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Abstract
Objective. The aim was to determine the place of magnetic resonance imaging (MRI ) and

ultrasonographic (US) examination in the diagnosis and follow-up of Sjögren’s syndrome
(SS).

Methods. Parotid MRI and US examinations were carried out on 44 primary SS patients
and 52 controls of similar age.

Results. The most important structural changes in SS were different degrees of parenchymal
inhomogeneity, which could be detected by both methods, and were found more frequently in
the SS patients than in the controls (MRI: 95.4 vs 17.3%; US: 88.6 vs 7.7%; P< 0.001). There
was good agreement between the MRI and US findings both in the SS cases (93.2%) and in
the controls (86.5%). In one SS patient who developed parotid lymphoma, the US
examination showed a hypoechoic ‘cobblestones’-like inhomogeneous internal pattern which
was coupled with an almost homogeneous MRI pattern.

Conclusions. MRI appears unnecessary as a routine method in the diagnosis of SS; US
examination is suitable both for the diagnosis and follow-up of SS. The above combination of
the seemingly contradictory US and MRI findings is highly characteristic of lymphoma which
has developed in the course of the disease.

K : Primary Sjögren’s syndrome, Ultrasonographic examination, Magnetic resonance
imaging, Lymphoma.

Primary Sjögren’s syndrome (SS) is a chronic inflam- salivary glands and sialography are considered to be the
most reliable methods for diagnosis of the oral compon-matory autoimmune disease affecting mainly the exo-
ent [3]. Nevertheless, the necessity of the simultaneouscrine glands. The involvement of the salivary and
performance of other tests is emphasized by mostlacrimal glands is an obligatory component of the dis-
authors [4–6 ], as both histology and sialography canease, resulting in xerostomia and xerophthalmia.
give a negative result in SS and they cannot be performedHistologically, SS is characterized by lymphoplasmacytic
in all cases. Understandably, great efforts have beeninfiltration, parenchymal destruction and later atrophy
made to find methods with appropriate sensitivity andof the affected glands. Besides the salivary and lacrimal
specificity, and imaging modalities such as salivary glandglands, other organs (respiratory tract, gastrointestinal
scintigraphy, ultrasonography (US), computed tomo-tract, vascular system, kidneys and joints) are often
graphy (CT ) and magnetic resonance imaging (MRI)involved, accompanied by either clinically manifest
have been introduced to diagnose the salivary manifesta-symptoms or only latent functional disturbances [1, 2].
tion of the disease [5, 7–10]. MRI is generally regardedWhile the ocular component of the disease, keratocon-
as an important modality which allows a non-invasivejunctivitis sicca, can be diagnosed accurately by objective
evaluation of the complex anatomy of the parotid glandtests, the assessment of the salivary gland manifestation
[11]. Parotid gland US has likewise proved to be ais more difficult. Of the various tests that have been
useful method for the diagnosis of SS [7, 8].applied to date, histological examination of the minor

Here, we present our findings on the clinical value of
parotid MRI as compared with that of US in the
detection of the oral component of SS. The aim was toSubmitted 25 February 1999; revised version accepted
determine the place of MRI and US in the diagnosis8 September 1999.
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Both axial and coronal scans were obtained on allPatients and methods
subjects, with a slice thickness of 5 mm (T1) and 6 mm

In 1997 and 1999, parotid gland MRI and US examin- (T2) without a gap. Following intravenous injection of
ations were performed on 44 (41 females and three the contrast medium gadolinium-diethylene-triamine-
males) primary SS patients with systemic symptoms and pentaacetic acid (DTPA) (Magnevist, Schering, Berlin;
on 52 controls (46 females and six males). All the 0.1 ml/kg body mass), axial and coronal images were
patients met the European Community criteria for SS taken again. During the examination, the structure and
[12]. The mean age of the SS patients was 53.6 yr (range size of the parotid gland, and its relationship to the
32–74), and the mean duration of xerostomia and/or surrounding tissues (masseter, parapharyngeal space)
parotid enlargement was 11.6 yr (range 3–23). was evaluated. In the evaluation of the parotideal

