suffice it to say
that determining progression on the basis of patient-reported symptoms is not straight-
forward. For instance, worsening breathlessness, while being indicative of progression
in some might, equally, be the harbinger of pulmonary hypertension or a consequence of
infection associated with treatment. In contrast to symptomatic assessment, PFTs have the
benefit of greater objectivity. Yet, here too, there are important considerations: for instance,
minor serial changes in forced vital capacity (FVC), of <10%, in the absence of a decline
in Dlco should be interpreted with caution. Another consideration is that the estimation
of Dlco, an important physiologic marker of interstitial lung disease, is not consistent
across laboratories, making the evaluation of serial change based on Dlco measurement
more difficult.

Plain CXR and CT are the cornerstones of imaging assessment in sarcoidosis. The
limitations of CXR have been discussed briefly above and the diagnostic advantage of
CT is clear. Against this, it is worth emphasizing that the detection of a real change (for
instance, in the patterns or extent of disease) on CXR is still clinically meaningful, especially
so where serial changes in symptoms or function are equivocal. Admittedly, the exact
place or utility of CT in monitoring disease has not been defined. Suffice it to say that any
programme of monitoring sarcoidosis should probably also include a ‘baseline” CT against
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which change might be judged even though, as it stands, no national or international
guidelines recommend CT for this purpose. The latter situation may change following the
publication recently of the Delphi-based position statement showing high-level agreement
among experts on the need for baseline CT in patients with sarcoidosis and evidence of
interstitial lung disease [65].

CT monitoring in sarcoidosis serves a number of purposes (Table 1). In some patients,
the main issue will be to assess reversibility: in ‘classical’ nodular sarcoidosis, for instance,
significant or even complete resolution might be expected. By contrast, with predominant
upper zone bronchocentric fibrosis and volume loss, the prospects for improvement are
likely to be lower. Other indications for requesting serial CT will be to assess the response to
treatment and to identify those who progress despite management. With regard to the latter,
the evaluation of progression on CT can be difficult and this is compounded by inter-/intra-
observer variation and observer experience, to say nothing of the technical challenges
of CT interpretation (e.g., variation between CT scanners, scan-to-scan differences in
inspiratory effort, etc). Deciding what constitutes a significant change in CT also warrants
brief discussion—minor differences in the overall CT extent of the abnormal lung are best
disregarded, particularly in the absence of major symptomatic and/or functional decline.
Another point to remember is that progression should not solely be defined by an increase
in extent; a change in the pattern(s) of disease—for example, an increase in the severity of
traction bronchiectasis over time (for the same overall extent of abnormality)—can also
indicate that disease has progressed.

Table 1. Principal reasons for CT monitoring in pulmonary sarcoidosis.

Principal Reasons for CT Monitoring in Pulmonary Sarcoidosis

To chart disease behaviour in patients with an initial low confidence, provisional” diagnosis of sarcoidosis in whom integration
with serial PFTs and clinical features may modify diagnostic likelihoods.

To ascertain the likelihood of reversibility at baseline and/or during the natural course of the disease.

For the assessment of treatment response (including drug trials in sarcoidosis).

Prognostication based on the presence/absence of CT features (e.g., disease extent, traction bronchiectasis/bronchiolectasis
and honeycombing).

6. CT Phenotypes in Sarcoidosis

There are few (if any) disorders of the lung with such a plethora of possible imag-
ing manifestations. Added to this and given the considerable variability in functional
parameters, natural history, treatment response or outcomes, it is tempting to speculate
that the diagnostic label ‘sarcoidosis’ might simply refer to a multiplicity of entirely differ-
ent diseases. With this background, a recent multinational study sought consensus from
sarcoidosis experts on the existence of distinct morphological CT subtypes or ‘phenotypes’
of pulmonary sarcoidosis [65]. A total of 146 expert radiologists and pulmonologists from
28 countries took part in a Delphi study. Over two rounds—with ‘consensus’ defined as
>70% agreement among observers—the study investigators achieved agreement on seven
CT phenotypes comprising combinations of CT signs and patterns in sarcoidosis, broadly
divided into ‘non-fibrotic” and ‘likely to be fibrotic” subtypes (Table 2). Further work in
the field is certainly required to define the prevalence of different phenotypes (including
those for which no consensus was reached), observer agreement for their recognition of CT
and the physiological / prognostic impact, if any, of CT subtypes. However, studies of the
type listed above might pave the way for a ‘new’ classification of sarcoidosis based on CT
morphology which, in contrast with histopathologic features, may link more closely with
observed physiologic and/or prognostic differences in sarcoidosis.
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Table 2. CT phenotypes in sarcoidosis based on the expert opinion of pulmonologists and thoracic
radiologists [65].

CT Phenotype

Description

Non-fibrotic

Micronodular—peri-bronchovascular, peri-fissural and/or subpleural predilection, predominantly in
the mid/upper zones, with or without a minority component of larger nodules with surrounding
micronodules (i.e., ‘galaxy sign’), architectural distortion or volume loss

Nodular (>3 mm but <3 cm)—peri-bronchovascular, peri-fissural and/or subpleural predilection,
predominantly in the mid/upper zones, with or without a minority component of larger nodules
with surrounding micronodules (i.e., ‘galaxy sign’), architectural distortion or volume loss

Nodular (>3 mm but <3 cm)—random distribution

Consolidation as the dominant or sole pattern

Likely to be fibrotic

Bronchocentric reticulation without cavitation and/or fibro-bullous destruction and with or without
dense parenchymal opacification and/or a minority component of other CT abnormalities (e.g.,
delicate bands of ‘loose’ reticulation; enlarged peripheral pulmonary arteries, central pulmonary
artery enlargement or a mosaic attenuation pattern)

Bronchocentric reticulation with cavitation and/or fibro-bullous destruction and with or without
dense parenchymal opacification and/or a minority component of other CT abnormalities (e.g.,
delicate bands of ‘loose’ reticulation; enlarged peripheral pulmonary arteries, central pulmonary
artery enlargement or a mosaic attenuation pattern)

Bronchocentric masses (‘progressive massive fibrosis [PMF]-lookalike’) with or without a minority
component of other CT abnormalities (e.g., delicate bands of ‘loose’ reticulation; enlarged peripheral
pulmonary arteries, central pulmonary artery enlargement or a mosaic attenuation pattern)

7. Disease Quantification and Prognostication in Sarcoidosis
7.1. Morphological-Functional Relationships in Sarcoidosis

In pulmonary sarcoidosis, pulmonary function tests (PFIs) may be entirely normal, but
airflow obstructive, restrictive and mixed defects are widespread [8]. Not surprisingly, severe
restrictive ventilatory defects are usually associated with extensive fibrosis [110,115,116]. How-
ever, an obstructive defect, which is not typically associated with fibrotic ILDs other than
sarcoidosis, is also relatively common, even in patients with advanced fibrosis [15]. Diffu-
sion capacity (Dlco) is reduced in as many as two-thirds of patients with sarcoidosis [117],
variably reflecting interstitial disease and pulmonary vasculopathy [118].

The ability to characterize and quantify specific lung abnormalities on CT and relate
these to functional indices or outcomes has provided unique pathophysiologic insights
into many DILDs [119-127]. Similar structure—function studies have been undertaken in
sarcoidosis. For instance, lung nodules in pulmonary sarcoidosis, for the most part, appear
to be functionally ‘silent’ [7,49,128,129]. There are more intriguing linkages between a CT
reticular pattern and functional tests in sarcoidosis: in the study by Hansell et al., reticu-
lation was the dominant independent determinant of functional impairment, especially
airflow obstruction [7]. Moreover, an unexpected finding was that the extent of reticulation
was associated with indices of obstruction—more often than not, a CT reticular pattern
implies lung fibrosis which would cause functional restriction. It should be stated that, in
this same study, the extent of decreased attenuation (as part of a CT mosaic pattern) on
expiratory imaging also correlated with obstructive impairment but the relationship was
less strong than for reticulation [7].

