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EVALUATION OF RADIATION SIALADENITIS AFTER RADIOACTIVE IODINE
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Abstract—Acoustic structure quantification (ASQ) software was used to analyze statistical information on ac-
quired echo signals, to determine the ability of ASQ to distinguish normal salivary glands of asymptomatic patients
from glands of patients with radiation sialadenitis (RS) after radioactive iodine therapy. The ASQ values of 192
salivary glands were compared by multinomial logistic regression analysis, and receiver operating characteristic
curves were constructed. Between-observer agreement was assessed by calculating the intra-class correlation co-
efficient. The mean ASQ values of patients with chronic RS or asymptomatic patients who had undergone radio-
active iodine therapy were greater than those of patients with normal glands (p, 0.001). The ratio was associated
with the highest odds ratio in patients with chronic RS compared with normal patients. Diagnostic performance
was moderate; the intra-class correlation coefficient between observers was very good. ASQ can objectively differ-
entiate RS-affected tissue from normal salivary tissue and is thus valuable for clinically diagnosing RS after radio-
active iodine therapy. (E-mail: hshong@schmc.ac.kr) � 2016 World Federation for Ultrasound in Medicine &
Biology.
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INTRODUCTION

Radioactive iodine (RAI) is extensively used to treat
differentiated thyroid cancer (DTC), to ablate post-
surgical thyroid remnants, and to combat metastases.
However, radiation damage to the salivary glands is a
known complication of this therapy (Mandel and
Mandel 2003), as RAI (131I) is actively taken up by the
salivary glands, which can result in gland dysfunction.
The parotid and submandibular glands express a sodium
iodide symporter (NIS), allowing them to concentrate
group VII anions, including iodine. In the saliva, 131I at-
tains a concentration that is 30- to 40-fold higher than that
of blood (De La Vieja et al. 2000). Salivary glands
concentrate about 2% of all 131I administered, creating
a tissue-to-serum concentration gradient of 50:1,
rendering the radiation dose 5- to 20-fold higher than

the dose to the whole body (Cavalieri 1997). Further-
more, epithelial cells, the principal cells of the salivary
glands, are particularly radiosensitive because of their
high turnover rate. Thus, sialadenitis is a common side ef-
fect of 131I treatment (Mandel and Mandel 2003), devel-
oping in 22%–55% of all patients who undergo this
therapy for DTC (Alexander et al. 1998).

Radioactive iodine therapy causes dose-related
damage to the salivary parenchyma (Solans et al. 2001).
Salivary gland swelling and pain, usually involving the
parotid gland, are evident. The symptoms may develop
immediately after a therapeutic dose of 131I and/or
months later, becoming more intense over time. Siala-
gogic agents may prevent RAI therapy-induced sialadeni-
tis by hastening the transit time of 131I through the
salivary glands (Abramson et al. 1969; Spiegel et al.
1985). Sialoendoscopy is a therapeutic option for the
management of radiation-induced sialadenitis when con-
servative therapy has been unsuccessful (Bhayani et al.
2015). The epithelium of the parotid intra-lobular ducts
is the principal site of 131I transport into saliva (Mandel
and Mandel 2003). The first symptom is gland obstruc-
tion, because the duct lumen narrows secondary to
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inflammation (Mandel and Mandel 2003). Salivary stag-
nation and mucus precipitation cause pain and swelling
until the mucus is extruded. Ductal stricture is evident
on parotid sialography, with concomitant proximal dila-
tion (Mandel andMandel 2003). Xerostomia is a more se-
vere condition, associated with permanent damage to
acinar and ductal salivary cells and greatly affecting the
quality of life (Mandel and Mandel 2003).

Currently, the two imaging techniques used to diag-
nose damage to salivary glands after RAI therapy are
scintigraphy and sialography. [99mTc]Pertechnetate sali-
vary scintigraphy plays a vital role in evaluating paren-
chymal damage to these glands (Caglar et al. 2002;
Raza et al. 2006; Solans et al. 2001). Reduced 99mTc
uptake by the glands, usually developing more than 1 y
post-operatively, indicates that the salivary parenchyma
is undergoing fibrosis (Caglar et al. 2002; Raza et al.
2006; Solans et al. 2001). Sialography allows
evaluation of the ductal system of the glands.
Ultrasonography (US) is seldom used, although the
technique is both easy and non-invasive (Brozzi et al.
2013; Gritzmann et al. 2003).