Three groups of subjects of similar age (mean 49.2 yr, structure, the stage categories described by Späth and
range 22–72) served as controls for the imaging exam- colleagues [10] were distinguished, with a slight modi-
inations. The first group (C1 : ‘healthy’ controls; n= 14) fication [grade 0, normal, homogeneous parenchyma;
consisted of four healthy volunteers and 10 patients grade 1, fine reticular or small nodular structure (dia-
with diseases generally not involving the salivary glands meter of nodules <2 mm); grade 2, medium nodular
(e.g. reflux oesophagitis, osteoporosis, renal stone, etc.). (2–5 mm in diameter); and grade 3, coarsely nodular
The second control group (C2 ; n= 27) comprised (>5 mm in diameter)] (Fig. 1). This modification seems
patients with diseases which can affect the glands (16 to be justified, as in this way the MRI categories become
patients with diabetes mellitus, five with hyperlipidaemia comparable with the US ones. The MRI scans were
and six with chronic liver disease). The third control evaluated by two independent examiners, who were
group (C3) consisted of 11 female patients with sicca unaware of the clinical diagnosis and of the opinion of
symptoms not fulfilling the criteria for definite SS. the other examiner.
Recurring subjective xerostomia occurred in all diabetic

Histologyand hyperlipidaemic patients, in two of the six patients
with chronic liver disease and in three of group C1 . A lower lip biopsy was performed for histological exam-

ination of the minor salivary glands in 38 SS patients.
US examinations The histology was considered positive if at least one
All the SS patients and the controls were examined with focus of �50 mononuclear inflammatory cells per 4 mm2
a real-time high-resolution US system (Acuson 128 XP, was found [3, 12]. A US-guided percutaneous parotid
Acuson Corp., CA, USA) equipped with a 7 MHz linear gland biopsy was performed in two SS patients in whom
transducer. As described previously, both parotids were palpation and imaging suggested the possibility of a
examined in transversal (in the cranial to caudal direc- malignant lymphoma.
tion) and longitudinal (in the anterior to posterior

Laboratory investigationsdirection) planes. The parenchymal homogeneity, echog-
enicity and size of the gland were evaluated. In normal Routine laboratory and immunoserological examin-
cases, the parenchyma is homogeneous. In the cases of ations were carried out on all patients: antinuclear anti-
parenchymal inhomogeneity (PIH), which is the most bodies (ANA; indirect immunofluorescence on rat liver
important structural change in SS, three grades of PIH substrate), IgM rheumatoid factor ( latex test, positive
were distinguished [7, 8]. In mild PIH (grade 1), a if titre �1:40), anti-native DNA (radioimmunoassay),
diffuse microareolar structure can be seen, the borders anti-SSA, anti-SSB, anti-RNP and anti-Sm antibodies
of the hypoechogenic areolae are blurred, and the are- (enzyme-linked immunosorbent assay; ImmunoDOT),
olae are <2 mm in diameter. In evident (moderately and concentrations of complement C3 (rocket immuno-
severe) PIH (grade 2), the hypoechogenic areas are electrophoresis) and serum immunoglobulins (Mancini
larger (2–6 mm in diameter), with a sharper border. In technique).
gross (severe) PIH (grade 3), large (>6 mm in diameter)

Statistical analysiscircumscribed hypoechogenic areas are also present
(Fig. 1). The parenchymal echogenicity was determined The Fisher exact test was applied for pairwise compari-
in comparison with that of the thyroid gland. The size son of the age of the patients, the duration of the
of the parotid was considered to be normal if its width salivary gland involvement and the clinical variables in
was 27± 7 mm. The US pictures were judged independ- the groups of SS patients exhibiting different structural
ently by two observers who were not aware of the patterns of parotids in the imaging examinations.
clinical diagnosis or the opinion of the other examiner.

ResultsMRI
MRI of the parotid glands was carried out with a 0.5 T As concerns the clinical picture of the SS patients, the

articular involvement was the most frequent systemicMR imager (Gyrex V Dlx Elscint, Elscint Ltd; Haifa,
Israel ) with a 256× 256 matrix. A head coil was used manifestation (97.7%). As indicated in Table 1, this was

followed, in the sequence of decreasing frequency, byon all subjects examined. The MR images were obtained
with spin-echo sequences (T1-weighted: TR/TE= involvement of the upper airways (from the nose inclu-

sive of the two main bronchi; 81.8%), vascular changes480 ms/20 ms; T2-weighted: TR/TE=4000 ms/100 ms).
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F. 1. Parenchymal patterns of the parotid glands on US and MRI examinations in patients with SS. (a) Homogeneous parotid
in a 47-yr-old SS patient on US (upper) and MRI ( lower) examinations. (b) Gross PIH in the parotids on US, and a coarsely
nodular pattern on MRI examination in a 46-yr-old SS patient.

