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Abstract: The submandibular gland is one of the most frequently affected salivary gland in 1gG4-related systemic
disease, usually demonstrate homogeneous attenuation on CT imaging as reported, but without much pathological
comparison of many cases. This article is to investigate and analyze the typical CT findings and pathologic charac-
teristics of IgG4-related systemic disease (IgG4-RSD) of submandibular gland. A retrospective analysis of the preop-
erative CT findings in patients with 1gG4-RSD of submandibular glands who underwent surgical resection between
January 2010 and February 2014 was performed. Twenty patients (16 women) were identified, with a mean age of
58.1+10.2 years. All patients presented with painless submandibular gland swelling. Diffuse gland enlargement,
with clear margins and homogeneous density, was found on non-enhanced CT scans in all cases. There were no
calcifications or stones within the involved glands. Based on contrast-enhanced CT appearance the patients could
be divided into two groups: 11 cases showed homogeneous gland enhancement; and multiple hyperenhancing
foci, with a crazy-paving pattern, were detected in 9 cases, which were in consistent with the pathologic findings.
The maximum submandibular gland diameter on transverse images was significantly larger (P=0.008) in patients
with crazy-paving appearance (32+4 mm) compared to patients with homogeneous enhancement (28+3 mm). It is
concluded that the submandibular glands with 12G4-RSD can be characterized by either homogenous appearance
or crazy-paving pattern on contrast-enhanced CT imaging.
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Introduction vary gland features have not been specifically

described [5, 8-12]. Our goal was to analyze the

IgG4-related systemic disease (IgG4-RSD) has
been recently characterized by a dense lym-
phoplasmacytic infiltrate rich in IgG4-positive
plasma cells, storiform-type fibrosis and oblit-
erative phlebitis, and elevated levels of serum
18G4 [1, 2]. Since its first description as autoim-
mune pancreatitis (AIP), many extrapancreatic
manifestations have been reported, even in the
absence of pancreatitis. The head and neck
region is the second most commonly affected
site, after the pancreatobiliary system [3-5].
The radiological features and pathologic char-
acteristics of 1gG4-related lesions of pancreat-
ic, renal, and pulmonary lesions have been well
documented [6, 7]. In the head and neck, most
previous reports have focused on magnetic
resonance imaging (MRI) findings and the sali-

computed tomography (CT) manifestation and
pathological features of affected submandibu-
lar glands, with the hypothesis that 1gG4-RSD
exhibits characteristic imaging findings.

Material and methods

Subjects

This study was approved by the Institutional
Review Board. Between January 2010 and
February 2014, 20 patients with histopatho-
logically confirmed IgG4-RSD in the subman-
dibular glands were identified at our institution
and included in this study. The clinical data
were obtained from the medical records. All
patients underwent contrast enhanced CT scan
at initial presentation.



Table 1. Patient demographics and CT features

CT features of 1gG4-RSD of submandibular gland

Patient Sex Age

1gG4 level before sur-

Previous unilateral sub-
gery (80-1400 mg/L) mandibular gland excision geneous enhancement

Homogeneous or hetero- Largest axial diameter
of the gland (cm)

Other IgG4-related lesions during follow-up

1 F 60 13900 + homogeneous 2.81 lacrimal glands, pancreas, mediastinal and
abdominal lymphadenopathy

2 M 55 + heterogeneous 3.38 pancreas

3 F 62 - heterogeneous 3.07 lacrimal glands

4 M 47 - homogeneous 2.91

5 M 72 - heterogeneous 3.27 lung

6 F 79 + homogeneous 3.33 mediastinal and abdominal lymphadenopathy

7 F 47 - heterogeneous 2.74

8 F 48 10100 - homogeneous 2.82 lacrimal glands

9 F 79 8210 + homogeneous 2.41 lung, pancreas, liver and kidneys

10 F 56 - homogeneous 2.56

11 F 53 9990 - heterogeneous 3.42 pancreas and kidneys

12 F 58 - heterogeneous 3.56 parotid gland

13 F 58 - homogeneous 2.71

14 F 53 - heterogeneous 2.97 lacrimal glands and parotid gland

15 F 59 - homogeneous 2.41

16 F 46 + heterogeneous 3.41

17 F 56 3040 - homogeneous 3.64 lacrimal glands

18 M 49 - homogeneous 2.35

19 F 64 - heterogeneous 3.33

20 F 58 - homogeneous 2.39 lacrimal glands
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Figure 1. A. Contrast-enhanced axial CT image in pa-
tient 15. The right submandibular gland is enlarged,
showing homogeneous attenuation. B. Histopatho-
logic examination of the right submandibular gland
reveals destruction of the normal structure of the
gland with marked infiltration of lymphocytes and
plasma cells.