Acoustic structure quantification (ASQ) software is
used to analyze the statistical features of ultrasonographic
echoes, and has recently performed well for the quantita-
tive assessment of liver echogenicity. Several studies re-
ported that ASQ is useful for detecting and quantifying
structural changes in diffuse liver disease (Toyoda et al.
2009; Tuthill et al. 1988; Yamada et al. 2006).
Recently, there have been attempts to evaluate the
thyroid gland using ASQ (Rhee et al. 2015; Zandieh
et al. 2016). ASQ makes possible to differentiate tissue
types and detect structural changes in the tissue
parenchyma by examining the speckle pattern in a
selected region of interest (ROI). However, to date, no
study has explored salivary gland echogenicity using
this tool.

We explored the utility of ASQ in the diagnosis of
radiation sialadenitis (RS) after RAI therapy. Salivary
gland volumes in normal controls and patients treated
with RAI were measured, and correlations among symp-
tom scores, radiation doses, time since RAI treatment and
ASQ values were determined.

METHODS

Patient selection
Our institutional review board approved this pro-

spective study, and written informed consent was ob-
tained from all of the patients. A total of 192 salivary
glands of 96 consecutive patients (female:male, 72:24;
mean age, 47.6; range, 18–78 y) underwent neck US
with ASQ between April 2015 and August 2015. Patients
who presented with other salivary gland diseases such as

Sjogren’s syndrome were not included in this study. ASQ
data from normal salivary glands (66 parotid and 66 sub-
mandibular glands of 33 patients), from glands exhibiting
RS after RAI therapy (40 parotid and 40 submandibular
glands of 20 patients) and from glands of asymptomatic
patients who had undergone RAI therapy (86 parotid
and 86 submandibular glands of 43 patients), were
analyzed. A detailed medical history was obtained, fol-
lowed by US with ASQ. Patients lacking any clinical
symptoms, salivary disease and history of RAI therapy
who underwent neck US for evaluating thyroid nodules,
but whowere not on anymedication affecting the salivary
glands, constituted the control group. RS after RAI treat-
ment was diagnosed by the development of clinical symp-
toms, and/or prescription medication to treat sialadenitis
and/or abnormal findings on the scanning of salivary
glands.

Symptom score
Symptom score was the sum of the points assigned

for pain or swelling in the buccal region or submandibular
region (points assigned according to number of attacks
for each salivary gland), pain on eating, symptom relief
by medication, xerostomia or increased salivation with
sialagogic agents.

US and ASQ
Salivary gland US and ASQ were performed with

the aid of an Aplio 500 platform fitted with a 5- to 12-
MHz linear array transducer (Toshiba Medical Systems,
Otawara, Japan). After routine neck US, the volumes of
the parotid and submandibular glands were measured
(p/6abc, where a, b and c are the three dimensions in
mm), followed by ASQ. ASQ is sonographic software
that provides both qualitative (parametric imaging) and
quantitative (echo amplitude analysis [cm2] histogram,
modified c2 distribution) information on the heterogene-
ity of salivary echogenicity. The principles underlying the
ASQ method have been described in previous studies
(Toyoda et al. 2009; Tuthill et al. 1988; Yamada et al.
2006). To obtain quantitative data, the B-mode raw data
of the longitudinal images of the submandibular and
parotid glands were scanned for 3 s. A rectangular ROI
that included the widest portion of the parenchyma on a
longitudinal scan was drawn for each gland. Each
rectangular ROI actually consisted of approximately
300 smaller ROIs that were calculated with multiple
cm2 (intensity or amplitude) values. The peak value of
each cm2 (modified c2 distribution) of an individual
histogram for the ROI was calculated from B-mode
ultrasound image data using ASQ-R for PC, Version 1.0
(ToshibaMedical Systems, Nasushiobara, Japan). The re-
sults were automatically compared with the estimated
variance of normal salivary tissue, which is standard
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