(54.5%) and lower airway disease (from the segmental because of nodular parotids 13 yr ago (1986). As in the
former patient, the histological examination demon-bronchi to the small airways; 31.8%). In five of the 14

patients with lower airway involvement, high-resolution strated a benign lymphoepithelial lesion without signs
of malignancy. However, in this patient, a pulmonaryCT also showed lung fibrosis (mild in three and clinically

significant in two), and one of the 14 had interstitial B-cell lymphoma developed in 1998, 18 yr after the first
symptom of the disease.pneumonitis many years ago. As regards the laboratory

findings, the IgM rheumatoid factor and anti-SSA In the SS patients, characteristically of the disease,
both MRI and US examinations revealed the structuraland/or SSB antibody positivities were the most frequent

serological changes, with occurrences of 81.8 and 81.7%, changes in the parotids to be bilateral. A positive result
(inhomogeneous parenchyma) was obtained significantlyrespectively.

Parotid enlargement was observed in half of the SS more frequently by both imaging methods in the SS
patients than in the control groups (P< 0.001). MRIpatients. In one SS patient with enlarged parotids, a

B-cell lymphoma developed in both parotids in 1997, positivity was found in 42 (95.4%) and US positivity in
39 (88.6%) of the 44 SS patients. In the C1 and C26 yr after the onset of the disease (Fig. 2). In another

patient with enlarged nodular parotids, histological groups, a positive result was rare (US: 1/41; 2.4%, and
MRI: 5/41; 12.2%), and the structural changes wereexamination of the US-guided fine-needle biopsy speci-

men raised the possibility of a non-Hodgkin lymphoma, mild in all positive cases. In group C3 , the structural
changes were also mild, but the frequency of both USbut the histology on the surgically removed parotids did

not confirm a malignant transformation. In a third (3/11; 27.3%) and MRI (4/11; 36.4%) positivity was
slightly higher; US positivity proved to be significantlypatient, subtotal parotidectomy was likewise performed
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T 1. Main clinical manifestations and laboratory findings in (54.6%) and both negative in two (4.5%)], and incom-
patients with primary SS (n= 44) during the course of the disease plete in 15 (34.1%) (Fig. 3). In 14 of the latter 15

patients, there was only a difference of one gradeFrequency of
between the results of the two imaging methods (a moreoccurrence
severe US change in 13, a more severe MRI change in

Manifestations and laboratory findings n % one). In the remaining case, the inhomogeneity of the
glands was found to be marked on US examination

Parotid enlargement 23 52.3
(grade 3), with the suspicion of a lymphoma. In thisArticular 43 97.7
patient, the enlarged parotids exhibited a very fineVascular 24 54.5

Vasculitis 2 4.5 reticular (grade 1), almost homogeneous signal pattern,
Purpura 8 18.2 with low intensity in the T1-weighted sequence and high
Raynaud’s phenomenon 19 43.2 intensity in the T2-weighted sequence, supporting theRenala 12 27.3

possibility of a lymphoma. This was confirmed byUpper airway 36 81.8
histological examination of the US-guided fine-needleLower airwayb 14 31.8

B-cell lymphoma (6 and 18 yr after the first biopsy specimen and the surgically removed parotids.
symptoms) 2 4.5 Two groups of SS patients were differentiated on the

Anaemia 14 31.8 basis of the US findings: patients with a homogeneousLeucopenia 22 50.0
parotid gland parenchyma and mild PIH (grade 1), andAntibody positivity
patients with more advanced abnormalities (grade 2 orOnly anti-SSA 17 38.6

Only anti-SSB 2 4.5 3) which are of true diagnostic value [8]. There were no
Anti-SSA+SSB 17 38.6 significant differences between the patients in these two
IgM rheumatoid factor 36 81.8 groups as regards age, duration of salivary glandANA 27 61.4

involvement, articular, vascular, renal or airway mani-Hypergammaglobulinaemia 28 63.6
festations, presence of anaemia and/or leucocytopenia,

aRenal tubular acidosis, and histologically proven chronic tubulo- ANA and anti-SSA antibody positivity. In contrast,
interstitial nephritis in two of the 12 patients. parotid enlargement, anti-SSB and anti-SSA+SSB anti-

bLung fibrosis was also diagnosed in five of the 14 patients and body positivities, hypergammaglobulinaemia (P< 0.01)
lymphocytic interstitial pneumonitis in one. and IgM rheumatoid factor positivity (P< 0.001) were