In many patients with pulmonary sarcoidosis, a combination of CT patterns and signs
co-exist. For instance, Abehsera et al. identified three patterns of fibrotic sarcoidosis based
on the predominant lesions with very good interobserver agreement [10]. Pulmonary
restriction with a low diffusion capacity was mostly associated with the honeycomb pat-
tern, whereas obstructive indices were more often linked to bronchial distortion. Those
with a linear pattern generally had less severe functional impairment, except in cases of
‘distorted septal reticulation’, which correlated with pulmonary hypertension, perhaps as a
consequence of venous occlusion because of septal fibrosis [10].
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7.2. Reversible, Irreversible and Progressive Disease in Sarcoidosis

Of the variety of CT patterns reported in sarcoidosis, nodular infiltrates are most
likely to improve or resolve at follow-up [41]. Additionally, peribronchovascular thick-
ening, consolidation and ground-glass opacification also have the potential to resolve
completely [41,49,130], particularly with treatment [49] (Figure 8a,b). While linear opac-
ities may clear, Murdoch and co-workers found an increased likelihood of progression
over time and more so than with other morphologic features [41]. The natural history of
ground-glass opacities is more difficult to predict and this CT pattern is a poor predictor of
both disease activity and prognosis [41,49]. In part, this might be due to the non-specificity
of CT ground-glass opacification which might indicate ‘active’ (and therefore potentially
reversible) granulomatous inflammation or irreversible fine fibrosis below the limits of CT
resolution [50]. CT abnormalities tending to indicate irreversible disease include reticula-
tion, architectural distortion, honeycombing and traction bronchiectasis/bronchiolectasis.
However, while some patients inevitably progress despite treatment, relative stability
over time is more common in sarcoidosis-related ILD than in overtly progressive fibrotic
DILDs [108].

While risk factors such as black race and female sex have been associated with higher
rates of fibrotic pulmonary sarcoidosis [131,132], there are no formal, large-scale studies
that have identified reliable morphological predictors on CT. This may relate to the high
prevalence of asymptomatic disease [133] and the fact that patients are rarely observed
to progress from one recognisable ‘stage’ to another. In the authors” experience, fibrotic
sarcoidosis often presents with imaging features that appear disproportionately severe
when compared to symptoms and functional profiles.

7.3. Factors Contributing to and Predictors of Mortality in Sarcoidosis

Overall, the outlook for patients with pulmonary sarcoidosis is reasonably good
with a mortality rate of 0.5-4.8% [134]. Lung fibrosis in sarcoidosis is a harbinger of
ventilatory impairment leading to respiratory failure and death [109,135]. A study by
Nardi et al., focussing on a subgroup of 142 patients with fibrotic pulmonary sarcoidosis,
reported mortality as high as 11.3% with a mean age at death of just 55.2 years [110].
Pulmonary hypertension is an important independent predictor of mortality and, in the
context of sarcoidosis, has a 5-year survival rate of only 55% [109,136,137]. The prevalence
of sarcoidosis-associated pulmonary hypertension is higher in those with fibrosis but
correlates poorly with the extent of abnormality on CT; moreover, nearly one-third of SAPH
cases have no evidence of fibrosis on CT [95,100,136].

The utility of CT coupled with physiologic indices (including the composite physio-
logical index (CPI) which was first developed in IPF [119]), has been explored as a ‘staging’
system to predict mortality in sarcoidosis [138]. In this system, a CPI threshold of 40 units
was combined with the mean pulmonary artery to ascending aortic diameter ratio and an
extent of fibrosis of more than 20% to form an algorithm which was significantly more
predictive of outcome than any variable taken alone.
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Figure 8. (a,b): Reversible disease in sarcoidosis. Targeted images of the left mid-zone showing the
resolution of multiple random micronodules over time in (a) 2015 and (b) 2017.
8. Summary

Imaging tests have an established place in the management of sarcoidosis. In pa-
tients with ‘classical” appearances—either on CXR or CT—experienced radiologists will
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frequently offer a confident radiological diagnosis. In this regard, because of superior
contrast resolution and the absence of anatomical superimposition, CT outperforms CXR.
CT appearances in sarcoidosis vary considerably although expert opinion suggests that,
among the apparently myriad different morphologic manifestations, there are recognisable
CT phenotypes. Quantitative studies in which morphological abnormalities on CT are
related to functional indices have provided unique insights into the pathophysiology of
sarcoidosis and these have been discussed in the present review. Finally, the important role
of CT in monitoring sarcoidosis has been presented.

Author Contributions: Conceptualisation, A.U.W. and S.R.D.; Writing—Original draft preparation,
G.L.B.; Writing—Review and editing, A.U.W. and S.R.D.; Acquisition of figures—S.R.D. and G.L.B.;
Supervision—A.U.W. and S.R.D. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Informed Consent Statement: All images have been obtained from the patient population of the
Royal Brompton Hospital, London. There is a policy at this institution that all anonymised images
can be used for research purposes.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Sharma, O.P.; Shigemitsu, H. A historical sketch; life and time of Jonathan Hutchinson (1828-1913), the first sarcoidologist.
Sarcoidosis Vasc. Diffus. Lung Dis. 2008, 25, 71-75.

2. Neville, E.; Walker, A.N.; James, D.G. Prognostic factors predicting the outcome of sarcoidosis: An analysis of 818 patients. Q. J.
Med. 1983, 52, 525-533.

3. Hunninghake, G.W.; Gilbert, S.; Pueringer, R.; Dayton, C.; Floerchinger, C.; Helmers, R.; Merchant, R.; Wilson, J.; Galvin, J.;
Schwartz, D. Outcome of the treatment for sarcoidosis. Am. |. Respir. Crit. Care Med. 1994, 149 Pt 1, 893-898. [CrossRef] [PubMed]

4. Baughman, R.P; Teirstein, A.S.; Judson, M.A.; Rossman, Y.H., Jr.; Bresnitz, E.A.; Depalo, L.; Hunninghake, G.; lannuzzi, M.C;
Johns, C.J. Clinical characteristics of patients in a case control study of sarcoidosis. Am. J. Respir. Crit. Care Med. 2001, 164 Pt 1,
1885-1889. [CrossRef] [PubMed]

5. Ma, Y, Gal, A.; Koss, M.N. The pathology of pulmonary sarcoidosis: Update. Semin. Diagn. Pathol. 2007, 24, 150-161. [CrossRef]
[PubMed]

6.  Ricker, W. Sarcoidosis; a clinico pathological review of 300 cases, including 22 autopsies. Manit. Med. Rev. 1948, 28, 215.

7. Hansell, D.M.; Milne, D.G.; Wilsher, M.L.; Wells, A.U. Pulmonary sarcoidosis: Morphologic associations of airflow obstruction at
thin-section CT. Radiology 1998, 209, 697-704. [CrossRef]

8.  Kouranos, V,; Ward, S.; Kokosi, M.A; Castillo, D.; Chua, F; Judge, E.P.; Thomas, S.; Van Tonder, E; Devaraj, A.; Nicholson,
A.G.; et al. Mixed Ventilatory Defects in Pulmonary Sarcoidosis: Prevalence and Clinical Features. Chest 2020, 158, 2007-2014.
[CrossRef]

9.  Ungprasert, P; Ryu, ].H.; Matteson, E.L. Clinical Manifestations, Diagnosis, and Treatment of Sarcoidosis. Mayo Clin. Proc. Innov.
Qual. Outcomes 2019, 3, 358-375. [CrossRef]

10. Abehsera, M.; Valeyre, D.; Grenier, P,; Jaillet, H.; Battesti, ].P.; Brauner, M.W. Sarcoidosis with pulmonary fibrosis: CT patterns and
correlation with pulmonary function. AJR Am. J. Roentgenol. 2000, 174, 1751-1757. [CrossRef]

11.  Kuznitsky, E.; Bittorf, A. Boecksches Sarkoid mit Beteiligung innerer Organe. Miinchener Med. Wochenschr. 1915, 62, 1349-1353.

12. Wurm, K.; Meier, G. Therapeutic experiences with dexamethasone in pulmonary sarcoidosis (Boeck’s disease). Beitr. Klin. Tuberk.
Spezif. Tuberkuloseforsch 1960, 123, 98-110. [CrossRef] [PubMed]

13. Scadding, J.G. Prognosis of intrathoracic sarcoidosis in England. A review of 136 cases after five years’ observation. Br. Med. J.
1961, 2, 1165-1172. [CrossRef] [PubMed]

14. Karetzky, M.; McDonough, M. Exercise and resting pulmonary function in sarcoidosis. Sarcoidosis Vasc. Diffus. Lung Dis. 1996, 13,
43-49.

