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ABSTRACT

Pulmonary manifestations, including
airway involvement and interstitial
lung disease, are the most frequent
extra-glandular complications of pri-
mary Sjogren’s syndrome (pSS). Chest
high-resolution computed tomography
(HRCT) is a cornerstone of pulmonary
diagnostic imaging, aiming to detect,
characterise, and quantify such condi-
tions. In patients with pSS-related lung
abnormalities, HRCT proved helpful
in various clinical scenarios, includ-
ing baseline and follow-up evaluation,
assessment of superimposed infections,
suspected progressive interstitial lung
diseases, and acute exacerbation. This
review aims to provide a primer for
rheumatologists on chest HRCT, illus-
trating the up-to-date technique, imag-
ing findings, and clinical indications in
pSS and highlighting the importance of
rheumatologist-radiologist ~ construc-
tive collaboration in the clinical man-
agement of such patients.

Introduction

Pulmonary involvement is one of the
most frequent extra-glandular compli-
cations of primary Sjogren’s syndrome
(pSS), with a broad spectrum of con-
ditions due to airway involvement and
interstitial lung diseases (1-3). The
prevalence of pulmonary involvement
in pSS varies across studies, according
to the detection methods (imaging, pul-
monary function testing, or both) and
patient selection criteria (asymptomat-
ic for lung involvement, symptomatic,
or mixed patients) (3, 4), ranging from
9-24% when considering only clini-
cally relevant respiratory disease (4-6),
and reaching up to 75% when includ-
ing subclinical disease (3, 7).

Chest high-resolution computed to-
mography (HRCT) is the imaging mo-

dality of choice to detect, characterise,
and determine the extent of airway and
lung disease. HRCT is also helpful in
identifying sites for bronchoalveolar
lavage and lung biopsy, guiding treat-
ment strategies, and predicting treat-
ment outcomes (8, 9). HRCT proved
to be an accurate imaging modality for
evaluating pulmonary abnormalities in
patients with connective tissue disor-
ders (CTD), including pSS (10-12).
The broad clinical spectrum of lung
complications in pSS has been exten-
sively reviewed (13-15). Nevertheless,
due to the potential impact of chest
HRCT on pSS patients’ management,
we believe there is a need to make the
rheumatologists conscious of the full
potential of this imaging modality, also
in the light of recent clinical guidelines
update (16) and upcoming therapies
that could impact in pSS management
(17, 18). This paper aims to provide a
primer for rheumatologists, illustrating
the state-of-art chest HRCT examina-
tion, imaging findings, and updated
clinical role in patients with pSS. We
briefly describe all these aspects with
synoptic tables, graphics, and example
illustrations, underlying the impor-
tance of rheumatologist—radiologist
cooperation in the clinical management
of patients with pSS.

Chest HRCT examination
State-of-art technique

Radiologists should perform chest
HRCT according to updated recom-
mendations to make the most of its
potential, as highlighted in Table I (8,
19-23).

Anatomo-radiologic correlation

Chest HRCT interpretation should rely
on a basic understanding of pulmonary
anatomy (19). In this regard, the sec-
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Table I. Recommended features and parameters to perform a high-quality, state-of-art chest high-resolution computed tomography.

Feature / parameter

Recommended choice

Rationale

Scan-related
Slice thickness

<1.5-mm

To approximate the size of lung secondary lobule structures

Reconstruction algorithm

Moderately high spatial
frequency (e.g., bone algorithm)

To show fine anatomic structures while avoiding excessive image noise

Gantry rotation time

<l1-sec

To reduce breath-hold time and motion artifacts

Tube current

Modulation technique

To image patients in a reduced radiation dose setting

Reconstruction technique

Tterative

To offset the image noise due to tube current modulation

Image windowing

Levels and widths ranging

from —600 to —700 and from 1000
to 1500 Hounsfield Units,
respectively

To appropriately display pulmonary structures.

An optimal protocol should always include complimentary images for
evaluation of mediastinal structures, e.g., lymph nodes, and pulmonary
artery diameter

Patient-related
Patient position

Supine position

This standard position is usually sufficient to describe the distribution of
lung abnormalities

Patient’s breathing

Suspended full inspiration

To maximise the natural contrast between air and pulmonary structures

Additional scan (mandatory at
first examination)

Expiratory scan

To characterise conditions in which a lung mosaic attenuation pattern at
inspiratory scan may be present, e.g. hypersensitivity pneumonitis, and
obliterative bronchiolitis

Additional scan (optional)

Prone position

To differentiate gravity-dependent abnormalities from early interstitial
lung disease