significantly more frequent in the latter group. Similarly,
higher in this group than in group C2 (P< 0.05). There of the immunological variables, hypergammaglobulin-
was good agreement between the MRI and US findings aemia (P< 0.01), rheumatoid factor (P< 0.05) and
both in the SS cases (41/44; 93.2%) and in the control anti-SSB (P< 0.05) antibody positivities were more
groups (C1 : 13/14; 92.9%, C2 : 24/27; 88.9%, and C3 : frequent in the 32 SS patients with more severe MRI
8/11; 72.7%) (Table 2). The agreement was taken as changes (grade 2 or 3) than in the 10 patients with MRI
complete if the US and MRI grade categories were the abnormalities of grade 1. Because of the small number
same, and as incomplete if the MRI and US grades of of patients, the two MRI-negative cases were omitted
change were different. In all three control groups, MRI from this evaluation. The other laboratory parameters
and US results were always in complete agreement. In and the clinical manifestations, including the parotid
26 of the 44 SS patients, the agreement between the enlargement, did not differ significantly between the two

patient groups.MRI and US results was complete [both positive in 24

(a) (b)

F. 2. Parenchymal patterns of the parotid gland on US (a) and MRI (b) examinations in a 54-yr-old SS patient with B-cell
lymphoma. (a) US: unusually large, ill-defined hypoechoic area with a ‘cobblestones’-like internal pattern (I) in the parotid
corresponding to the lymphoma. (b) MRI: almost homogeneous fine reticular pattern of the lymphoma involving the whole
parotid gland (I).
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T 2. Relationship between MRI and US findings as concerns the parenchymal structure of the parotid glands in SS patients (n= 44) and
in the control groups (C1: n= 14 ‘healthy’ controls; C2: n= 27 patients with diabetes mellitus or hyperlipidaemia or chronic liver disease; and
C3: n= 11 patients with sicca symptoms not fulfilling criteria for definite SS)

MRI findings

SS C1 C2 C3

Fine R/ Fine R/ Fine R/ Fine R/
US findings H small N Medium N Coarse N H small N H small N H small N

H 2 3 – – 12 1 24 3 6 2
Mild PIH – 3 1 – – 1 – – 1 2
Evident PIH – 3 11 –
Gross PIH – 1 10 10

H, homogeneous parenchyma; PIH, parenchymal inhomogeneity; R, reticular pattern; N, nodular pattern.

Histology of the minor salivary glands of the lower in SS, displayed a good correlation (~85%) with the
results of sialography, scintigraphy and histology of thelip biopsy was chosen for the determination of the

sensitivity and specificity of the MRI and US examin- minor salivary glands [8]. However, only evident and
gross PIH can be regarded as being of true diagnostications. When all abnormal MRI changes (grades 1–3)

were taken as positive findings, the sensitivity of MRI value for the disease, since mild PIH can also be present
in other disorders with subjective xerostomia [7, 8].was high (100%), but its specificity was low (40%).

However, when only the advanced MRI stage categories MRI, another modern imaging modality, is considered
useful in the diagnosis of both tumorous and non-(grades 2 and 3) were taken as MRI-positive findings,

the MRI sensitivity remained good (81.8%), while its tumorous parotid diseases [10, 13–17], including SS. In
parotid tumours, MRI is held to be superior to all otherspecificity increased to 100%. With only the evident and

gross PIH (which are of true diagnostic value [7, 8]) imaging techniques [10, 13, 14]. The normal parotid is
usually homogeneous, with an intermediate signaltaken as positive findings, the sensitivity and specificity

of the US examinations were 90.9 and 100%, intensity (higher than that of the masseter, and lower
than that of the fat tissue) on T1-weighted sequences.respectively.
On T2-weighted images, the salivary glands also have a
higher signal intensity than that of the muscle, but equalDiscussion
to or lower than that of the fat [14–16, 18]. On axial
scans, the facial nerve can often be seen as a hypointense,Subjective xerostomia is a troublesome complaint in

most primary SS patients. From a clinical point of view, linear structure within the parotids. For typical SS
parotids, similar to the US picture, MRI gives anit is important to define whether the feeling of a dry

mouth is caused by SS or other diseases (e.g. diabetes) inhomogeneous internal pattern in both T1- and
T2-weighted sequences, often described as having a ‘salt-or conditions (e.g. drugs, smoking, etc.). Of the various

imaging methods, to date only sialography and/or saliv- and-pepper’ or ‘honeycomb-like’ appearance. This
nodular picture consists of multiple mixed hypo- andary gland scintigraphy are accepted reliable methods for

the diagnosis of salivary gland involvement. However, hyperintense foci varying in size and scattered through-
out the parotids [10, 11, 18]. Späth et al. [10] describedmodalities such as US, CT and MRI are also useful

