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MR Sialography in Patients with Sjögren
Syndrome
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PURPOSE: The purpose of this study was to evaluate the effectiveness of MR sialography of
the parotid gland ducts in the diagnosis and staging of Sjögren syndrome.

METHODS: MR imaging was performed on a 1.5-T unit with a neck phased-array coil. MR
sialographic source images were obtained using a heavily T2-weighted fast spin-echo se-

quence with spectral fat suppression. All images were analyzed on the basis of maximum
intensity projection reconstruction. Five healthy control subjects and 51 patients with definite
Sjögren syndrome (43 with primary disease and eight with secondary disease) were examined
with MR sialography. A labial gland biopsy was performed in all patients and histopathologic
grading was done by means of focal scores. The findings of MR sialography were compared with
the results of labial gland biopsy to determine the effectiveness of the technique in the diagnosis
and staging of Sjögren syndrome.

RESULTS: In all five control subjects, the main duct and the primary branching ducts of the
parotid glands were clearly visible on MR sialographic images. In patients with Sjögren
syndrome, a punctate, globular, cavitary, or destructive appearance was well seen within the
parotid glands. Findings obtained at MR sialography correlated well with the results of labial
gland biopsy.

CONCLUSION: MR sialography has the potential to produce diagnostic findings in the
parotid gland ducts of patients with Sjögren syndrome. Our results suggest that this method
will augment and possibly replace X-ray sialography.
Sjögren syndrome is a chronic inflammatory disor-
der of the exocrine glands. It is characterized by
keratoconjunctivitis sicca and xerostomia, which re-
sult from dysfunction of the lacrimal and salivary
glands (1). Sjögren syndrome is frequently associated
with other autoimmune diseases, such as rheumatoid
arthritis and systemic lupus erythematosus (2).
Whereas keratoconjunctivitis can be diagnosed by the
application of rose bengal or fluorescein dye into
each eye, the assessment of xerostomia is more diffi-
cult. And although the Saxon test provides a reliable
oral screening counterpart to the Schirmer test, no
satisfactory results can be obtained to detect charac-
teristic salivary gland abnormalities (3).
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Imaging studies that have been used for the diag-
nosis of Sjögren syndrome include X-ray sialography,
radionuclide scintigraphy, sonography, and CT (4–7).
Among these, X-ray sialography is considered the
standard of reference in the imaging diagnosis and
staging of this disease, because abnormal sialographic
findings imply definite underlying pathologic changes
(4). However, this procedure requires cannulation of
the ducts, which cannot always be achieved. Further-
more, retrograde injection of contrast material may
exacerbate the underlying inflammatory process and
cause the patient discomfort or pain (5, 8).

MR imaging has been widely used for demonstrat-
ing parenchymal lesions in the salivary glands (9, 10),
but only a few studies have focused on the internal
structure of the salivary glands (11). Recently, Lomas
et al (12) described a method of MR sialography
using a heavily T2-weighted rapid acquisition with
relaxation enhancement (RARE) projection tech-
nique for imaging the major salivary gland ducts.
Although this technique can be performed in a short
time, the substantial projection thickness may limit its
ability to show the subtle duct abnormalities that
accompany Sjögren syndrome. Different techniques
that use heavily T2-weighted two- or three-dimen-
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sional fast spin-echo (SE) sequences have been de-
scribed for imaging the biliary or pancreatic ducts
(13–15).

We used a 2-D fast SE MR sialographic technique
with a phased-array coil and a 512 matrix to examine
the abnormal parotid gland ducts in patients with
Sjögren syndrome. We then compared the findings at
MR sialography with the results of labial gland biopsy
to determine the effectiveness of the technique for
diagnosis and staging of Sjögren syndrome.

Methods

Study Population
The study population was composed of five healthy control

subjects (15 to 32 years old; mean age, 21 years) and 51 patients
with definite Sjögren syndrome (42 women, 22 to 78 years old;
mean age, 56 years). We ascertained by inquiry that the volun-
teers had no history of disease or of medical treatment that
would affect the salivary glands. Of the 51 patients, 43 had
primary Sjögren syndrome and the other eight had secondary
disease associated with rheumatoid arthritis (n 5 3), systemic
lupus erythematosus (n 5 3), dermatomyositis (n 5 1), and
mixed connective tissue disease (n 5 1). All patients had signs
and symptoms that met the criteria for diagnosis of Sjögren
syndrome, as defined by the Sjögren Disease Research Com-
mittee of the Japanese Ministry of Health and Welfare (16);
that is, the patient must have overt sicca of unknown origin,
plus one or more of the following three signs: 1) keratocon-
junctivitis sicca with a positive Schirmer test (,10 mm of
wetting in 5 minutes) and increased staining with rose bengal
dye; 2) characteristic histologic findings at biopsy of the lacri-
mal or salivary gland, including at least one periductal focal
aggregate of 50 or more mononuclear cells per lobe; and 3)
positive sialographic features with the presence of sialectasia.