Other observations
Post-processing techniques

Multiplanar reformats,
three-dimensional reconstructions

To better evaluate the spatial distribution and the extent of the lung
abnormalities

Intravenous contrast agent

Usually not indicated

The intrapulmonary contrast can obscure subtle pulmonary findings,

administration

while adding little value to the interpretation of diffuse lung diseases

ondary pulmonary lobule represents
the smallest lung unit (10 to 25 mm
in diameter) of the lung architecture,
being of paramount importance for
proper HRCT interpretation of lung
abnormalities. It is composed of three
primary components: (i) the interlobu-
lar septa and septal structures, (ii) the
centrilobular region and centrilobular
structures, and (iii) the lobular paren-
chyma (24-25) (Fig. 1).

i. Interlobular septa and septal

structures

Interlobular septa are sheetlike struc-
tures 10-20-mm long that form the
borders of lobules, containing con-
nective tissue, lymphatic vessels,
and pulmonary venules (25-26). A
few septa are often visible at the lung
periphery in healthy patients. Septa
become conspicuous in various
pathological conditions, e.g. pulmo-
nary oedema, interstitial pneumonia,
lymphoproliferative disorders, and
amyloidosis (27).
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ii. Centrilobular region and

centrilobular structure

The central portion of the second-
ary pulmonary lobule contains the
pulmonary artery and bronchiolar
branches supplying the lobule, as
well as lymphatics and supporting
connective tissue (25). Centrilobu-
lar abnormalities include (a) nod-
ules, (b) linear branching opacities,
i.e. “tree-in-bud pattern”, indicating
small-airways disease, (c) intersti-
tial thickening or infiltration, and (d)
abnormal low attenuation areas due
to centrilobular emphysema (26).

iii. Lobular parenchyma
The functioning lung parenchyma
includes alveoli, small airways, and
branches of the pulmonary arteries,
veins, and lymphatics, supported by
a fine network of thin fibres within
the alveolar septa. Only a few in-
tralobular vascular branches are de-
tectable in healthy subjects, while
the lung acini are not visible (25).

Structures become conspicuous in
the case of lung pathologies, with
alveolar spaces filling with fluid or
cells: in this condition, the portions
of the affected parenchyma show
greater attenuation than healthy lung
areas (28).

Structured reporting

All the stakeholders across the health-
care system should behove a transition
from volume-based to value-based
healthcare, aiming to improve the
health outcomes achieved for the pa-
tient while reducing their costs (29, 30).
In this light, disease-based structured
reporting in clinical practice has been
regarded as a new process metric to en-
sure high-quality radiological activity
(31, 32). Indeed, the structured report
clarifies terminology and provides a
checklist to avoid missing relevant in-
formation, thus preventing ambiguity
and facilitating comparison with prior
studies (33, 34). A recent study involv-
ing patients with pSS and other CTD-
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ILD demonstrated that when radiolo-
gists provided structured reports of
chest HRCT, the referring rheumatolo-
gists perceived better completeness,
clarity, and clinical relevance than free
text reports (35). Moreover, structured
reporting improved radiology resi-
dents’ performance in reporting chest
HRCT in patients with connective tis-
sue diseases, including pSS (36).

HRCT findings of

PSS chest involvement

Figure 2 and Supplementary Tables
S1 and S2 report an updated, synopti-
cal resume of the chest HRCT findings
in patients with pSS, including airway
and lung parenchyma abnormalities.

Airways. Airway involvement in pSS
can occur in isolation or combination
with other pulmonary manifestations,
usually in the form of lymphocytic cell
infiltration and exocrine glands atrophy
(12). All the airway levels may be po-
tentially involved, i.e. trachea, bronchi,
or bronchioles, causing non-productive
cough, xerotrachea, and xerobronchi-
tis (52). While severe forms are rarely
observed (37), airway manifestations
may affect the quality of life, some-
times preceding CTD diagnosis by sev-
eral years (14).

Airway abnormalities are frequent
findings on chest HRCT, ranging from
48-68% (12). HRCT can detect the
involvement of central and peripheral
airways, with inflammatory infiltration
and fibrosis mainly resulting in bron-
chiectasis and bronchiolitis (5, 11, 14,
37-39,41,53-56).

Bronchiectasis. Bronchiectasis is an
irreversible, abnormal dilation of the
bronchi due to a vicious cycle of infec-
tion and inflammation (26, 57), corre-
lating with an augmented risk of devel-
oping respiratory infections and pneu-
monia (57). Patients present variable
and non-specific symptoms, including
dry cough, wheezing, dyspnoea, and
rarely haemoptysis.