15. Harrison, B.D.; Shaylor, ] M.; Stokes, T.C.; Wilkes, A.R. Airflow limitation in sarcoidosis--a study of pulmonary function in 107
patients with newly diagnosed disease. Respir. Med. 1991, 85, 59-64. [CrossRef]

16. Yeager, H.; Rossman, M.D.; Baughman, R.P; Teirstein, A.S.; Judson, M.A.; Rabin, D.L.; lannuzzi, M.C.; Rose, C.; Bresnitz, E.A;

DePalo, L.; et al. Pulmonary and psychosocial findings at enrollment in the ACCESS study. Sarcoidosis Vasc. Diffus. Lung Dis.
2005, 22, 147-153.


https://doi.org/10.1164/ajrccm.149.4.8143052
https://www.ncbi.nlm.nih.gov/pubmed/8143052
https://doi.org/10.1164/ajrccm.164.10.2104046
https://www.ncbi.nlm.nih.gov/pubmed/11734441
https://doi.org/10.1053/j.semdp.2007.06.002
https://www.ncbi.nlm.nih.gov/pubmed/17882899
https://doi.org/10.1148/radiology.209.3.9844661
https://doi.org/10.1016/j.chest.2020.04.074
https://doi.org/10.1016/j.mayocpiqo.2019.04.006
https://doi.org/10.2214/ajr.174.6.1741751
https://doi.org/10.1007/BF02142475
https://www.ncbi.nlm.nih.gov/pubmed/13786924
https://doi.org/10.1136/bmj.2.5261.1165
https://www.ncbi.nlm.nih.gov/pubmed/14497750
https://doi.org/10.1016/S0954-6111(06)80211-8

J. Clin. Med. 2024, 13, 822 15 of 19

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.
43.

Baughman, R.P.; Shipley, R.; Desai, S.; Drent, M.; Judson, M.A.; Costabel, U.; du Bois, R.M.; Kavuru, M.; Schlenker-Herceg, R.;
Flavin, S.; et al. Changes in chest roentgenogram of sarcoidosis patients during a clinical trial of infliximab therapy: Comparison
of different methods of evaluation. Chest 2009, 136, 526-535. [CrossRef]

Zappala, C.J.; Desai, S.R.; Copley, S.J.; Spagnolo, R.; Cramer, D.; Sen, D.; Alam, S.M.; du Bois, R.M.; Hansell, D.M.; Wells, A.U.
Optimal scoring of serial change on chest radiography in sarcoidosis. Sarcoidosis Vasc. Diffus. Lung Dis. 2011, 28, 130-138.
Siegelman, S.S.; Zerhouni, E.A.; Leo, EP.; Khouri, N.E; Stitik, EP. CT of the solitary pulmonary nodule. AJR Am. J. Roentgenol.
1980, 135, 1-13. [CrossRef]

Murata, K.; Khan, A.; Rojas, K.A.; Herman, P.G. Optimization of computed tomography technique to demonstrate the fine
structure of the lung. Investig. Radiol. 1988, 23, 170-175. [CrossRef]

Zerhouni, E.A ; Spivey, ].E; Morgan, R.H.; Leo, EP; Stitik, EP,; Siegelman, S.S. Factors influencing quantitative CT measurements
of solitary pulmonary nodules. J. Comput. Assist. Tomogr. 1982, 6, 1075-1087. [CrossRef]

Mayo, ].R.; Webb, W.R.; Gould, R.; Stein, M.G.; Bass, I.; Gamsu, G.; Goldberg, H.I. High-resolution CT of the lungs: An optimal
approach. Radiology 1987, 163, 507-510. [CrossRef] [PubMed]

Mathieson, J.R.; Mayo, ]J.R.; Staples, C.A.; Miiller, N.L. Chronic diffuse infiltrative lung disease: Comparison of diagnostic
accuracy of CT and chest radiography. Radiology 1989, 171, 111-116. [CrossRef] [PubMed]

Vock, P; Soucek, M.; Daepp, M.; Kalender, W.A. Lung: Spiral volumetric CT with single-breath-hold technique. Radiology 1990,
176, 864-867. [CrossRef] [PubMed]

Kalender, W.A; Seissler, W.; Klotz, E.; Vock, P. Spiral volumetric CT with single-breath-hold technique, continuous transport, and
continuous scanner rotation. Radiology 1990, 176, 181-183. [CrossRef] [PubMed]

Mostard, R.L.; Verschakelen, J.A.; van Kroonenburgh, M.].; Nelemans, PJ.; Wijnen, P.A.; V66, S.; Drent, M. Severity of pulmonary
involvement and (18)F-FDG PET activity in sarcoidosis. Respir. Med. 2013, 107, 439-447. [CrossRef] [PubMed]

Keijsers, R.G.; Verzijlbergen, E.J.; van den Bosch, ].M.; Zanen, P.; van de Garde, E.M.; Oyen, W.J.; Grutters, ].C. 18F-FDG PET as a
predictor of pulmonary function in sarcoidosis. Sarcoidosis Vasc. Diffus. Lung Dis. 2011, 28, 123-129.

Chareonthaitawee, P.; Beanlands, R.S.; Chen, W.; Dorbala, S.; Miller, E.J.; Murthy, V.L.; Birnie, D.H.; Chen, E.S.; Cooper, L.T.; Tung,
R.H.; et al. Joint SNMMI-ASNC expert consensus document on the role of 18F-FDG PET/CT in cardiac sarcoid detection and
therapy monitoring. J. Nucl. Cardiol. 2017, 24, 1741-1758. [CrossRef] [PubMed]

Youssef, G.; Leung, E.; Mylonas, I.; Nery, P.; Williams, K.; Wisenberg, G.; Gulenchyn, K.Y.; Dekemp, R.A.; Dasilva, J.; Birnie,
D.; et al. The use of 18F-FDG PET in the diagnosis of cardiac sarcoidosis: A systematic review and metaanalysis including the
Ontario experience. J. Nucl. Med. 2012, 53, 241-248. [CrossRef]

Braun, J.J.; Kessler, R.; Constantinesco, A.; Imperiale, A. 18F-FDG PET/CT in sarcoidosis management: Review and report of
20 cases. Eur. ]. Nucl. Med. Mol. Imaging 2008, 35, 1537-1543. [CrossRef]

Mostard, R.L.; Prompers, L.; Weijers, R.E.; van Kroonenburgh, M.]J.; Wijnen, P.A.; Geusens, P.P; Drent, M. F-18 FDG PET/CT for
detecting bone and bone marrow involvement in sarcoidosis patients. Clin. Nucl. Med. 2012, 37, 21-25. [CrossRef]

Ota, K,; Tsunemi, T.; Saito, K.; Yamanami, F.; Watanabe, M.; Irioka, T.; Mizusawa, H. 18F-FDG PET successfully detects spinal
cord sarcoidosis. J. Neurol. 2009, 256, 1943-1946. [CrossRef]

Kauczor, H.U,; Ley-Zaporozhan, J.; Ley, S. Imaging of pulmonary pathologies: Focus on magnetic resonance imaging. Proc. Am.
Thorac. Soc. 2009, 6, 458-463. [CrossRef] [PubMed]

Hatabu, H.; Ohno, Y.; Gefter, W.B.; Parraga, G.; Madore, B.; Lee, K.S.; Altes, T.A.; Lynch, D.A.; Mayo, J.R.; Seo, ].B.; et al.
Expanding Applications of Pulmonary MRI in the Clinical Evaluation of Lung Disorders: Fleischner Society Position Paper.
Radiology 2020, 297, 286-301. [CrossRef]

Brady, D.; Lavelle, L.P.; McEvoy, S.H.; Murphy, D.J.; Gallagher, A.; Gibney, B.; Butler, M.W.; Shortt, F.; McMullan, M.; Fabre, A.;
et al. Assessing fibrosis in pulmonary sarcoidosis: Late-enhanced MRI compared to anatomic HRCT imaging. Q/M 2016, 109,
257-264. [CrossRef]