MR Sialography
MR sialography was performed on a 1.5-T imager with a

neck phased-array coil. Initially, a single-shot RARE image was
obtained in the axial plane. Imaging parameters for the single-
shot RARE sequence were as follows: echo space 5 11.5
milliseconds, TReff 5 1200, section thickness 5 30 to 40 mm,
field of view (FOV) 5 200 mm, matrix 5 256 3 256, number
of acquisitions 5 1, and acquisition time 5 6 seconds. Using
this axial RARE image as a localizer, we determined the
oblique sagittal image plane necessary to cover the whole
course of the parotid gland duct, since the duct has a small
C-shaped curve anteriorly as it bends around the masseter
muscle (Fig 1). MR sialographic source images were then
obtained with a 2-D fast SE sequence using the following
parameters: 9500/259/4 (TR/TEeff/excitations), number of ech-
oes for each excitation 5 27, section thickness 5 2 mm with no
intersection gap, number of sections acquired 5 18, FOV 5
170 mm, matrix 5 290 3 512, and acquisition time 5 6 minutes
45 seconds. A fat-saturation pulse was used in this sequence.
All images generated were analyzed on the basis of maximum
intensity projection (MIP) reconstruction.

MR Sialographic Staging
The MR sialographic stages of Sjögren syndrome were de-

termined according to the criteria of X-ray sialography pro-
posed by Rubin and Holt (4), in which stage 0 5 normal. Stage
1 5 punctate: this is the earliest stage, in which diffuse, spher-
ical areas of high signal intensity, 1 mm or less in diameter and
uniform in size, are distributed evenly throughout the gland.
Stage 2 5 globular: in this stage of the disease, the spherical
areas of high signal intensity increase to 1 to 2 mm in diameter.
Stage 3 5 cavitary: with further disease progression, the areas
of high signal intensity coalesce and enlarge further, up to 1 cm
in diameter, becoming irregular in size and distribution and
decreasing in number. Stage 4 5 destructive: this represents
the end stage of the disease, in which there is a marked
dilatation of the main duct with an irregular diameter. MR
sialographic staging of the cases was performed independently
by two reviewers who were blinded to the clinical parameters,
to the results of the imaging tests, and to the final diagnosis.
The staging assessments made by each reviewer were tested for
interobserver agreement, and any discrepancies were resolved
by consensus.

Labial Gland Biopsy
In all 51 patients with Sjögren syndrome, minor salivary

glands were excised through mucosa of the lower lip within a
week after MR examination. Focal scores were determined on
the basis of a focal aggregate of 50 lymphocytes per 4 mm2 of
salivary gland tissue without signs of atrophy or fibrosis, with a
focal score of 1 or more considered abnormal (17–19).

Statistical Analysis
To compare the MR sialographic staging and the focal score

obtained from the labial gland biopsy sample, we used one-way
analysis of variance. Differences in the average focal score
among the MR sialographic stages were then compared by use
of Fisher’s protect least significant difference test. A difference
in results with a P value of less than .05 was considered statis-
tically significant. Finally, agreement between the reviewers in
the staging of Sjögren syndrome was evaluated by using the k
statistic (20). Strength of agreement was classified as slight (k
# 0 to 0.2), fair (k # 0.21 to 0.4), moderate (k # 0.41 to 0.6),
substantial (k # 0.61 to 0.8), and excellent (k # 0.81 to 1.00).