HRCT shows bronchial dilatation com-
pared to the accompanying pulmonary
artery (i.e. the signet ring sign), lack
of bronchial tapering, and visibility
of the bronchial branches within 1 cm
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Interlobular
septa

Fig. 1. The secondary pulmonary lobule. A. Axial HRCT magnification of the right upper lung lobe
shows normal secondary pulmonary lobules. B. The detail of the HRCT image and the corresponding
drawing scheme illustrate the normal anatomy of the smallest lung unit.
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Fig. 2. Bar charts illustrating the prevalence of airway involvement and interstitial lung disease pat-
terns in patients with pSS-related lung disease. For each sign and pattern, the percentage value repre-
sents the weighted arithmetic mean of the prevalences reported in literature.

- Airway involvement: references 3, 5, 6, 11, 37-46;

- ILD pattern: references 41, 43-45,47-51.

from the pleural surface (26). In pSS,
bronchiectasis predominantly presents
a cylindrical shape, with lower lobes
location (13, 57) (Fig. 3).

Bronchiolitis. Bronchiolitis in pSS has
a prevalence comprised between 12%
in biopsy-proven cases and up to 29%
with HRCT evaluation (3, 5, 11, 38,
41). It can be classified into two main
types: follicular bronchiolitis (FB) and
constrictive or obliterative bronchioli-
tis (OB), with the former more frequent
than the latter (58).

FB derives from an antigenic stimula-
tion and subsequent polyclonal hyper-
plasia of the bronchus-associated lym-

phoid tissue, showing reactive germi-
nal centres along the bronchovascular
bundles (59, 60). HRCT may reveal
signs of bronchiolar inflammation, i.e.
nodular, centrilobular, or ground-glass
opacities, mild thickening of interlobu-
lar septa and bronchovascular bundles,
and tree-in-bud pattern (26). Occasion-
ally, air cysts occur, making a true con-
tinuum with lymphocytic interstitial
pneumonia (LIP) (Fig. 4) (61).

OB is a rare form of bronchiolitis,
poorly understood, and typically as-
sociated with progressive airflow ob-
struction (58). Submucosal fibrous tis-
sue narrows the terminal and respira-
tory bronchioles’ lumen while sparing

Clinical and Experimental Rheumatology 2022
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Fig. 3. Bronchiectasis. A. Minimum Intensity Projection (minIP) 5-cm-thick coronal oblique HRCT im-
age shows dilated peripheral bronchi in both lower lobes, with a lack of distal tapering (curved arrows).

B. The axial HRCT magnification of the left lower lung lobe shows bronchi larger than the correspond-
ing arteries (signet ring sign, arrowheads).

Fig. 4. Follicular bronchiolitis. HRCT image of
the left lung shows small subsolid nodules with
peripheral, peribronchial distribution (curved ar-
row). Scarce cysts with regular shape and thin
wall (arrowhead) and subtle subpleural intersti-
tial thickening (straight arrow) are also visible.

the distal lung parenchyma (59, 62).
Chest HRCT usually reveals a mosaic
attenuation pattern with air trapping on
expiratory images (Fig. 5) (58).

Interstitial lung disease

Interstitial lung disease (ILD) is a fre-
quent pulmonary manifestation of pSS,
with prevalence widely ranging from
6-79% (5,6, 11, 38,39,42-44,47,53,
56, 63). Older age, smoking, increased

Clinical and Experimental Rheumatology 2022

Fig. 5. Obliterative bronchiolitis.

A. Inspiratory HRCT image shows a faint mo-
saic attenuation pattern due to subtle differences
in density between adjacent secondary lobules.
B. The corresponding end-expiratory HRCT im-
age enhances differences in lobular attenuation,
with darker areas representing air trapping distal
to obliterative bronchiolitis (arrows).

antinuclear antibodies, rheumatoid fac-
tor titre, and C-reactive protein levels
have been described as potential risk
factors for ILD development (44, 48,
64-66). Symptoms are non-specific,
including dyspnoea and dry cough.

nography in Sjogren’s syndrome / L. Cereser et al.

Fig. 6. Interstitial lung disease with nonspecific
interstitial pneumonia (NSIP) pattern. HRCT
image depicts bilateral, symmetrical areas of
ground-glass attenuation with diffuse distribu-
tion and associated with signs of fibrosis, i.e.
reticulation and traction bronchiectasis (curved
arrow).

On clinical examination, inspiratory
“crackles” may be heard at the lung
bases. Pulmonary function tests reveal
constrictive changes (52).