Aitken, M.; Chan, M.V,; Urzua Fresno, C.; Farrell, A.; Islam, N.; McInnes, M.D.F.; Iwanochko, M.; Balter, M.; Moayedi, Y.;
Thavendiranathan, P; et al. Diagnostic Accuracy of Cardiac MRI versus FDG PET for Cardiac Sarcoidosis: A Systematic Review
and Meta-Analysis. Radiology 2022, 304, 566-579. [CrossRef] [PubMed]

Ginat, D.T.; Dhillon, G.; Almast, ]. Magnetic resonance imaging of neurosarcoidosis. J. Clin. Imaging Sci. 2011, 1, 15. [CrossRef]
Niimi, H.; Kang, E.Y.; Kwong, ].S.; Carignan, S.; Miiller, N.L. CT of chronic infiltrative lung disease: Prevalence of mediastinal
lymphadenopathy. J. Comput. Assist. Tomogr. 1996, 20, 305-308. [CrossRef]

Bhalla, A.S.; Das, A.; Naranje, P.; Goyal, A.; Guleria, R.; Khilnani, G.C. Dilemma of diagnosing thoracic sarcoidosis in tuberculosis-
endemic regions: An imaging-based approach. Part 2. Indian |. Radiol. Imaging 2017, 27, 380-388. [CrossRef]

Trisolini, R.; Anevlavis, S.; Tinelli, C.; Orlandji, P; Patelli, M. CT pattern of lymphadenopathy in untreated patients undergoing
bronchoscopy for suspected sarcoidosis. Respir. Med. 2013, 107, 897-903. [CrossRef] [PubMed]

Murdoch, J.; Miiller, N.L. Pulmonary sarcoidosis: Changes on follow-up CT examination. AJR Am. ]. Roentgenol. 1992, 159,
473-477. [CrossRef]

Garland, L.H. Pulmonary sarcoidosis; the early roentgen findings. Radiology 1947, 48, 333-352, discussion 352-334. [CrossRef]
Sider, L.; Horton, E.S. Hilar and mediastinal adenopathy in sarcoidosis as detected by computed tomography. J. Thorac. Imaging
1990, 5, 77-80. [CrossRef] [PubMed]


https://doi.org/10.1378/chest.08-1876
https://doi.org/10.2214/ajr.135.1.1
https://doi.org/10.1097/00004424-198803000-00003
https://doi.org/10.1097/00004728-198212000-00005
https://doi.org/10.1148/radiology.163.2.3562834
https://www.ncbi.nlm.nih.gov/pubmed/3562834
https://doi.org/10.1148/radiology.171.1.2928513
https://www.ncbi.nlm.nih.gov/pubmed/2928513
https://doi.org/10.1148/radiology.176.3.2389050
https://www.ncbi.nlm.nih.gov/pubmed/2389050
https://doi.org/10.1148/radiology.176.1.2353088
https://www.ncbi.nlm.nih.gov/pubmed/2353088
https://doi.org/10.1016/j.rmed.2012.11.011
https://www.ncbi.nlm.nih.gov/pubmed/23261309
https://doi.org/10.1007/s12350-017-0978-9
https://www.ncbi.nlm.nih.gov/pubmed/28770463
https://doi.org/10.2967/jnumed.111.090662
https://doi.org/10.1007/s00259-008-0770-9
https://doi.org/10.1097/RLU.0b013e3182335f9b
https://doi.org/10.1007/s00415-009-5270-8
https://doi.org/10.1513/pats.200901-002AW
https://www.ncbi.nlm.nih.gov/pubmed/19687219
https://doi.org/10.1148/radiol.2020201138
https://doi.org/10.1093/qjmed/hcv200
https://doi.org/10.1148/radiol.213170
https://www.ncbi.nlm.nih.gov/pubmed/35579526
https://doi.org/10.4103/2156-7514.76693
https://doi.org/10.1097/00004728-199603000-00026
https://doi.org/10.4103/ijri.IJRI_201_17
https://doi.org/10.1016/j.rmed.2013.01.019
https://www.ncbi.nlm.nih.gov/pubmed/23490223
https://doi.org/10.2214/ajr.159.3.1503008
https://doi.org/10.1148/48.4.333
https://doi.org/10.1097/00005382-199004000-00010
https://www.ncbi.nlm.nih.gov/pubmed/2325188

J. Clin. Med. 2024, 13, 822 16 of 19

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Gawne-Cain, M.L.; Hansell, D.M. The pattern and distribution of calcified mediastinal lymph nodes in sarcoidosis and tuberculo-
sis: A CT study. Clin. Radiol. 1996, 51, 263-267. [CrossRef]

Gross, B.H.; Schneider, H.J.; Proto, A.V. Eggshell calcification of lymph nodes: An update. AJR Am. |. Roentgenol. 1980, 135,
1265-1268. [CrossRef]

Eckardt, J.; Olsen, K.E; Jorgensen, O.D.; Licht, P.B. Minimally invasive diagnosis of sarcoidosis by EBUS when conventional
diagnostics fail. Sarcoidosis Vasc. Diffus. Lung Dis. 2010, 27, 43-48.

Brauner, M.W.; Grenier, P.; Mompoint, D.; Lenoir, S.; de Crémoux, H. Pulmonary sarcoidosis: Evaluation with high-resolution CT.
Radiology 1989, 172, 467-471. [CrossRef] [PubMed]

Miiller, N.L.; Kullnig, P.; Miller, R.R. The CT findings of pulmonary sarcoidosis: Analysis of 25 patients. AJR Am. ]. Roentgenol.
1989, 152, 1179-1182. [CrossRef]

Remy-Jardin, M.; Giraud, F; Remy, J.; Wattinne, L.; Wallaert, B.; Duhamel, A. Pulmonary sarcoidosis: Role of CT in the evaluation
of disease activity and functional impairment and in prognosis assessment. Radiology 1994, 191, 675-680. [CrossRef] [PubMed]
Nishimura, K.; Itoh, H.; Kitaichi, M.; Nagai, S.; Izumi, T. CT and pathological correlation of pulmonary sarcoidosis. Semin.
Ultrasound CT MRI 1995, 16, 361-370. [CrossRef]

Dawson, W.B.; Miiller, N.L. High-resolution computed tomography in pulmonary sarcoidosis. Semin. Ultrasound CT MRI 1990,
11, 423-429.

Johkoh, T.; Ikezoe, J.; Tomiyama, N.; Nagareda, T.; Kohno, N.; Takeuchi, N.; Yamagami, H.; Kido, S.; Takashima, S.; Arisawa, J. CT
findings in lymphangitic carcinomatosis of the lung: Correlation with histologic findings and pulmonary function tests. AJR Am.
J. Roentgenol. 1992, 158, 1217-1222. [CrossRef] [PubMed]

Ikezoe, J.; Godwin, ].D.; Hunt, K.J.; Marglin, S.I. Pulmonary lymphangitic carcinomatosis: Chronicity of radiographic findings in
long-term survivors. AJR Am. ]. Roentgenol. 1995, 165, 49-52. [CrossRef] [PubMed]

Miiller, N.L.; Miller, R.R. Ground-glass attenuation, nodules, alveolitis, and sarcoid granulomas. Radiology 1993, 189, 31-32.
[CrossRef] [PubMed]

Lynch, D.A.; Webb, W.R.; Gamsu, G.; Stulbarg, M.; Golden, J. Computed tomography in pulmonary sarcoidosis. J. Comput. Assist.
Tomogr. 1989, 13, 405—410. [CrossRef]

Gruden, ].E; Webb, W.R.; Warnock, M. Centrilobular opacities in the lung on high-resolution CT: Diagnostic considerations and
pathologic correlation. AJR Am. J. Roentgenol. 1994, 162, 569-574. [CrossRef] [PubMed]

Rajagopala, S.; Sankari, S.; Kancherla, R.; Ramanathan, R.P,; Balalakshmoji, D. Miliary Sarcoidosis: Does it exist? A case series
and systematic review of literature. Sarcoidosis Vasc. Diffus. Lung Dis. 2020, 37, 53-65. [CrossRef]

Bergin, C.J.; Bell, D.Y.; Coblentz, C.L.; Chiles, C.; Gamsu, G.; MacIntyre, N.R.; Coleman, R.E.; Putman, C.E. Sarcoidosis: Correlation
of pulmonary parenchymal pattern at CT with results of pulmonary function tests. Radiology 1989, 171, 619-624. [CrossRef]
Grenier, P.; Valeyre, D.; Cluzel, P.; Brauner, M.W.; Lenoir, S.; Chastang, C. Chronic diffuse interstitial lung disease: Diagnostic
value of chest radiography and high-resolution CT. Radiology 1991, 179, 123-132. [CrossRef]

Malaisamy, S.; Dalal, B.; Bimenyuy, C.; Soubani, A.O. The clinical and radiologic features of nodular pulmonary sarcoidosis. Lung
2009, 187, 9-15. [CrossRef]

Desai, S.; Devaraj, A.; Lynch, D.; Sverzellati, N.; Elicker, B. Webb, Miiller and Naidich’s High-Resolution CT of the Lung, 6th ed.;
Lippincott Williams & Wilkins: Philadelphia, PA, USA, 2021; pp. 777-829.