Results
In the healthy volunteers, the main duct and pri-

mary branching ducts within the parotid gland were
clearly seen in all cases (Fig 2). Twenty-three of the
patients with Sjögren syndrome had normal findings
(stage 0) and the remaining 28 had abnormal findings

FIG 1. Axial single-shot RARE image shows the imaging slab
for MR sialography. The whole course of the parotid gland duct
on left is included in this imaging slab.
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at MR sialography: in 10 patients, the glands had a
punctate appearance (stage 1) (Fig 3), in nine a glob-
ular appearance (stage 2) (Fig 4), in six a cavitary
appearance (stage 3) (Fig 5), and in three a destruc-
tive appearance (stage 4) (Fig 6). Of the 23 patients
who had normal findings at MR sialography (stage 0),
16 proved to have a focal score of 1 or less and the
other seven had abnormal histopathologic findings
with a focal score of more than 1. The average focal
score in stage 0 was 0.79 6 1.23 (mean 6 SD). All 28
patients who had abnormal findings on MR sialo-
grams had a focal score of more than 1. The average
focal score was 3.24 6 2.71 in patients with stage 1
disease, 6.82 6 3.60 in those with stage 2, 7.92 6 2.73

FIG 3. MR sialogram in a 11-year-old girl with primary Sjögren
syndrome. Diffuse areas of punctate high signal intensity 1 mm
or less in diameter are distributed throughout the duct (stage 1,
punctate appearance). Focal score of this patient was 2.1.

FIG 2. MR sialogram of the normal parotid gland duct in a
healthy volunteer. Main duct and intraglandular ducts are well
seen.
in those with stage 3, and 11.00 6 2.96 in those with
stage 4. There was a high correlation between MR
sialographic stage and focal score (P , .0001) (Fig 7).
A statistically significant difference in the average
focal score was found between stage 0 and stage 1
(P 5 .0091), stage 0 and stage 2 (P , .0001), stage 0
and stage 3 (P , .0001), stage 0 and stage 4 (P ,
.0001), stage 1 and stage 2 (P 5 .0019), stage 1 and
stage 3 (P 5 .0004), stage 1 and stage 4 (P , .0001),
and stage 2 and stage 4 (P 5 .0112) (Table). On the
other hand, there was no significant difference in the
average focal score between stage 2 and stage 3 (P 5
.3860) and between stage 3 and stage 4 (P 5 .0726).
Interobserver agreement in staging of disease was
0.804 and the k value was 0.727 (substantial).

Discussion

Criteria for diagnosis of Sjögren syndrome have
evolved over the years from initial descriptions based
on clinical findings (1) to more recent criteria sets
based on a combination of clinical, serologic, and
histopathologic findings (17). Salivary gland involve-
ment in Sjögren syndrome is usually confirmed by
X-ray sialography or labial gland biopsy (4, 18, 19).
Although these two procedures offer accurate diag-
nosis, their usefulness as screening tests is hampered
because both require invasive techniques. Imaging
studies, including radionuclide scintigraphy, sonogra-
phy, CT, and MR imaging, are noninvasive and are
now widely used to evaluate various diseases of the
salivary glands. These imaging studies, however, pro-
vide insufficient data for accurately diagnosing and
staging Sjögren syndrome, because while they address
the detection and diagnosis of parenchymal diseases
of salivary glands they do not assess salivary gland
duct abnormalities (5–7, 21–23). The MR sialo-
graphic technique presented here relies on a heavily
T2-weighted pulse sequence with spectral fat suppres-
sion. Two-dimensional multisectional data were ac-
quired and postprocessed by MIP reconstruction. As
FIG 4. MR sialogram in a 43-year-old
woman with primary Sjögren syndrome.
Areas of spherical high signal intensity 1 to
2 mm in diameter are evident (stage 2,
globular appearance). Focal score of this
patient was 5.1.

FIG 5. MR sialogram in a 65-year-old
man with primary Sjögren syndrome.
Large and irregular areas of high signal
intensity up to 1 cm in diameter are noted
(stage 3, cavitary appearance). Focal
score of this patient was 4.5.

FIG 6. MR sialogram in a 67-year-old
woman with primary Sjögren syndrome.
The main duct shows marked dilatation
and irregular branching (stage 4, destruc-
tive appearance). Focal score of this pa-
tient was 7.6.
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a result, stationary fluids within the parotid gland
duct could be seen to have a high signal intensity
while solid organs had a low signal intensity. In addi-
tion, flowing blood had little or no measurable signal.
This combination of imaging characteristics provides
optimal contrast between the hyperintense signal of
the fluid-filled parotid gland duct and the hypoin-
tense signal of background tissue (14).