CT scanning

All neck CT studies were performed with helical
CT scanners (Somatom Definition Flash or
Sensation 64, Siemens Healthcare, Forchheim,
Germany). A biphasic CT protocol was perfo-
rmed in every patient and consisted of an unen-
hanced and an enhanced acquisition. A total
of 90 mL of iopamidol (Ultravist 300 mgl/ml,
Bayer Schering) was administered into an ante-
cubital vein at a rate of 2.5 mL/sec by using a
power injector. The images were then obtained
with ascanning delay of 25 seconds. Contiguous
transverse images were reconstructed at 4-mm
intervals.

CT evaluation

Two radiologists (with 6 and 16 years of head
and neck imaging experience) retrospectively
reviewed the CT scans in one image interpreta-
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tion section. The submandibular and parotid
glands were specifically evaluated and largest
diameter was measured on transverse images.
Decisions regarding the CT features were deter-
mined in consensus, with particular attention
to the location and number of lesions, internal
architecture, enhancement patterns, presence
of calcification, vascular occlusion or compres-
sion, and cervical lymph nodes. On post-con-
trast CT images, the enhancement pattern of
the lesions was categorized as either homoge-
neous or heterogeneous, and specific patterns
were described. Lymph nodes were considered
enlarged if their maximal short-axis diameters
were greater than 1 cm on axial images. The
groups with different imaging features were
compared. The CT characteristics of the sub-
mandibular glands were also compared to the
histological features.

Histological diagnosis

In all patients, histological diagnosis of 18G4-
RSD was established following surgical resec-
tion. Histopathology was reviewed by a dedi-
cated head and neck pathologist with 25 years
of experience.

Statistical analyses

Statistical analyses were performed using sta-
tistical software (SPSS, version 13.0, Chicago,
IL, USA). Fisher’s exact test was used for com-
parison between the two groups. P values of
0.05 and below were considered statistically
significant.

Results

The group of 20 patients included 4 men and
16 women, with a mean age of 58.1+10.2
years. All patients presented with painless en
larged submandibular gland, with the duration
of symptoms ranging from 3 months to 5 years.
Serum IgG4 was tested in five patients and they
all had increased 1gG4 levels. The clinical, labo-
ratory, and imaging features are listed in Table
1. Five of the patients had previous unilateral
submandibular gland excision, 1 to 4 years
prior to this presentation.

CT showed diffuse submandibular gland en-
largement, with clear margins and homogene-
ous density in non-enhanced images. Among
the 15 cases without prior unilateral gland re-
section, symmetrical bilateral enlargement of
the submandibular glands was present in 13,
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Figure 2. A. Contrast-enhanced CT axial images of the
submandibular gland in patient 16. Note the glands
are bilaterally enlarged, showing heterogeneous at-
tenuation with a crazy-paving pattern. B. Histopatho-
logic examination of the submandibular gland shows
destruction of the normal gland structure with thick
fibrous bands (Arrow), marked infiltration of lympho-
cytes and plasma cells.

while the left one was larger in two cases. The
glands ranged in size from 24 to 35 mm in the
maximum diameter on transverse images. No-
ne of the patients showed calcification or st-
ones within the glands. The patients were divid-
ed into two groups according to the CT enhance-
ment pattern: 11 cases showed rather homo-
geneous enhancement (Figure 1A); while in 9
cases the internal texture was characterized by
multiple hyper-enhancing foci, demarcated with
hypo-enhancing lines (Figure 2A), creating a
crazy paving pattern (resembling paths made
with pieces of stone or concrete). CT revealed
prominent intraglandular vascularity in three
patients, without significant mass effect. The
maximum diameter of submandibular glands
on transverse images in group 2 (3.2+0.4 cm)
with crazy paving appearance was significantly
larger than in group 1 with homogeneous en-
hancement (2.8+0.3 cm) according to Fisher’'s
exact test (P=0.008).

16114

Among the 20 patients, 16 showed enlarge-
ment of parotid glands, 5 of which were asym-
metrical, with the right parotid gland larger than
the left one. An abnormal density inside the
parotid gland was present in 18 patients: there
were 13 cases of multiple small nodules, with
or without patchy or/and stripe-like lesions; 2
cases of multiple stripe-like lesions; and 3
cases of diffuse hyperdensity. Cervical lymph-
adenopathy was present in 10 patients. The
density of the cervical lymph nodes was homo-
geneous both on the plain and contrast-en-
hanced images.