The pathological and HRCT classifi-
cation of idiopathic interstitial pneu-
monia (IIP) patterns can be translated
into the setting of CTD-ILD (67, 68).
Similar to IIP, the correlation between
pathological and HRCT findings in
CTD-ILD is good (43, 69), allowing a
confident HRCT-based ILD diagnosis,
while avoiding lung biopsy (70).
Non-specific interstitial pneumonia
(NSIP) (Fig. 6) is the most common
pSS-ILD pattern. Less frequent HRCT
patterns include usual interstitial pneu-
monia (UIP), organising pneumonia
(OP), and LIP (2, 52). Of note, patients
frequently present with a combination
of different pathological and HRCT
patterns (43, 69), often with the coex-
istence of airway abnormalities (12).
When chest HRCT shows an NSIP and/
or OP pattern, causes other than pSS
should be excluded, i.e. drug toxicity
and infection (12).

Features associated with a worse
prognosis in pSS-ILD are heterogene-
ous. Various studies assessed the de-
mographic, serological, and clinical
features associated with a worse out-
come, with mixed results. Some au-
thors reported that pSS-ILD was more
commonly detected in males, older
patients, and smokers, suggesting that
aging, cigarette smoking, and ANA
positivity may be potential risk factors
in developing ILD in pSS patients (44).
Other authors detected higher levels
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of erythrocyte sedimentation rate, C-
reactive protein, fibrinogen, IgG, and
C3 and lower levels of albumin in
ILD-pSS patients compared with pSS
patients without ILD (71). Clinical and
serological features associated with the
progression of ILD included male sex,
non-sicca disease onset, and higher
levels of baseline lactic dehydrogenase
(LDH), as well as low baseline forced
vital capacity (FVC) (72). Novel blood
biomarkers are under study as predic-
tors of the prognosis for pSS-ILD pa-
tients, including Krebs von den Lun-
gen-6 (KL-6). High blood KL-6 level
has been recently reported as an inde-
pendent prognostic factor for survival
in patients with pSS-ILD (73). Further
risk factors associated with death are
decreased FVC and forced expiratory
volume (FEV1), as well as severe lung
involvement (74). A higher CO2 arte-
rial pressure, and lymphoblastic foci in
biopsy samples have also been report-
ed as associated with death in ILD-pSS
patients (75). Of note, patients with
pre-existing ILD seem at risk of acute
exacerbation, which is associated with
poor prognosis and high mortality (76).
Furthermore, He SH e al. showed that
pSS patients with progressive ILD were
characterized by low baseline FVC,
high baseline LDH, and more reticular
pattern on chest HRCT, compared with
stable ILD-pSS subjects. The antinu-
clear antibodies (ANA) spectrum was
not different between these two groups
(72). In contrast, the absence of honey-
combing and higher levels of oxygen
partial pressure (PaO2) were associ-
ated with increased survival (41), and
sicca complaints at initial referral and
preserved baseline FVC resulted in be-
ing protective from ILD progression
(72).

Focus on LIP. LIP is a rare disease that
classically develops in patients with
pSS (14), with a reported prevalence of
about 1% (77) and rarely preceding the
pSS clinical manifestations (78). LIP is
characterized by severe and diffuse hy-
perplasia of bronchus-associated lym-
phoid tissue. The diffuse polyclonal
lymphoid cell infiltrate surrounds the
airways and expands the lung interstiti-
um (26), particularly the alveolar septa
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(12). Severity and distribution of the
lymphoid infiltrate are variable, thus
determining a continuum of various
conditions (14, 60), including (i) FB,
where the lymphoid infiltrate is lim-
ited to the peribronchiolar lymphoid
follicle (60); (ii) cellular NSIP, with a
lower density of infiltrates compared to
LIP (14); (iii) diffuse lymphoid hyper-
plasia, where lymphocytes are distrib-
uted along the lymphatics (interlobular
septa, bronchovascular bundles, and
pleura); and (iv) LIP, which may be
considered both a lymphoproliferative
disorder and an interstitial pneumonia.
While diffuse lymphoid hyperplasia
and LIP differ in the anatomical dis-
tribution of the lesions (that is, respec-
tively, predominantly perilymphatic
and alveolar), from a clinical point of
view, the two conditions exhibit no dif-
ferences (12).

Bilateral ground-glass opacities and
well-defined, thin-walled, peri-bron-
chovascular cysts are the main HRCT
findings (Fig. 7) (79). Ground-glass
opacities mirror infiltration by inflam-
matory cells, which causes airway
compression, expansion of terminal
bronchioles, and cysts development
(77). Other findings include interlobu-
lar and peribronchovascular interstitial
thickening and blurred centrilobular or
subpleural nodules (12).

