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ABSTRACT Autologous transplantation of submandibular
gland (SMG) is effective for severe keratoconjunctivitis sicca
(KCS). Sialography is a method for morphological evaluation
of the transplanted gland.We recruited 15 patients (15 eyes)
with severe KCS who had successfully undergone SMG
transplantation. Thirteen patients had normal transplanted
SMGs, while two patients were suspected to have obstruc-
tive sialadenitis of the transplanted SMG. Sialography was
performed in each patient with meglumine diatrizoate.
Projections were applied immediately and 5, 7, and 10 min
after contrast injection. The median dose of the contrast
medium was 0.9 ml (range, 0.7e1.1 ml) for the full-size
transplanted SMGs and 0.5 ml for the glands after reduc-
tion surgery. The acini and the ducts were clearly visible on
sialograms. The contrast medium was completely excreted
in 10 min in normal transplanted SMGs. The main duct had a
regular shape in normal transplanted SMGs, while irregular
dilation and stricture of the duct with delayed excretion of
the contrast medium were found in the glands with
obstructive sialadenitis. In conclusion, sialography is
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clinically feasible and valuable for the morphological eval-
uation of the transplanted SMG.
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I. INTRODUCTION
K eratoconjunctivitis sicca (KCS) is a multifactorial
disease of the tears and ocular surfaces that results
in discomfort, visual disturbance, and tear film

instability with possible damage to the ocular surface.1

The severe form of KCS had no effective treatment before
the advent of microvascular autologous transplantation of
the submandibular gland (SMG).2 SMG transplantation
with insertion of Wharton’s duct into the upper conjunctival
fornix provides a continuous, endogenous source of ocular
lubrication and offers a good prognosis in severe KCS.2-7

The secretory function of the transplanted SMG can be eval-
uated by several methods.8,9 However, to our knowledge,
there is no literature referring to the morphological evalua-
tion of the transplanted SMG.

In most patients who have undergone SMG transplanta-
tion, the transplanted gland shows normal secretion, and the
symptoms of dry eye are obviously relieved.2-7 However, in
some patients, the transplanted SMG produces little and
viscous secretion, which is very similar to the secretion in
chronic obstructive parotitis, and the symptoms of dry eye
are not relieved.6,10

Sialography is one of the main techniques for the
morphological evaluation of major salivary glands and for
the diagnosis of chronic obstructive parotitis and Sjögren
syndrome. For the first time, the present study applied
sialography to assess the radiographic anatomy of the trans-
planted SMG and investigated the role of this technique in
the diagnosis of obstructive sialadenitis of transplanted
SMGs.

II. PATIENTS AND MATERIALS
This study was approved by the Ethics Committee for

Human Experiments at Peking University and was in accor-
dance with the Declaration of Helsinki guidelines for human
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research. All patients provided informed consent prior to
participation in this study.

Of 51 patients with severe KCS who successfully under-
went microvascular autologous SMG transplantation in
Peking University School of Stomatology and were followed
up between December 2008 and May 2013, we randomly
selected five patients each at three different time points in
their follow-up (3 months, 9 months, and >1 year after
the operation). Thus, in total, 15 patients (7 males, median
age¼26 years, range¼13e40 years; and 8 females, median
age¼30 years, range¼17e57 years) were included in this
study. The left eye was involved in 10 patients, and the right
eye was involved in 5 patients. Before SMG transplantation,
all 15 patients were diagnosed with severe KCS; they had
obvious and persistent dry eye symptoms, and previous
ophthalmologic treatment had been ineffective in these pa-
tients. During the postoperative follow-up, 13 transplanted
glands showed sufficient and clear secretion. In these 13 pa-
tients, the symptoms of dry eye disappeared or were obvi-
ously relieved. In addition, the Schirmer test values
increased, and measurements of tear film breakup time
and corneal fluorescein staining showed that the ocular sur-
face condition had improved (Table 1). However, two glands
had recurrent swelling and produced only little and viscous
secretion (Table 1); these patients were suspected to have
developed chronic obstructive sialadenitis.

The secretory function of the submandibular glands was
evaluated using 99mTc pertechnetate scintigraphy. The sali-
vary uptake ratios and excretion fractions before and after
surgery were calculated (Table 1).11 Glands with abnormal
secretion showed marked decrease in the pertechnetate
excretion fraction.

All the transplanted SMGs in the study were vital, as
confirmed by 99mTc scintigraphy. Transplanted SMGs with
acute inflammation were excluded from the study.

Meglumine diatrizoate was used as a contrast medium
and injected via a polyethylene tube (outside diameter,
0.6 mm; Becton, Dickinson and Company, Franklin Lakes,
NJ, USA). Sialography was performed in an Orthopantomo-
graph OP100 panoramic radiography unit (Instrumenta-
rium Imaging, Tuusula, Finland).

III. THE SIALOGRAPHY PROCEDURE
The orifice of Wharton’s duct in the upper conjunctival

fornix was identified, and the duct was cannulated with
approximately 3 cm of a polyethylene tube (Figure 1A).The
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cannulation of Wharton’s duct is a widely applied technique
in SMG transplantation.5,6 Gentle massage of the gland
usually rendered the orifice of the duct clear.