On histology, the normal submandibular gland
structure was replaced by severe inflammatory
cell infiltration and fibrosis in all patients. The
interstitium was infiltrated by plasma cells and
lymphocytes. Immunohistochemistry demon-
strated that more than 40% of the plasma cells
were |gG4+.

Direct comparison of CT and histological find-
ings revealed that presence of thick fibrous
bands correlated to hypo-enhancing lines in
group 2 (Figure 2). The patients with thick
fibrous bands on histology had crazy-paving
pattern on CT, while those without the bands
had homogenous enhancement (Figure 1).

Twelve patients had other IgG4-related condi-
tions during the follow-up (3 months to 4 years),
including lacrimal gland, parotid gland, pancre-
as, kidney, and lung involvement, as well as
mediastinal and abdominal lymphadenopathy.

Discussion

The present study analyzed CT findings and
pathologic characteristics in 20 patients with
1gG4-RSD in the submandibular gland, which is
the largest series of IgG4-RSD of the subman-
dibular gland to date.

The salivary glands are the most frequently
involved organs in 1gG4-RSD of the head and
neck [11], and the submandibular gland is the
most frequently affected salivary gland [12].
Serum IgG4-levels can be helpful, but may be
within or slightly above the normal range in
many IgG4-related disease patients [4]. Addi-
tionally, 18G4 serum testing is not performed
unless IgG4-RSD is considered clinically, and
only a quarter of patients had serum IgG4-
levels before surgery in our study.
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The imaging features of IgG4-RSD in our series
were not consistent with those described in
previous reports, in which the salivary glands
usually demonstrated homogeneous attenua-
tion/signal intensity on CT/MR imaging, and
homogeneous contrast enhancement [8-11]. In
our study, the contrast-enhanced CT revealed
the crazy-paving pattern in 9 cases. The histo-
pathologic examination of the swollen subman-
dibular glands revealed sclerosis of interlobular
septa (fibrous bands) with resulting accentua-
tion of the gland lobular architecture and an
interstitial infiltrate of lymphocytes and plasma
cells, which corresponded to CT findings. This
suggests that the degree of sclerosis strongly
influences the CT appearance.

In the study of Asai et al. [13], sonographic
examination in 2 patients with 1gG4-RSD re-
vealed the internal texture of submandibular
glands that had an appearance of multiple
hypoechoic foci in rather hyperechoic paren-
chyma. However, CT and MRI showed only ho-
mogeneous submandibular glands. The authors
concluded that CT and MRI cannot depict the
details of the parenchymal change of the sub-
mandibular glands. In our study, the subman-
dibular gland size in group 2 (with crazy-paving
appearance) was significantly larger than in
group 1 (with homogeneous enhancement). Th-
is may suggest that the crazy-paving pattern is
becoming more frequent/conspicuous as the
gland enlarges.

18G4-RSD is a multisystemic disease that can
involve many organs [1, 2]. Multiorgan disease
may be evident at diagnosis but can also evolve
metachronously, over months to years. For
patients with AIP, additional examination re-
veals that 30% also have tubulointerstitial
nephritis, indicated by radiologic findings and
the presence of proteinuria and non-glomeru-
lar hematuria [14-18]. Recognition of 1gG4-
RSD in the submandibular glands is important
as these patients may develop IgG4-related
lesions in other sites. In our study, 12 patients
had other IgG4-related involvement by system-
ic survey during follow-up. We propose that if CT
findings suggest 1gG4-RSD involvement in a
patient with swollen submandibular glands, me-
asurement of the serum 18G4 level as well as a
systemic survey to search for related lesions in
other organs should be considered. Characteri-
stic imaging findings may also be diagnostic,
avoiding unnecessary surgery.
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The differential diagnosis of salivary gland
18G4-RSD includes malignant lymphoma. The
CT appearance of lymphoma depends on the
pathologic distribution of the disease. If the
glandular parenchyma is involved, diffuse infil-
tration can be seen, exhibiting poorly defined
margins or involving the entire gland. And the
involvement is not restricted to the submandib-
ular glands [19].

Several limitations of this study must be con-
sidered. First is the retrospective nature of the
study with a relatively small number of patients.
Second, CT was the only imaging modality.
Further studies comparing different imaging
modalities would be needed to determine the
imaging characteristics as well as sensitivity
and accuracy of each method for the parenchy-
mal change of the submandibular glands with
18G4-RSD.

In summary, the submandibular glands with
18G4-RSD can be characterized by either homo-
geneous enhancement or crazy-paving pattern
on contrast-enhanced CT imaging. It is impor-
tant to increase awareness of IgG4-RSD, so
that appropriate diagnostic evaluation can be
performed to avoid unnecessary surgery.
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