Lymphoma and other malignancies

Non-Hodgkin’s B-cell Lymphoma
(NHL) is one of the major complica-
tions of pSS, representing the leading
cause of patient decreased survival
(80-82). It occurs in 5—7% of primary
and secondary SS patients, who carry
a 7-fold increased risk of developing
lymphoma than the normal population
(83). In most cases, lymphomas arise
from salivary glands, particularly the
parotid glands, but they can also in-
volve nodes or extranodal organs, in-
cluding the lung (83-85). The chronic
polyclonal lymphocytic infiltration of
airways and lung parenchyma can pro-
gress to a monoclonal B-cell prolifera-
tion, with a high risk for NHL devel-
opment (12). Mucosa-associated lym-
phoid tissue (MALT) lymphoma is the
most common subtype of NHL in pSS
(86-88), with slow growth and a fa-

Fig. 7. Lymphoid interstitial pneumonia (LIP).
The coronal HRCT image shows a few bilateral,
thin-walled, regular-shaped air-containing cysts
with peri-vascular locations (curved arrows).
Rare, small centrilobular nodules are also visible
(arrowheads).

Fig. 8. Pulmonary mucosa-associated lymphoid
tissue (MALT) lymphoma. HRCT image shows
a 3-cm large mass-like consolidation area in the
left lower lobe, with regular margins and internal
air-bronchogram (arrowhead).

vourable prognosis (12). Indeed, only a
small percentage of MALT lymphomas
progress to diffuse large B-cell lym-
phomas (DLBCL) (37,89). Symptoms
are generally absent or mild, including
slowly progressive cough, dyspnoea,
and classic B symptoms (52).

Chest HRCT findings of pulmonary
MALT lymphoma include solitary or
multiple consolidation areas located
along the bronchovascular bundle,
with frequent air bronchogram, as an
effect of marked interstitial expansion
(Figure 8). Traction bronchiectasis,
interlobular septal thickening within
or around the lesion, bilateral nodules,
and masses are also possible (12, 90,
91). Mediastinal lymphadenopathy and
pleural effusions may also be present.
Of note, HRCT can help differentiate
LIP and MALT lymphoma in case of
coexistence: indeed, cysts are often

Clinical and Experimental Rheumatology 2022



found in LIP, while large nodules, con-
solidation, and pleural effusions sug-
gest lymphoma (92).

Previous studies demonstrated that pSS
carries an increased risk of lung cancer
(93), with standardised incidence ratio,
i.e. the ratio of the observed number of
cases of cancer in pSS patients to the
expected number of cases in the general
population, of 1.55 (95% C.I. 1.29-1.85)
(94). Since an association between lung
adenocarcinoma and LIP in patients
with pSS has been reported, the appear-
ance of new nodular lesions at chest CT
should include lung cancer in the differ-
ential diagnosis (Fig. 9) (84, 95).

Amyloidosis

Amyloidosis is a heterogeneous group
of localized or systemic disorders
caused by extracellular deposition as
fibrils of misfolding autologous pro-
tein, whose type is determinant for
clinical classification (96). Pulmonary
amyloidosis is a rare complication of
pSS, presenting in up to 10% of pa-
tients with pSS and ILD (2, 97).

While histopathology provides a defi-
nite diagnosis and amyloid typing
(light-chain amyloidosis in most cases)
(97,98), chest HRCT can raise the sus-
picion of lung parenchymal amyloid
involvement (99). The typical presen-
tation consists of multiple cystic le-
sions, with random distribution and
without zonal predominance, associ-
ated with small, randomly distributed,
multiple nodules (100, 101). Nodules
can be solid or mixed attenuation, with
occasional cavitation or calcification
(89, 99, 102). Parenchymal opacities,
bronchiectasis, or areas of septal thick-
ening may also be present (100, 101)
(Figure 10). LIP is the main radiologi-
cal differential diagnosis, presenting
with cysts that are bigger (up to 3-cm
in diameter) and fewer, with bilateral,
peri-lymphatic distribution, along with
more frequent ground-glass opacities,
consolidation areas, small nodules, and
interstitial thickening (102).

Pulmonary hypertension

Pulmonary hypertension (PH) is an
altered haemodynamic state defined
by an increase in mean pulmonary ar-
terial pressure (mPAP) >20 mmHg at
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Fig. 9. Pulmonary adenocarcinoma. HRCT im-
age shows a 3-cm large mass-like area of con-
solidation in the right lower lobe, with subpleural
location, micro-spiculated margins, and abutting
pleural effusion.

Fig. 10. Lung amyloidosis. HRCT image shows
rare, bilateral thin-walled regular-shaped cysts

and solid nodules that are heterogeneous in size
(arrows) and partially calcified (arrowhead).

rest at right heart catheterisation (103).
PH has been classified into five clini-
cal groups, namely (I) pulmonary arte-
rial hypertension (PAH); (I) PH due to
left-sided heart disease; (III) PH due
to chronic lung disease; (IV) chronic
thromboembolic PH; and (V) patients
with unclear and/or multifactorial
mechanisms (104).