techniques in this respect [7–10]. As the risk of develop- a staging system with four severity categories, and
considered all of them (from the fine reticular to theing a lymphoma in the SS salivary gland is increased,

not only the diagnosis of the oral component of the coarsely nodular patterns) to be highly suggestive of SS.
However, other authors [18] have emphasized that adisease, but also the early detection of any malignant

complication is of great importance. Lymphomas may slightly inhomogeneous appearance may also be seen in
the parotids of normal individuals. In SS, the diagnosticappear several years after the onset of SS [1, 13]. In the

choice of the diagnostic modalities, besides the costs, it value of MRI has been assessed in comparison with
that of sialography [18] and histology of the salivaryis important to decide which methods must be used and

which need not in the different stages of the disease. If glands [11]. Takashima et al. [18] found MRI to be a
clinically beneficial, but not the optimal imaging methoda certain method cannot be performed for some reason,

it is also essential to decide which method can replace for the evaluation of the salivary involvement in SS,
because its sensitivity was lower than that of sialography.it with information of similar value. In general, tech-

niques with less discomfort to and burden on the patient In the study by Valesini et al. [11], the sensitivity of
MRI was 70.5% and its specificity was 100% on theshould be preferred, if this does not jeopardize the

correct diagnosis. In our practice, similar to that of basis of the salivary gland histology. In more than half
of their 17 SS patients, the histological grade wasothers [7], US proved to be a useful and reliable method

for the diagnosis of the salivary involvement of SS. The essentially higher than that of MRI. This discrepancy
may be ascribed to the fact that the microscopic changespresence of bilateral PIH, the most important US change
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F. 3. Comparison of MRI and US results concerning the parenchymal pattern of the parotid glands in SS patients (n= 44;
A) and in the control groups [C1 : n= 14 healthy controls (B); C2 : n= 27 patients with diabetes mellitus or hyperlipidaemia or
chronic liver disease (C); and C3 : n= 11 patients with sicca symptoms not fulfilling criteria for definite SS (D)].

must achieve a certain degree before they can be detected not fulfilling the criteria for definite SS (group C3). In
the latter group, structural changes were more commonas macroscopic abnormalities by the imaging methods.

In our present prospective study, parotid gland than in the other control groups. This may be due to
the possibility that some of these patients will laterchanges were detected by both US and MRI in a high

proportion of the SS patients, significantly more fre- develop true SS. The results of the two imaging modalit-
ies were concordant in the majority of the subjectsquently than in the control groups. The diagnostic value

of both imaging modalities proved to be good for SS examined. As regards the MRI findings, we share the
opinion of Takashima et al. [18] that diagnostic cau-patients vs healthy individuals (group C1) and patients

in group C2 . However, the differential diagnostic value tiousness is the appropriate radiological standpoint in
the detection of a fine reticular pattern in the salivaryof these methods was slightly worse at distinguishing

between SS patients and patients with sicca symptoms glands, as such mild changes also occurred in our control
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groups. In other words, a mild MRI abnormality (similar a histological diagnosis with absolute certainty if the
possibility of a malignant transformation arises.to a mild US abnormality) suggests only the possibility

of SS. To summarize, some conclusions may be drawn. US
and MRI are equally sensitive tools for the diagnosis ofBecause of the increased risk of developing a

lymphoma, primary SS patients need regular follow- salivary involvement in SS patients. As there was good
agreement between the MRI and US findings, inups. This must include careful examination of the saliv-

ary glands by palpation and a sensitive imaging method US-positive cases MRI seems unnecessary as a routinely
applied diagnostic method. Of the MRI stage categories,which can reveal any newly developed parenchymal

change differing from the usual PIH. US, which can be the medium and coarsely nodular patterns are highly
supportive findings for the diagnosis of SS, but theperformed repeatedly without any discomfort to the

patients, is suited to imaging follow-up for most SS milder MRI changes can also occur in diseases other
than SS and even in healthy persons. During the regularpatients. In one of De Vita et al.’s [7] primary SS

patients, a B cell lymphoma was revealed in the subman- follow-up of SS patients, we must rely primarily on
careful physical and US examination of the salivarydibular gland by the US pattern and the subsequent

histological examination. On US, intraparotideal lymph- glands. However, if both or even one of these examin-
ations suggests the possibility of a malignant transform-omatous nodes are large, usually very hypoechoic masses

and occasionally so hypoechoic that they appear cystic. ation, MRI must be performed.
This appearance can be explained by the monotonous
arrangement of the lymphoma cells, which provides very
few acoustical interfaces to generate internal echoes References
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