Meglumine diatrizoate was chosen as the radio-opaque
agent, to avoid over-stagnation; as a water-soluble contrast
medium, meglumine diatrizoate might be more easily
discharged than an oil-based medium. Moreover, the long-
term safety of meglumine diatrizoate for investigations of
the eye has been confirmed.12 Meglumine diatrizoate was
injected into the transplanted gland via the tube
(Figure 1B). Injection was terminated when a feeling of
mild distension of the transplanted SMG was reported by
the patient. The median dose of the contrast medium was
0.9 ml (range, 0.7e1.1 ml) in 11 patients who had the
full-size transplanted SMGs. In the four patients who had
undergone reduction surgery, as described by Geerling
et al,2 the injection doses were 0.4, 0.5, 0.5, and 0.5 ml.
We required that the injection of an adequate dose of the
contrast medium was indicated by the feeling of a mild
swelling of the transplanted SMG.

Lateral and anteroposterior projections were applied
immediately following the injection, using 77 kV and
16 mA (Figure 1C and D). The scan time was 0.5 s for
the lateral projection and 0.8 s for the anteroposterior
projection. The patients were then asked to do some exer-
cises (climbing 6 flights of stairs) to help promote evacua-
tion of the contrast medium, and projections were
repeated 5, 7, and 10 min later to evaluate the excretory
function of the transplanted SMG.

IV. SIALOGRAPHIC FINDINGS IN NORMAL TRANS-
PLANTED SMGS

Sialography was completed in all 15 study patients
without any adverse reactions or severe discomfort. Normal
transplanted SMGs appeared well filled with the contrast
medium and were clearly visible on sialograms. The body
of the gland was marked by an opacity and depiction of
the secretory duct showed smooth walls and a regular shape
(Figure 2). The median width and length of the main duct in
lateral sialograms were 4 mm and 5 cm, respectively. The
distal part of the main duct (between the lateral orbital
wall and the ductal orifice) was demonstrated more clearly
in anteroposterior sialograms than in lateral sialograms
(Figure 2B).

The location of the gland body as well as the form of the
main duct varied considerably depending on the surgical
arrangement during transplantation, and the transplanted
SMGs with reduction surgery showed typical changes on
lateral sialograms. Only the remaining acini near the main
duct was visible in these glands (Figure 2C).

Residual meglumine diatrizoate was visible at both 5 and
7 min after injection (Figure 3). The contrast medium was
excreted completely from the transplanted SMG in
10 min, which is longer than that in normal parotid glands
or nontransplanted SMGs. A possible explanation for this
finding is that the capacity for saliva secretion declined after
SMG transplantation.10
OL. 12 NO. 3 / www.theocularsurface.com

http://www.theocularsurface.com


Table 1. Information on operated eyes and submandibular glands (SMGs) before and after transplantation

Case No.
Before transplantation After transplantation

ST (mm) TFBUT (sec) FS UR EF (%) ST (mm) TFBUT (sec) FS UR EF (%)

1 0 0 12 2.1 18.7 10 2 10 1.8 16.9

2 0 0 10 0.8 17.8 12 0 8 0.6 15.2

3 0 0 6 1.2 43.2 13 1 4 1.0 49.4

4 1 0 12 4.1 51.2 30 2 8 3.3 45.7

5 0 0 12 3.8 37.7 35 0 8 1.5 32.8

6 1 0 12 1.4 25.2 5 2 6 1.2 21.8

7 0 0 12 2.2 31.0 15 0 8 2.6 37.8

8 0 0 8 6.5 63.5 65 0 6 4.6 62.0

9 0 0 12 6.4 40.0 64 3 10 5.1 26.2

10 0 0 12 3.1 47.6 45 2 8 2.4 45.8

11 2 0 12 4.6 50.3 19 0 12 4.5 47.0

12 0 0 12 0.4 36.9 14 6 4 0.4 28.6

13 0 0 6 1.0 44.4 11 0 4 0.8 25.7

14* 1 0 12 0.2 28.1 2 0 12 3.2 0.4

15* 0 0 12 2.4 29.5 5 0 10 1.5 10.9

* patients with abnormal secretion of the transplanted SMG.

ST, Schirmer test; TFBUT, tear film breakup time; FS, fluorescent staining; UR, Uptake ratios of the SMG; EF, excretion fractions of the SMG.
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V. SIALOGRAPHIC FINDINGS IN TRANSPLANTED
SMGS WITH CHRONIC SIALADENITIS