In patients with pSS, PH mainly be-
longs to group I (105, 106). Limited
data support the association between
pSS and both group III and group IV
PH due to fibrotic ILD with hypoxia
(107, 108) and inherently increased
risk of thromboembolic disease (par-
ticularly when associated with the an-
tiphospholipid syndrome) (109, 111),
respectively.

Chest CT may raise the suspicion of
PH by showing an increased pulmo-
nary artery diameter (=29 mm), a pul-
monary-to-ascending aorta diameter
ratio =1, and a segmental artery-to-
bronchus ratio =1 in three or four lobes

= N

/28 mm ‘\\ «

38 mm

\ &

Fig. 11. Pulmonary hypertension. Measurement
of the pulmonary artery (PA, curved arrow) and
ascending aorta (AA, straight arrow) diameters
were obtained in an axial HRCT image with me-
diastinal windowing. PA diameter is larger than
the normal values (>29-mm) and the AA diam-
eter at the same level, suggesting pulmonary hy-
pertension. No relevant pulmonary abnormalities
were present (not shown).

(Figure 11) (112). Other relevant chest
CT features in patients with established
or suspected PH may help differentiate
group I pSS-PH from the other groups.
These features include lung fibrosis or
emphysema extension (if <20% is un-
likely to cause PH); signs that should
raise the suspicion of pulmonary veno-
occlusive disease, i.e. centrilobular
nodules and smooth interlobular septal
thickening; ancillary sign of chronic
thromboembolic pulmonary hyperten-
sion, i.e. peripheral calcification and
eccentric filling defects in pulmonary
arteries (113).

The clinical role of chest HRCT

Chest HRCT is crucial in assessing lung
involvement in patients with pSS (16).
Other diagnostic tools include com-
plete pulmonary function tests (PFTs)
and chest radiograph (CXR). More-
over, when pSS patients present with
respiratory symptoms, bronchoscopy
with bronchoalveolar lavage (BAL)
may be of help in ruling out infections
and other endobronchial abnormalities
(e.g. amyloidosis), as well as in deter-
mining other causes of sicca symptoms
(e.g. sarcoidosis) (16). Various stud-
ies reported increased lymphocytosis
on BAL specimens (41, 114), which
may predict a higher risk for mortal-
ity and an increased need for immuno-
logic treatment (52, 115). Dissimilarly,
Salaffi er al. reported that the presence
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of alveolar neutrophils (neutrophilic
BAL) was associated with a signifi-
cantly greater reduction of carbon
monoxide diffusing capacity (DLCO)
compared with lymphocytosis on BAL
(116). In recent years, the possibility of
quantifying cytokine levels on BAL is
gaining interest, and some authors are
aiming to explore the expression and
significance of various chemokine (i.e.
CCL18) and miRNA (i.e. miR-200c)
in patients with CTD-ILD (117,118).
Further studies are needed to provide a
complete picture of BAL'’s role in pSS-
related lung involvement.

When dealing with chest HRCT and
pSS, two different clinical scenarios
can be described, which are “when pSS
is known” and “when pSS is (still) un-
known”, respectively.

When pSS is known

Chest HRCT indications. Due to the
high prevalence of subclinical pulmo-
nary disease and the risk of overlook-
ing/misinterpreting non-specific res-
piratory symptoms, clinical practice
guidelines recommend ruling out lung
involvement in patients with known
CTD (16). Indeed, newly-diagnosed
pSS patients that are without respirato-
ry symptoms may undergo pulmonary
function tests (PFTs) and chest radio-
graph (CXR). The main aims of CXR
include (i) identification of pulmonary
involvement despite the absence of
symptoms; (ii) detection of alternative
diagnosis or other pathologies associat-
ed with pSS, e.g. sarcoidosis, vasculitis,
and lymphoma; (iii) providing a time-
zero snapshot for future comparisons.
Chest HRCT should serve as a second-
level imaging modality to characterise
CXR-detected findings or when en-
countering abnormalities at baseline
PFTs (restrictive pattern or DLCO re-
duction) and should be regarded as the
preferred imaging modality whenever
there is a concern for lung involve-
ment or ILD is suspected (16). Points
of strength of HRCT include the ca-
pability of identifying ILD, estimat-
ing the extent of lung involvement,
and detecting concurrent or alternative
abnormalities (e.g. emphysema or pul-
monary hypertension) that may impact
pulmonary function tests (119).
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While there is a strong recommenda-
tion to perform serial PFTs every 6
months in asymptomatic patients with
pSS-related ILD, the timing for follow-
up HRCTs should be scheduled on a
per-patient basis, according to clinical,
functional, and radiological findings.
HRCT is of help in assessing disease
progression or lung complications,
including lymphoproliferative abnor-
malities, acute exacerbations, and al-
ternative diagnoses such as infection or
drug-induced pneumonitis (119).