Herraez Ortega, I.; Alonso Orcajo, N.; Lopez Gonzalez, L. The “sarcoid cluster sign”. A new sign in high resolution chest CT.
Radiologia 2009, 51, 495-499. [CrossRef] [PubMed]

Nakatsu, M.; Hatabu, H.; Morikawa, K.; Uematsu, H.; Ohno, Y.; Nishimura, K.; Nagai, S.; Izumi, T.; Konishi, ].; Itoh, H. Large
coalescent parenchymal nodules in pulmonary sarcoidosis: “sarcoid galaxy” sign. AJR Am. J. Roentgenol. 2002, 178, 1389-1393.
[CrossRef] [PubMed]

Marchiori, E.; Zanetti, G.; Mano, C.M. Pulmonary tuberculosis with the sarcoid cluster sign in high-resolution chest CT. Radiologia
2010, 52, 273-274. [CrossRef] [PubMed]

Desai, S.R; Sivarasan, N.; Johannson, K.A.; George, PM.; Culver, D.A.; Devaraj, A.; Lynch, D.A.; Milne, D.; Renzoni, E.; Nunes,
H.; et al. High-resolution CT phenotypes in pulmonary sarcoidosis: A multinational Delphi consensus study. Lancet Respir. Med.
2023. [CrossRef]

Lenique, E; Brauner, M.W.; Grenier, P.; Battesti, ].P.; Loiseau, A.; Valeyre, D. CT assessment of bronchi in sarcoidosis: Endoscopic
and pathologic correlations. Radiology 1995, 194, 419-423. [CrossRef] [PubMed]

Chambellan, A.; Turbie, P; Nunes, H.; Brauner, M.; Battesti, ].P.; Valeyre, D. Endoluminal stenosis of proximal bronchi in
sarcoidosis: Bronchoscopy, function, and evolution. Chest 2005, 127, 472-481. [CrossRef]

Hansell, D.M.; Bankier, A.A.; MacMahon, H.; McLoud, T.C.; Miiller, N.L.; Remy, J. Fleischner Society: Glossary of terms for
Thoracic Imaging. Radiology 2008, 246, 697-722. [CrossRef]

Davies, C.W.; Tasker, A.D.; Padley, S.P.; Davies, R.J.; Gleeson, EV. Air trapping in sarcoidosis on computed tomography:
Correlation with lung function. Clin. Radiol. 2000, 55, 217-221. [CrossRef]

Magkanas, E.; Voloudaki, A.; Bouros, D.; Prassopoulos, P.; Alexopoulou, C.; Tzanakis, N.; Linardakis, M.; Gourtsoyiannis, N.
Pulmonary sarcoidosis. Correlation of expiratory high-resolution CT findings with inspiratory patterns and pulmonary function
tests. Acta Radiol. 2001, 42, 494-501.


https://doi.org/10.1016/S0009-9260(96)80343-6
https://doi.org/10.2214/ajr.135.6.1265
https://doi.org/10.1148/radiology.172.2.2748828
https://www.ncbi.nlm.nih.gov/pubmed/2748828
https://doi.org/10.2214/ajr.152.6.1179
https://doi.org/10.1148/radiology.191.3.8184045
https://www.ncbi.nlm.nih.gov/pubmed/8184045
https://doi.org/10.1016/0887-2171(95)90025-X
https://doi.org/10.2214/ajr.158.6.1590110
https://www.ncbi.nlm.nih.gov/pubmed/1590110
https://doi.org/10.2214/ajr.165.1.7785630
https://www.ncbi.nlm.nih.gov/pubmed/7785630
https://doi.org/10.1148/radiology.189.1.8372213
https://www.ncbi.nlm.nih.gov/pubmed/8372213
https://doi.org/10.1097/00004728-198905000-00006
https://doi.org/10.2214/ajr.162.3.8109498
https://www.ncbi.nlm.nih.gov/pubmed/8109498
https://doi.org/10.36141/svdld.v37i1.7837
https://doi.org/10.1148/radiology.171.3.2717731
https://doi.org/10.1148/radiology.179.1.2006262
https://doi.org/10.1007/s00408-008-9118-2
https://doi.org/10.1016/j.rx.2009.05.003
https://www.ncbi.nlm.nih.gov/pubmed/19744682
https://doi.org/10.2214/ajr.178.6.1781389
https://www.ncbi.nlm.nih.gov/pubmed/12034602
https://doi.org/10.1016/j.rx.2010.01.016
https://www.ncbi.nlm.nih.gov/pubmed/20363006
https://doi.org/10.1016/S2213-2600(23)00267-9
https://doi.org/10.1148/radiology.194.2.7824721
https://www.ncbi.nlm.nih.gov/pubmed/7824721
https://doi.org/10.1378/chest.127.2.472
https://doi.org/10.1148/radiol.2462070712
https://doi.org/10.1053/crad.1999.0366

J. Clin. Med. 2024, 13, 822 17 of 19

71.

72.
73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.
84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

Bartz, R.R,; Stern, E.J. Airways obstruction in patients with sarcoidosis: Expiratory CT scan findings. J. Thorac. Imaging 2000, 15,
285-289. [CrossRef]

Iannuzzi, M.C.; Rybicki, B.A.; Teirstein, A.S. Sarcoidosis. N. Engl. |. Med. 2007, 357, 2153-2165. [CrossRef] [PubMed]

Traill, Z.C.; Maskell, G.F; Gleeson, EV. High-resolution CT findings of pulmonary sarcoidosis. AJR Am. ]. Roentgenol. 1997, 168,
1557-1560. [CrossRef] [PubMed]

Hennebicque, A.S.; Nunes, H.; Brillet, P.Y.; Moulahi, H.; Valeyre, D.; Brauner, M.W. CT findings in severe thoracic sarcoidosis. Eur.
Radiol. 2005, 15, 23-30. [CrossRef] [PubMed]

Padley, S.P.; Padhani, A.R.; Nicholson, A.; Hansell, D.M. Pulmonary sarcoidosis mimicking cryptogenic fibrosing alveolitis on CT.
Clin. Radiol. 1996, 51, 807-810. [CrossRef] [PubMed]

Collins, B.E; McClelland, R.L.; Ho, L.A.; Mikacenic, C.R.; Hayes, J.; Spada, C.; Raghu, G. Sarcoidosis and IPF in the same patient-a
coincidence, an association or a phenotype? Respir. Med. 2018, 1445, S20-S27. [CrossRef]

Bianchi, E.; Piccioli, C.; Rosi, E.; Carobene, L.; Spina, D.; Mazzei, M.A.; Bartolucci, M.; Moroni, C.; Novelli, L.; Rottoli, P.; et al.
Combined sarcoidosis and idiopathic pulmonary fibrosis (CSIPF): A novel disease phenotype? Respir. Med. 2019, 160, 105650.
[CrossRef]

Rockoff, S.D.; Rohatgi, PK. Unusual manifestations of thoracic sarcoidosis. AJR Am. . Roentgenol. 1985, 144, 513-528. [CrossRef]
Hours, S.; Nunes, H.; Kambouchner, M.; Uzunhan, Y.; Brauner, M.W.,; Valeyre, D.; Brillet, P.Y. Pulmonary cavitary sarcoidosis:
Clinico-radiologic characteristics and natural history of a rare form of sarcoidosis. Medicine 2008, 87, 142-151. [CrossRef]
Denning, D.W.; Pleuvry, A.; Cole, D.C. Global burden of chronic pulmonary aspergillosis complicating sarcoidosis. Eur. Respir. ].
2013, 41, 621-626. [CrossRef]