Recently, Lomas et al (12) reported a method of
MR sialography that uses a projection technique.
This projection technique can be performed in a short
time and requires no postprocessing apart from im-
aging reconstruction; however, it has several potential
disadvantages. On images acquired with a substantial
section thickness, veins with slow-flowing blood are
seen more frequently and superimposed on MR sia-
lographic images. In addition, the image contrast pro-
duced by the projection technique is theoretically
inferior to that on MIP images, which are acquired
with a multisection technique (14). Variable degrees
of blurring artifacts are always seen, especially at
great projection thicknesses. Furthermore, the pro-
jection technique achieves relatively low spatial reso-
lution, and the thick sections limit the ability to detect
subtle duct abnormalities. On the other hand, our
imaging technique achieved high spatial resolution

FIG 7. Comparison of MR sialographic stage and focal score.

Statistical significance of stage comparisons

Comparison P Value

Stage 0 and stage 1 .0091
Stage 0 and stage 2 ,.0001
Stage 0 and stage 3 ,.0001
Stage 0 and stage 4 ,.0001
Stage 1 and stage 2 .0019
Stage 1 and stage 3 .0004
Stage 1 and stage 4 ,.0001
Stage 2 and stage 3 .3860
Stage 2 and stage 4 .0112
Stage 3 and stage 4 .0726
(0.58 3 0.33-mm pixel size) with the use of a 512
matrix, enough to depict the subtle duct abnormali-
ties of Sjögren syndrome. This high spatial resolution
was obtained through the use of a phased-array coil,
which improved signal-to-noise ratio. Our imaging
technique, however, has several disadvantages. With
MIP reconstruction, much of the information on in-
dividual source images may be lost when a whole
volume is displayed (14). Pitfalls and potential errors
can result when only reconstructed images are used
for interpretation. Therefore, in situations in which it
is difficult to determine the MR sialographic stage, it
is critical to rely on individual source images for
interpretation. The use of 2-D multisection data ac-
quisition causes anisotropic spatial resolution with
increased section thickness (2 mm) as compared with
in-plane resolution, resulting in marked degradation
of MIP-reconstructed images in planes oblique to the
acquisition plane (15). This problem may be allevi-
ated considerably with the use of a 3-D fast SE se-
quence, now commercially available, which provides
thin, contiguous sections of less than 1 mm, further
improving spatial resolution in the section-select di-
rection without the loss in signal-to-noise ratio (13).

Although X-ray sialography is still the standard of
reference in the evaluation of Sjögren syndrome, MR
sialography has several advantages over this tech-
nique (12), including the absence of any requirement
to cannulate the duct and the lack of ionizing radia-
tion. The technique can be used to examine a patient
rapidly, and multiple MIP images can be recon-
structed in any desired plane, allowing one to find the
optimal imaging plane for the most accurate assess-
ment. The examination is not contraindicated by the
presence of infection and may be combined with con-
ventional MR imaging to exclude any parenchymal
mass lesion. Finally, the technique does not rely on
any manual skill related to cannulation and it has
been implemented on a widely available conventional
MR system.

This study has shown that MR sialography is capa-
ble of depicting the subtle changes that take place in
the parotid gland ducts of patients with Sjögren syn-
drome. Specific findings of numerous cystic changes
within the glands were easily identified on MR sialo-
grams. Although we did not directly compare the
histologic findings in the parotid gland with the find-
ings at MR sialography, we believe that the cystic
changes seen on MR sialograms represented dilated
intraglandular ducts. Histopathologic changes seen in
the parotid glands of patients with Sjögren syndrome
are composed of aggregates of lymphocytes, collage-
nous fibrous tissues, and dilated intraglandular ducts
(21). Among these, the dilated ductal systems should
be hyperintense on T2-weighted images; on the other
hand, collagenous tissues and lymphocytes will ap-
pear hypointense on T2-weighted images. A statisti-
cally significant difference in the average focal score
was found between each of the MR sialographic
stages except between stages 2 and 3 and between
stages 3 and 4. These results suggest that the changes
seen on MR sialograms in patients with Sjögren syn-
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drome precisely reflect progression of the disease
from its early stages.

We usually perform MR sialography in patients
with clinical symptoms suggestive of Sjögren syn-
drome and in those with known Sjögren syndrome for
the evaluation of disease progression. We believe that
the use of MR sialography to document and stage
parotid gland duct abnormalities in these cases is
worthwhile for the purpose of constructing an ade-
quate therapeutic plan. This is particularly important
for long-term follow-up, since most of these patients
face a long future of disease progression.

Conclusion
We used a 2-D fast SE MR sialographic technique

with high-resolution parameters for the diagnosis and
staging of Sjögren syndrome. Our results suggest that
this method represents a sensitive diagnostic indica-
tor of Sjögren syndrome and may replace X-ray sia-
lography in the evaluation of this disorder.
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