Progressive fibrosing interstitial lung
diseases. The clinical course of pSS-
related ILD is usually milder than other
CTD-ILD or idiopathic pulmonary fi-
brosis (IPF) (72). However, when ILD
progression occurs, it leads to clinical
deterioration, impaired quality of life,
and a higher rate of morbidity and mor-
tality (14, 120-123). The progressive
decline of lung function can derive from
progressive pulmonary fibrosis. Indeed,
patients with fibrotic ILD may show a
disease course similar to IPF (i.e. the
archetypal ILD with progressive phe-
notype), the proportion of patients de-
veloping a progressive fibrosing pheno-
type depending on the ILD type (123).
Fibrosing ILDs may benefit from anti-
fibrotic drugs such as nintedanib, which
demonstrated to reduce the progression
of lung fibrosis in patients with ILD
other than IPF, including CTD-ILD
(17). Although the study cohort of the
INBUILD trial included no patients
with pSS, the results suggested that all
the progressive fibrosing ILDs share a
similar pathobiological mechanism, re-
gardless of the clinical diagnosis (124).
Therefore, it has been proposed that
anti-fibrotic therapies may also benefit
pSS-related progressive fibrosing ILD
(PF-ILD) (14, 125).

No standard definition of PF-ILD ex-
ists, all relying on different combina-
tions of clinical, functional, and imag-
ing findings modifications within 24
months (Fig. 12) (17, 72, 123, 126,
127). While all the proposed defini-
tions include the evaluation of lung
fibrosis extent through HRCT, no
specific criteria concerning the term
“progressive” at imaging have been
provided yet (123, 128, 129).

i
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Fig. 12. Progressive fibrosing interstitial lung
disease. A. Initial chest HRCT shows bilateral,
subpleural, subtle interstitial reticulation.

B. Chest HRCT performed nearly two years later
showed progression of interstitial abnormalities,
with peripheral ground-glass areas superimposed
to intralobular septal thickening and mild bron-
chiectasis.

In patients with pSS-related ILD, the
risk of ILD progression should not be
underestimated, the prevalence rang-
ing from 20-50% of cases (17, 50, 72,
128, 130, 131). A few papers only in-
vestigated the potential association be-
tween specific signs at baseline HRCT
and the subsequent development of
PF-ILD, with conflicting results. In-
deed, while Zhang et al. reported that
the UIP pattern was a predictor of ILD
progression (50), Enomoto et al. and
He et al. did not find different survival
rates when comparing patients with
NSIP and UIP patterns (72, 75). He et
al. also showed that an extensive retic-
ular pattern was more frequent in pro-
gressive than stable ILD (72). Further
studies are needed to identify baseline
HRCT features predicting PF-ILD,
thus helping identify patients who may
benefit from more frequent follow-up
and aggressive therapies.

CTD-ILD acute exacerbation. Bor-
rowing the acute exacerbation (AE)-
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IPF criteria, AE occurring in pSS-
related ILD has been defined as an
acute, clinically significant respiratory
deterioration with new, widespread al-
veolar abnormalities (132-134). Two
types of AE exist, namely “idiopathic”
AE if no inciting cause is identified,
and “triggered” AE when a known
external event, e.g. interventional pro-
cedure, drug toxicity, infection, or as-
piration, leads to the acute lung injury
(132). Only a few studies reported the
incidence of AE in pSS-related ILD,
ranging from 6-11% (75, 131-135).
Chest HRCT plays a central role in the
CTD-ILD AE diagnosis due to inher-
ent transbronchial and surgical lung
biopsy limitations, i.e. the problem-
atic identification of acute lung injury
in small lung tissue and the high risk
of complications, respectively (132).
The recognition at HRCT of new bi-
lateral ground-glass abnormalities
and/or consolidations, superimposed
on a background consistent with UIP
pattern, is a cornerstone of CTD-ILD
AE diagnosis once cardiac failure and
fluid overload are excluded (134, 136)
(Fig. 13).