Denning, D.W.; Cadranel, J.; Beigelman-Aubry, C.; Ader, F.; Chakrabarti, A.; Blot, S.; Ullmann, A.J.; Dimopoulos, G.; Lange,
C.; European Society for Clinical Microbiology and Infectious Diseases and European Respiratory Society. Chronic pulmonary
aspergillosis: Rationale and clinical guidelines for diagnosis and management. Eur. Respir. ]. 2016, 47, 45-68. [CrossRef]
Wollschlager, C.; Khan, F. Aspergillomas complicating sarcoidosis. A prospective study in 100 patients. Chest 1984, 86, 585-588.
[CrossRef]

Fujita, S. Serologic diagnosis of fungal infections. Nihon Rinsho 2008, 66, 2313-2318. [PubMed]

Bouza, E.; Almirante, B.; Garcia Rodriguez, J.; Garnacho-Montero, J.; Salavert, M.; Mufioz, P.; Sanguinetti, M. Biomarkers of
fungal infection: Expert opinion on the current situation. Rev. Esp. Quimioter. 2020, 33, 1-10. [CrossRef]

Szwarcberg, ].B.; Glajchen, N.; Teirstein, A.S. Pleural involvement in chronic sarcoidosis detected by thoracic CT scanning.
Sarcoidosis Vasc. Diffus. Lung Dis. 2005, 22, 58-62.

Huggins, ].T.; Doelken, P; Sahn, S.A.; King, L.; Judson, M.A. Pleural effusions in a series of 181 outpatients with sarcoidosis. Chest
2006, 129, 1599-1604. [CrossRef] [PubMed]

Froudarakis, M.E.; Bouros, D.; Voloudaki, A.; Papiris, S.; Kottakis, Y.; Constantopoulos, S.H.; Siafakas, N.M. Pneumothorax as a
first manifestation of sarcoidosis. Chest 1997, 112, 278-280. [CrossRef]

Gomm, S.A. An unusual presentation of sarcoidosis--spontaneous haemopneumothorax. Postgrad. Med. ]. 1984, 60, 621-623.
[CrossRef]

Liu, Y;; Dai, H.P,; Xu, L.L,; Li, X. Recurrent pneumothorax as a presenting manifestation of active sarcoidosis: A case report and
literature review. Chin. Med. ]. 2010, 123, 1615-1616.

Omori, H.; Asahi, H.; Irinoda, T.; Itabashi, T.; Saito, K. Pneumothorax as a presenting manifestation of early sarcoidosis. Jpn. J.
Thorac. Cardiovasc. Surg. 2004, 52, 33-35. [CrossRef]

Humbert, M.; Kovacs, G.; Hoeper, M.M.; Badagliacca, R.; Berger, R ML.E; Brida, M.; Carlsen, J.; Coats, A.].S.; Escribano-Subias, P,;
Ferrari, P; et al. 2022 ESC/ERS Guidelines for the diagnosis and treatment of pulmonary hypertension. G. Ital. Cardiol. 2023, 24,
le-116e. [CrossRef]

Handa, T.; Nagai, S.; Miki, S.; Fushimi, Y.; Ohta, K.; Mishima, M.; Izumi, T. Incidence of pulmonary hypertension and its clinical
relevance in patients with sarcoidosis. Chest 2006, 129, 1246-1252. [CrossRef]

Bourbonnais, ].M.; Samavati, L. Clinical predictors of pulmonary hypertension in sarcoidosis. Eur. Respir. ]. 2008, 32, 296-302.
[CrossRef]

Rapti, A.; Kouranos, V.; Gialafos, E.; Aggeli, K.; Moyssakis, ].; Kallianos, A.; Kostopoulos, C.; Anagnostopoulou, O.; Sfikakis, P.P;
Wells, A.U.; et al. Elevated pulmonary arterial systolic pressure in patients with sarcoidosis: Prevalence and risk factors. Lung
2013, 191, 61-67. [CrossRef]

Sulica, R.; Teirstein, A.S.; Kakarla, S.; Nemani, N.; Behnegar, A.; Padilla, M.L. Distinctive clinical, radiographic, and functional
characteristics of patients with sarcoidosis-related pulmonary hypertension. Chest 2005, 128, 1483-1489. [CrossRef]

Hoffstein, V.; Ranganathan, N.; Mullen, ]J.B. Sarcoidosis simulating pulmonary veno-occlusive disease. Am. Rev. Respir. Dis. 1986,
134, 809-811. [CrossRef]

Takemura, T.; Matsui, Y.; Saiki, S.; Mikami, R. Pulmonary vascular involvement in sarcoidosis: A report of 40 autopsy cases. Hurm.
Pathol. 1992, 23, 1216-1223. [CrossRef]

Ratanawatkul, P.; Oh, A.; Richards, J.C.; Swigris, ].J. Performance of pulmonary artery dimensions measured on high-resolution
computed tomography scan for identifying pulmonary hypertension. ER] Open Res. 2020, 6, 00232-02019. [CrossRef] [PubMed]


https://doi.org/10.1097/00005382-200010000-00009
https://doi.org/10.1056/NEJMra071714
https://www.ncbi.nlm.nih.gov/pubmed/18032765
https://doi.org/10.2214/ajr.168.6.9168723
https://www.ncbi.nlm.nih.gov/pubmed/9168723
https://doi.org/10.1007/s00330-004-2480-4
https://www.ncbi.nlm.nih.gov/pubmed/15449010
https://doi.org/10.1016/S0009-9260(96)80011-0
https://www.ncbi.nlm.nih.gov/pubmed/8937326
https://doi.org/10.1016/j.rmed.2018.08.008
https://doi.org/10.1016/j.rmed.2019.02.022
https://doi.org/10.2214/ajr.144.3.513
https://doi.org/10.1097/MD.0b013e3181775a73
https://doi.org/10.1183/09031936.00226911
https://doi.org/10.1183/13993003.00583-2015
https://doi.org/10.1378/chest.86.4.585
https://www.ncbi.nlm.nih.gov/pubmed/19069098
https://doi.org/10.37201/req/2260.2019
https://doi.org/10.1378/chest.129.6.1599
https://www.ncbi.nlm.nih.gov/pubmed/16778281
https://doi.org/10.1378/chest.112.1.278
https://doi.org/10.1136/pgmj.60.707.621
https://doi.org/10.1007/s11748-004-0059-2
https://doi.org/10.1714/4014.39906
https://doi.org/10.1378/chest.129.5.1246
https://doi.org/10.1183/09031936.00175907
https://doi.org/10.1007/s00408-012-9442-4
https://doi.org/10.1378/chest.128.3.1483
https://doi.org/10.1164/arrd.1986.134.4.809
https://doi.org/10.1016/0046-8177(92)90288-E
https://doi.org/10.1183/23120541.00232-2019
https://www.ncbi.nlm.nih.gov/pubmed/32055634

J. Clin. Med. 2024, 13, 822 18 of 19

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

Tan, R.T;; Kuzo, R.; Goodman, L.R;; Siegel, R.; Haasler, G.B.; Presberg, K.W. Utility of CT scan evaluation for predicting pulmonary
hypertension in patients with parenchymal lung disease. Medical College of Wisconsin Lung Transplant Group. Chest 1998, 113,
1250-1256. [CrossRef] [PubMed]

Nunes, H.; Humbert, M.; Capron, F.; Brauner, M.; Sitbon, O.; Battesti, ].P.; Simonneau, G.; Valeyre, D. Pulmonary hypertension
associated with sarcoidosis: Mechanisms, haemodynamics and prognosis. Thorax 2006, 61, 68-74. [CrossRef] [PubMed]
Kuhlman, ].E.; Fishman, E.K,; Siegelman, S.S. Invasive pulmonary aspergillosis in acute leukemia: Characteristic findings on CT,
the CT halo sign, and the role of CT in early diagnosis. Radiology 1985, 157, 611-614. [CrossRef]