The two glands that underwent recurrent swelling and
produced little and viscous secretion showed a different
appearance on sialography than the 13 normal transplanted
glands. Their cardinal feature was irregular dilation and stric-
ture of the main duct, which formed a “sausage-like” pattern
(Figure 4). The maximum diameter of the main duct was
obviously larger than that of the main ducts of the normal
Figure 1. Sialography procedure. (A) The main duct of the transplanted s
which was fixed on the face. (B) Meglumine diatrizoate was injected via the tu
radiography unit (arrow: the Flat Panel Detector). (D) Anteroposterior projec
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glands. The excretion function of these SMGs declined signif-
icantly, as a large amount of contrast medium was retained in
the ducts 10 min after contrast injection (Figure 4). These
findings were very similar to the sialographic appearance of
chronic obstructive parotitis. Thus, sialography confirmed
our clinical suspicion of chronic obstructive sialadenitis of
the transplanted SMG in these two patients. This indicates
that sialography could provide important morphological evi-
dence for the diagnosis of chronic sialadenitis of the
ubmandibular gland was cannulated with a polyethylene tube (arrow),
be (arrow). (C) Lateral projection was applied with the subject seated in a
tion was applied (arrow: the Flat Panel Detector).
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Figure 2. Normal anatomy of the transplanted submandibular gland. (A) In lateral sialograms, the body of the gland (*) was marked by an opacity in
the anterior and lower regions of the temporal squama. The terminal duct branches converged into larger (secondary) ducts (arrows) and finally the
main duct (bold arrows). The main duct exited the transplanted gland from its anterior border, lay straight across the sphenoid bone and the frontal
process of the zygomatic bone and terminated in front of the lateral orbital wall. (B) In anteroposterior sialograms, the gland body (*) was located in the
soft tissue above the zygomatic bone, outside the temporal squama. The distal part of the main duct (bold arrow) was clearly demonstrated. (C) For a
transplanted gland after reduction surgery, only the remaining acini (*) near the main duct (bold arrows) was visible.
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transplanted SMG. No obvious change was seen in the sec-
ondary ducts in the transplanted SMGs with obstructive sia-
ladenitis. A possible explanation for this finding is that due to
the short duration of symptoms and early phase of sialadeni-
tis, the secondary ducts had not yet been affected. Another
explanation is that the secretory function of these trans-
planted SMGs never recovered due to the onset of ductal
obstruction, and therefore, the pressure from saliva stasis
was not high enough to dilate the secondary ducts.
218 THE OCULAR SURFACE / JULY 2014, V
VI. PRACTICABILITY OF SIALOGRAPHY OF THE
TRANSPLANTED SMG

SMG transplantation is an effective treatment for pa-
tients with severe KCS.13 However, clinically abnormal
secretion of the transplanted glands occurs in some pa-
tients.6,10 In these patients, Schirmer test and 99mTc scintig-
raphy show decreased secretion function of the transplanted
SMG. However, a practical morphological evaluation
method is required. Sialography is the gold standard for
Figure 3. Excretion function of the
normal transplanted submandibular gland.
(A) Both the secondary duct (arrows) and
the main duct (bold arrows) were well filled
with the meglumine diatrizoate immedi-
ately after injection. Residual contrast me-
dium was still visible (B) 5 and (C) 7 min
after injection. (D) Ten min after injection,
the contrast medium was excreted
completely in sialogram.
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Figure 4. Abnormal secretion and sialo-
graphic changes in a transplanted
submandibular gland with obstructive sia-
ladenitis. (A) Swelling of the main duct. (B)
Little and viscous discharge (arrow). (C)
Irregular dilation and stricture of the main
duct (arrows). (D) Residual contrast medium
(arrows) 10 min after injection.
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the diagnosis of chronic obstructive parotitis.14,15 The results
of our study showed that sialography could be used as a
simple and safe technique to clearly show the morphology
of the transplanted SMG, especially the structures of the
main duct. For patients with abnormal secretion of the
transplanted SMG, sialography can not only diagnose
obstructive sialadenitis but can also provide details of the
location and severity of the ductal lesion, which are indis-
pensable for formulation of the treatment plan.

In recent years, magnetic resonance (MR) sialography
using T2-weighted sequences for monitoring liquids has
been suggested as an alternative technique for the imaging
of ductal salivary gland diseases.15 MR sialography is supe-
rior to sialography in some aspects. It is noninvasive, in-
volves no ionized radiation, and does not require
cannulation or iodinated contrast injection.15 However,
because of its higher spatial resolution, sialography could
provide superior diagnostic information as compared with
that provided by MR sialography.16 Many researchers have
used sialography to examine the fine anatomy and
morphology of the salivary ductal system.17-20 As MR sialog-
raphy is not yet an established technique,20 sialography
continues to be the standard technique for imaging the
duct system.16

Sialography requires cannulation of the duct and injec-
tion of iodinated contrast material.15,16 When used for pa-
tients with transplanted SMGs, sialography requires
cannulation in the upper lateral conjunctival fold, which is
a commonly applied and safe procedure in SMG
THE OCULAR SURFACE / JULY 2014, VOL.
transplantation.5,6 The long-term safety of the use of the
contrast medium meglumine diatrizoate for investigations
of the eye has been confirmed.12 Therefore, sialography of
the transplanted SMG is safe for clinical application. This
procedure was well tolerated by the patients in the present
study.

Because of the need for iodinated contrast agents, sialog-
raphy is contraindicated in patients with iodine allergy. In
such patients, MR sialography provides an excellent
alternative.16
VII. CONCLUSION
Sialography of the transplanted SMG is clinically feasible

and can provide important morphological evidence for the
diagnosis of chronic obstructive sialadenitis of the trans-
planted SMG.
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