Pulmonary drug toxicity. Patients with
uncontrolled systemic disease, particu-
larly with severe organ impairment,
may benefit from glucocorticoids asso-
ciated with immunosuppressive agents
as glucocorticoid-sparing agents (137).
Since some immunosuppressors, in-
cluding biologic drugs, have been as-
sociated with interstitial pneumonia,
they should be used carefully in ILD
patients due to the risk of lung toxicity.
HRCT findings include those typically
encountered in hypersensitivity pneu-
monitis, OP, AIP, or pulmonary fibrosis
pattern, and pleural effusion (14, 138).
As a second-line treatment option, B-
cell targeted therapies (e.g., rituximab)
may be considered in pSS patients
with refractory, severe systemic dis-
ease, particularly when associated with
cryoglobulinaemic vasculitis (137) and
ILD (139). Although rituximab car-
ries a higher risk of infection and acute
lung toxicity in patients with CTD-
ILD (140, 131), no cases of rituximab-
induced lung toxicity in patients with
pSS have been reported.
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Fig. 13. Acute exacerbation of interstitial lung
disease. A. Initial chest HRCT shows extensive
fibrosing lung disease, with usual interstitial
pneumonia (UIP) pattern.

B. Chest HRCT performed at the time of clini-
cal worsening revealed the appearance of dif-
fuse, bilateral ground-glass areas involving the
non-fibrotic lung regions (asterisks), suggesting
diffuse alveolar damage. The lung fibrosis global
extent did not change.

When pSS is (still) unknown
Interstitial lung abnormalities. The
term ““interstitial lung abnormalities”
(ILA) refers to chest HRCT-detected,
incidental, diffuse, non-dependent pul-
monary abnormalities with a thresh-
old of 5% to exclude minimal find-
ings (142). HRCT studies involving
large cohorts of asymptomatic patients
showed an ILA prevalence of 4-9% in
cigarette smokers and 2—7% in never-
smokers (143).

While HRCT-detected pulmonary ab-
normalities in patients with known
pSS should be regarded as subclinical/
preclinical ILD and not ILA (143), the
presence of ILA in “naive” patients
should prompt excluding an occult
CTD among the possible secondary
causes (e.g. cigarette smoking, inha-
lation exposures, drug toxicity, and
recurrent aspirations) (142). Indeed,
10-51% of patients may develop lung
manifestations years before pSS clini-

cal onset, thus making an early diagno-
sis difficult (97). In this light, previous
studies suggested performing minor
salivary gland biopsy when evaluat-
ing patients with lung abnormalities of
undetermined aetiology to identify the
salivary component of pSS (144-146).
From an imaging point of view, in the
case of ILA, a follow-up HRCT exami-
nation (within 12 months or sooner in
case of newly onset symptoms or im-
paired pulmonary function) has been
advised, mainly when ILA presents
with subpleural location and fibrotic
appearance (142).

Interstitial pneumonia with autoim-
mune features. The European Respira-
tory Society and American Thoracic
Society (ERS/ATS) research statement
proposed the term “interstitial pneumo-
nia with autoimmune features” (IPAF)
to describe a heterogeneous group of
patients that present radiological or his-
topathological ILD with autoimmune
features (147). Chest HRCT plays a
major role in defining IPAF providing
suggestive ILD patterns (NSIP, OP,
NSIP/OP, and LIP), and showing mul-
ti-compartment involvement, includ-
ing unexplained pleural/pericardial ef-
fusion or thickening, airways disease,
and indirect signs of pulmonary vascu-
lopathy (147).

Previous authors highlighted the risk
of underdiagnosing pSS in patients
defined as having IPAF due to lack of
the dry eye test (DET) and histopatho-
logical major salivary glands biopsy
(MSGB) among the IPAF clinical and
morphologic domain-defining features
(146, 148). Indeed, both DET and
MSGB are within the pSS classifica-
tion criteria set proposed by the Ameri-
can College of Rheumatology (ACR)
and the FEuropean League Against
Rheumatism (EULAR) (149). On
these bases, although neither HRCT
nor histopathological pattern of lung
involvement could differentiate be-
tween patients with and without pSS,
Autieri et al. demonstrated that 27/67
(41%) patients with IPAF fulfilled the
criteria for being reclassified as having
pSS, thus allowing their categorization
despite an undefined ILD (146). Fur-
ther studies with prospective designs
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and long-term follow-up are needed
to refine IPAF features, outcomes, and

management, including the timing of

HRCT follow-up (148, 150).

Conclusion

Chest HRCT is a cornerstone imaging
modality for detection, characterisa-
tion, and extent determination of pSS
pulmonary manifestations, including
airways and interstitial lung diseases.
Basic knowledge of chest HRCT tech-
nical aspects, imaging findings, and
current role in patients with pSS is
something the rheumatologist should
know in the light of constructive col-
laboration with chest-devoted radiolo-
gists to improve patient management.
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