Primack, S.L.; Hartman, T.E.; Lee, K.S.; Miiller, N.L. Pulmonary nodules and the CT halo sign. Radiology 1994, 190, 513-515.
[CrossRef] [PubMed]

Gaeta, M.; Blandino, A.; Scribano, E.; Minutoli, F; Volta, S.; Pandolfo, I. Computed tomography halo sign in pulmonary nodules:
Frequency and diagnostic value. |. Thorac. Imaging 1999, 14, 109-113. [CrossRef] [PubMed]

Harada, T.; Nabeshima, K.; Matsumoto, T.; Akagi, T.; Fujita, M.; Watanabe, K. Histological findings of the computed tomography
halo in pulmonary sarcoidosis. Eur. Respir. ]. 2009, 34, 281-283. [CrossRef] [PubMed]

Kim, SJ.; Lee, K.S.; Ryu, Y.H.; Yoon, Y.C.; Choe, K.O,; Kim, T.S.; Sung, K.J. Reversed halo sign on high-resolution CT of cryptogenic
organizing pneumonia: Diagnostic implications. AJR Am. ]. Roentgenol. 2003, 180, 1251-1254. [CrossRef] [PubMed]

Marchiori, E.; Zanetti, G.; Escuissato, D.L.; Souza, A.S.; de Souza Portes Meirelles, G.; Fagundes, J.; Souza, C.A.; Hochhegger, B.;
Marom, E.M.; Godoy, M.C.B. Reversed halo sign: High-resolution CT scan findings in 79 patients. Chest 2012, 141, 1260-1266.
[CrossRef]

Marchiori, E.; Zanetti, G.; Duarte Guimaraes, M.; Hochhegger, B. The reversed halo sign extending the spectrum of atypical
radiological manifestations in sarcoidosis. Ann. Thorac. Med. 2014, 9, 48. [CrossRef] [PubMed]

Chappell, A.G.; Cheung, W.Y.; Hutchings, H.A. Sarcoidosis: A long-term follow up study. Sarcoidosis Vasc. Diffus. Lung Dis. 2000,
17,167-173.

Kirkil, G.; Lower, E.E.; Baughman, R.P. Predictors of Mortality in Pulmonary Sarcoidosis. Chest 2018, 153, 105-113. [CrossRef]
[PubMed]

Nardi, A.; Brillet, P.Y.; Letoumelin, P.; Girard, F,; Brauner, M.; Uzunhan, Y.; Naccache, ].M.; Valeyre, D.; Nunes, H. Stage IV
sarcoidosis: Comparison of survival with the general population and causes of death. Eur. Respir. . 2011, 38, 1368-1373.
[CrossRef]

Primack, S.L.; Hartman, T.E.; Hansell, D.M.; Miiller, N.L. End-stage lung disease: CT findings in 61 patients. Radiology 1993, 189,
681-686. [CrossRef]

Ungprasert, P.; Crowson, C.S.; Carmona, E.M.; Matteson, E.L. Outcome of pulmonary sarcoidosis: A population-based study
1976-2013. Sarcoidosis Vasc. Diffus. Lung Dis. 2018, 35, 123-128. [CrossRef]

Hambly, N.; Farooqi, M.M.; Dvorkin-Gheva, A.; Donohoe, K.; Garlick, K.; Scallan, C.; Chong, S.G.; Maclsaac, S.; Assayag, D.;
Johannson, K.A.; et al. Prevalence and characteristics of progressive fibrosing interstitial lung disease in a prospective registry.
Eur. Respir. ]. 2022, 60, 2102571. [CrossRef] [PubMed]

Flaherty, K.R.; Wells, A.U.; Cottin, V.; Devaraj, A.; Walsh, S.L.E; Inoue, Y.; Richeldi, L.; Kolb, M.; Tetzlaff, K.; Stowasser, S.; et al.
Nintedanib in Progressive Fibrosing Interstitial Lung Diseases. N. Engl. |. Med. 2019, 381, 1718-1727. [CrossRef] [PubMed]
Winterbauer, R.H.; Hutchinson, J.F. Use of pulmonary function tests in the management of sarcoidosis. Chest 1980, 78, 640-647.
[CrossRef]

Cortes-Telles, A.; Forkert, L.; O’'Donnell, D.E.; Moran-Mendoza, O. Idiopathic pulmonary fibrosis: New insights on functional
characteristics at diagnosis. Can. Respir. |. 2014, 21, 825606. [CrossRef]

Calaras, D.; Munteanu, O.; Scaletchi, V.; Simionica, I.; Botnaru, V. Ventilatory disturbances in patients with intrathoracic
sarcoidosis—A study from a functional and histological perspective. Sarcoidosis Vasc. Diffus. Lung Dis. 2017, 34, 58-67. [CrossRef]
Baughman, R.P; Engel, PJ.; Taylor, L.; Lower, E.E. Survival in sarcoidosis-associated pulmonary hypertension: The importance of
hemodynamic evaluation. Chest 2010, 138, 1078-1085. [CrossRef] [PubMed]

Wells, A.U.; Desai, S.R.; Rubens, M.B.; Goh, N.S.; Cramer, D.; Nicholson, A.G.; Colby, T.V.; du Bois, R.M.; Hansell, D.M. Idiopathic
pulmonary fibrosis: A composite physiologic index derived from disease extent observed by computed tomography. Am. |. Respir.
Crit. Care Med. 2003, 167, 962-969. [CrossRef]

Wells, A.U.; Cullinan, P.; Hansell, D.M.; Rubens, M.B.; Black, C.M.; Newman-Taylor, A.J.; Du Bois, R.M. Fibrosing alveolitis
associated with systemic sclerosis has a better prognosis than lone cryptogenic fibrosing alveolitis. Am. J. Respir. Crit. Care Med.
1994, 149, 1583-1590. [CrossRef]

Wells, A.U.; Hansell, D.M.; Rubens, M.B.; King, A.D.; Cramer, D.; Black, C.M.; du Bois, R.M. Fibrosing alveolitis in systemic
sclerosis: Indices of lung function in relation to extent of disease on computed tomography. Arthritis Rheum. 1997, 40, 1229-1236.
[CrossRef]

Hansell, D.M.; Wells, A.U.; Padley, S.P,; Miiller, N.L. Hypersensitivity pneumonitis: Correlation of individual CT patterns with
functional abnormalities. Radiology 1996, 199, 123-128. [CrossRef]

Goh, N.S,; Desai, S.R.; Veeraraghavan, S.; Hansell, D.M.; Copley, S.J.; Maher, TM.; Corte, T.J.; Sander, C.R.; Ratoff, J.; Devaraj, A,;
et al. Interstitial lung disease in systemic sclerosis: A simple staging system. Am. J. Respir. Crit. Care Med. 2008, 177, 1248-1254.
[CrossRef]


https://doi.org/10.1378/chest.113.5.1250
https://www.ncbi.nlm.nih.gov/pubmed/9596302
https://doi.org/10.1136/thx.2005.042838
https://www.ncbi.nlm.nih.gov/pubmed/16227329
https://doi.org/10.1148/radiology.157.3.3864189
https://doi.org/10.1148/radiology.190.2.8284408
https://www.ncbi.nlm.nih.gov/pubmed/8284408
https://doi.org/10.1097/00005382-199904000-00008
https://www.ncbi.nlm.nih.gov/pubmed/10210483
https://doi.org/10.1183/09031936.00029509
https://www.ncbi.nlm.nih.gov/pubmed/19567613
https://doi.org/10.2214/ajr.180.5.1801251
https://www.ncbi.nlm.nih.gov/pubmed/12704033
https://doi.org/10.1378/chest.11-1050
https://doi.org/10.4103/1817-1737.124445
https://www.ncbi.nlm.nih.gov/pubmed/24551020
https://doi.org/10.1016/j.chest.2017.07.008
https://www.ncbi.nlm.nih.gov/pubmed/28728933
https://doi.org/10.1183/09031936.00187410
https://doi.org/10.1148/radiology.189.3.8234691
https://doi.org/10.36141/svdld.v35i2.6356
https://doi.org/10.1183/13993003.02571-2021
https://www.ncbi.nlm.nih.gov/pubmed/35273032
https://doi.org/10.1056/NEJMoa1908681
https://www.ncbi.nlm.nih.gov/pubmed/31566307
https://doi.org/10.1378/chest.78.4.640
https://doi.org/10.1155/2014/825606
https://doi.org/10.36141/svdld.v34i1.5134
https://doi.org/10.1378/chest.09-2002
https://www.ncbi.nlm.nih.gov/pubmed/20348196
https://doi.org/10.1164/rccm.2111053
https://doi.org/10.1164/ajrccm.149.6.8004317
https://doi.org/10.1002/1529-0131(199707)40:7%3C1229::AID-ART6%3E3.0.CO;2-W
https://doi.org/10.1148/radiology.199.1.8633133
https://doi.org/10.1164/rccm.200706-877OC

J. Clin. Med. 2024, 13, 822 19 of 19

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.
134.

135.

136.

137.

138.

Walsh, S.L.; Sverzellati, N.; Devaraj, A.; Wells, A.U.; Hansell, D.M. Chronic hypersensitivity pneumonitis: High resolution
computed tomography patterns and pulmonary function indices as prognostic determinants. Eur. Radiol. 2012, 22, 1672-1679.
[CrossRef] [PubMed]

Jacob, J.; Bartholmai, B.J.; Rajagopalan, S.; Kokosi, M.; Nair, A.; Karwoski, R.; Raghunath, S.M.; Walsh, S.L.; Wells, A.U.; Hansell,
D.M. Automated Quantitative Computed Tomography Versus Visual Computed Tomography Scoring in Idiopathic Pulmonary
Fibrosis: Validation Against Pulmonary Function. J. Thorac. Imaging 2016, 31, 304-311. [CrossRef] [PubMed]

Jacob, J.; Bartholmai, B.J.; Rajagopalan, S.; Kokosi, M.; Nair, A.; Karwoski, R.; Walsh, S.L.; Wells, A.U.; Hansell, D.M. Mortality
prediction in idiopathic pulmonary fibrosis: Evaluation of computer-based CT analysis with conventional severity measures. Eur.
Respir. ]. 2017, 49, 1601011. [CrossRef] [PubMed]

Wu, X.; Kim, G.H,; Salisbury, M.L.; Barber, D.; Bartholmai, B.].; Brown, K.K.; Conoscenti, C.S.; De Backer, ].; Flaherty, K.R.; Gruden,
J.E,; et al. Computed Tomographic Biomarkers in Idiopathic Pulmonary Fibrosis. The Future of Quantitative Analysis. Am. J.
Respir. Crit. Care Med. 2019, 199, 12-21. [CrossRef]

Miiller, N.L.; Mawson, J.B.; Mathieson, J.R.; Abboud, R.; Ostrow, D.N.; Champion, P. Sarcoidosis: Correlation of extent of disease
at CT with clinical, functional, and radiographic findings. Radiology 1989, 171, 613-618. [CrossRef]

Lopes, A.].; de Menezes, S.L.; Dias, C.M.; de Oliveira, ].F.; Mainenti, M.R.; Guimaraes, E.S. Comparison between cardiopulmonary
exercise testing parameters and computed tomography findings in patients with thoracic sarcoidosis. Lung 2011, 189, 425-431.
[CrossRef] [PubMed]

Brauner, M.W.; Lenoir, S.; Grenier, P.; Cluzel, P,; Battesti, ].P.; Valeyre, D. Pulmonary sarcoidosis: CT assessment of lesion
reversibility. Radiology 1992, 182, 349-354. [CrossRef]

Mirsaeidi, M.; Machado, R.E; Schraufnagel, D.; Sweiss, N.J.; Baughman, R.P. Racial difference in sarcoidosis mortality in the
United States. Chest 2015, 147, 438-449. [CrossRef]

Tukey, M.H.; Berman, J.S.; Boggs, D.A.; White, L.F.; Rosenberg, L.; Cozier, Y.C. Mortality among African American women with
sarcoidosis: Data from the Black Women'’s Health Study. Sarcoidosis Vasc. Diffus. Lung Dis. 2013, 30, 128-133.

Sartwell, PE.; Edwards, L.B. Epidemiology of sarcoidosis in the U.S. Navy. Am. J. Epidemiol. 1974, 99, 250-257. [CrossRef]
Reich, .M. Mortality of intrathoracic sarcoidosis in referral vs population-based settings: Influence of stage, ethnicity, and
corticosteroid therapy. Chest 2002, 121, 32-39. [CrossRef]

Swigris, J.J.; Olson, A.L.; Huie, T].; Fernandez-Perez, E.R.; Solomon, J.; Sprunger, D.; Brown, K.K. Sarcoidosis-related mortality in
the United States from 1988 to 2007. Am. . Respir. Crit. Care Med. 2011, 183, 1524-1530. [CrossRef] [PubMed]

Boucly, A.; Cottin, V.; Nunes, H.; Jais, X; Tazi, A.; Prévot, G.; Reynaud-Gaubert, M.; Dromer, C.; Viacroze, C.; Horeau-Langlard, D.;
et al. Management and long-term outcomes of sarcoidosis-associated pulmonary hypertension. Eur. Respir. J. 2017, 50, 1700465.
[CrossRef] [PubMed]

Zhang, S.; Tong, X.; Zhang, T.; Wang, D.; Liu, S.; Wang, L.; Fan, H. Prevalence of Sarcoidosis-Associated Pulmonary Hypertension:
A Systematic Review and Meta-Analysis. Front. Cardiovasc. Med. 2021, 8, 809594. [CrossRef] [PubMed]

Walsh, S.L.; Wells, A.U.; Sverzellati, N.; Keir, G.J.; Calandriello, L.; Antoniou, K.M.; Copley, S.J.; Devaraj, A.; Maher, T.M.; Renzoni,
E.; et al. An integrated clinicoradiological staging system for pulmonary sarcoidosis: A case-cohort study. Lancet Respir. Med.
2014, 2, 123-130. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1007/s00330-012-2427-0
https://www.ncbi.nlm.nih.gov/pubmed/22466512
https://doi.org/10.1097/RTI.0000000000000220
https://www.ncbi.nlm.nih.gov/pubmed/27262146
https://doi.org/10.1183/13993003.01011-2016
https://www.ncbi.nlm.nih.gov/pubmed/27811068
https://doi.org/10.1164/rccm.201803-0444PP
https://doi.org/10.1148/radiology.171.3.2717730
https://doi.org/10.1007/s00408-011-9316-1
https://www.ncbi.nlm.nih.gov/pubmed/21858420
https://doi.org/10.1148/radiology.182.2.1732948
https://doi.org/10.1378/chest.14-1120
https://doi.org/10.1093/oxfordjournals.aje.a121609
https://doi.org/10.1378/chest.121.1.32
https://doi.org/10.1164/rccm.201010-1679OC
https://www.ncbi.nlm.nih.gov/pubmed/21330454
https://doi.org/10.1183/13993003.00465-2017
https://www.ncbi.nlm.nih.gov/pubmed/29051269
https://doi.org/10.3389/fcvm.2021.809594
https://www.ncbi.nlm.nih.gov/pubmed/35111830
https://doi.org/10.1016/S2213-2600(13)70276-5

	Introduction 
	Imaging in Sarcoidosis—General Principles 
	Imaging in Sarcoidosis: Plain CXR vs. High-Resolution Computed Tomography 
	Imaging in Pulmonary Sarcoidosis: Other Imaging Modalities 

	CT Detection and Diagnosis of Sarcoidosis 
	Intra-Thoracic Nodal Enlargement 
	Nodules 
	Masses and Consolidation 
	Ground-Glass Opacification 
	Airway Disease 
	Pulmonary Fibrosis 

	Uncommon CT Manifestations and Complications in Pulmonary Sarcoidosis 
	Cavitation 
	Fungal Colonisation 
	Pleural Disease 
	Pulmonary Hypertension 
	Halo/Reversed-Halo Sign 

	Disease Monitoring in Pulmonary Sarcoidosis 
	CT Phenotypes in Sarcoidosis 
	Disease Quantification and Prognostication in Sarcoidosis 
	Morphological–Functional Relationships in Sarcoidosis 
	Reversible, Irreversible and Progressive Disease in Sarcoidosis 
	Factors Contributing to and Predictors of Mortality in Sarcoidosis 

	Summary 
	References

