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Abstract: Background: To assess the correlation/association between ultrasound and sialendoscopy
findings in radioactive iodine therapy—induced sialadenitis (RAIS). Methods: Patients presenting
with RAIS were investigated with ultrasound and sialendoscopy. Four pathologic ultrasound pa-
rameters and seven pathologic sialendoscopy parameters were retrospectively assessed. Correla-
tions/associations between ultrasound and sialendoscopy findings and associations between the
changes between the first and last ultrasound and sialendoscopy findings were assessed separately
for the parotid (PG) and submandibular glands (SMG). Results: Sixty-seven patients were included.
In the first examination, 107 glands were investigated (PGs 88.8%, SMGs 11.21%), and in the last
examination, 64 glands were investigated (90.6% PGs, 9.4% SMGs). Highly significant positive asso-
ciations were observed between the severity or category of ultrasound and sialendoscopy findings
for first and last examinations for PGs (both p = 0.0001) and SMGs (p = 0.002; p = 0.037). Duct
dilation had a significant negative association with the sialendoscopy findings for PGs in the first
and last examinations (both p = 0.0001), but not for SMGs. Comparison of changes in the ultrasound
and sialendoscopy findings between the first and last examinations showed a significant positive
association for PGs (p = 0.0001) but not for SMGs. Conclusions: Ultrasound and sialendoscopy
findings for the parenchyma and duct system in RAIS showed significant associations/correlations
and can be useful for effective management in RAIS.

Keywords: ultrasound: sialendoscopy; salivary gland; radioactive iodine; treatment

1. Introduction

Radioactive iodine-induced sialadenitis (RAIS) in the major salivary glands is ob-
served in 10-60% of patients after radioactive iodine treatment for differentiated thy-
roid cancer [1-16]. RAIS is caused by the uptake of I'3! into the salivary glands via the
Na*/K*/2CI -symporter system, which allows active ATP-dependent cumulation. Dam-
age to acinic cells is caused primarily by I'3! but also secondarily by duct obstruction due
to strictures and stenoses [2,10,17-21]. The parotid glands (PGs) are affected unilaterally in
75-90% of cases and bilaterally in 25%. The submandibular glands (SMGs) are affected in
less than 50% of cases [4,10,11,15,21,22].

Ultrasonography (US) and sialendoscopy (SE) play an important role in the manage-
ment of RAIS. Various ultrasound parameters for diagnosing RAIS have been described
(hypoechoic/heterogeneous/atrophic parenchyma, duct dilation), and the findings after
radioactive iodine treatment (RAIT) are time-dependent and dose-dependent [5,23-28].
This was particularly shown in a recent publication by our study group [29].

Sialendoscopy is reported to be a valuable diagnostic and therapeutic tool in RAIS.
Relevant findings include paleness of the mucosa, duct inflammation, debris, plaques,
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stricture/stenosis, and duct obstruction [21,22,30-38]. Ultrasound has only been included
in a few of these publications, without more detailed analysis [22,32,35].

To the best of our knowledge, no publications to date have investigated whether
and in what ways the ultrasound and sialendoscopy findings correlate in RAIS. In one
report, findings were based on sialographic and sialendoscopic findings, classified into
three groups (mild 12.31%, moderate 35.4%, and severe 52.3%) [38].

The aims of the present study were to classify ultrasound and sialendoscopy findings
in RAIS and investigate possible correlations/associations between them in order to assess
the severity and prognosis of RAIS, as this may be helpful in managing the condition.

2. Methods

This retrospective study was carried out at the Department of Otorhinolaryngology
and Head and Neck Surgery at the Friedrich-Alexander-University of Erlangen-Nuremberg.
This study was conducted according to the guidelines of the Declaration of Helsinki and ap-
proved by the Institutional Review Board Approval of the Friedrich-Alexander-University
of Erlangen-Nuremberg. Informed consent was obtained from all subjects involved in this
study. The database was searched for patients who were examined with ultrasound and sial-
endoscopy in the department’s ultrasound unit after RAIT for differentiated thyroid cancer.

The inclusion criteria were: (1) for patients: adequate follow-up, complete data avail-
able; no treatment/status post-radiotherapy/chemotherapy for other malignancies in the
head and neck region; and (2) for glands: no treatment for inflammatory and/or obstructive
salivary diseases; no prior surgery or other surgical manipulations in the salivary glands.

The clinical parameters included were: age, gender, type, and number of major salivary
glands/cases involved; time after RAIT at first presentation (months); and cumulative
therapeutic RAIT dose (MBq).

The ultrasound examinations were conducted or supervised by certified otolaryngolo-
gists using high-end ultrasound devices (Sonoline Elegra until 2011, ACUSON 52000/S3000
from 2012 to 2019, ACUSON Sequoia from 2019 to 2022; Siemens Medical Solutions USA
Inc., Malvern, PA, USA) and linear transducers at 4-9 MHz (9L4) or 4-10 MHz (10L4).
Ultrasound parameters were classified into normal findings (slightly hyperechoic, no
inflammatory changes) and four categories relative to increasing pathologic signs for
parenchyma and ducts, as described in one recent publication [29]:

1.  Hypoechoic and homogeneous (no relevant loss of gland parenchyma; Figure 1A)

2. Heterogeneous/coarse (partial loss of parenchyma with residual parenchymal echo-
texture recognizable; Figures 2A, 3A and 4A)

3. Mixed hypoechoic/hyperechoic, without relevant parenchymal tissue visible (replacement
of gland parenchyma by fatty-fibrotic tissue, parenchymal atrophy, Figures 4A and 5A).

4. The presence of duct dilation (>1-2 mm), with or without gland stimulation, was
noted as a sign of (residual) gland function (Figures 1A, 2A, 3A, 4A and 5A).

Sialendoscopy was performed using various semirigid sialendoscopes (types: 11572,
0.8 mm; 11574, 1.1 mm; Tuttlingen, Germany) [39-41]. Sialendoscopy findings were
classified into normal findings and seven categories for increasing pathologic signs. All
relevant findings reported in the literature (paleness of the mucosa, inflammation, debris,
plaques, stricture/stenosis, severe stenosis, total obstruction) [21,22,30-38] were included.
The categories for pathologic findings were:

1. Chronic sialodochitis (SD: inflammation, paleness of the duct wall, plaques, discharge;
Figure 1B; Supplementary Video S1)

2. Sialodochitis with a tendency toward duct narrowing (SD + Sten: SD and thickness of

the duct wall with a tendency toward luminal narrowing; Figure 2B; Supplementary

Video S2)

Short duct stenosis (<1 cm; Figure 3B; Supplementary Video S3)

Segmental duct stenosis (>1 cm)

Long duct stenosis (>3 cm; Figure 4B; Supplementary Video 54)

Complete duct stenosis (no lumen visible, but visible lumen proximal to the stenosis)

A
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7. Ductobliteration (lumen obstructed by fibrotic, cobweb-like material, no epithelialized
lumen visible; Figure 5B; Supplementary Video S5) as a sign of gland atrophy (diffuse
long stenosis and /or complete duct stenosis with proximal duct obliteration)

Relevant ultrasound and sialendoscopy findings were stored on video for later assess-
ment. If several examinations were performed, only the first and last were included. The
maximum ultrasound and sialendoscopy findings were noted and compared. The time in
months from the end of the RAIT to the first ultrasound and sialendoscopy examinations
and between the first and last ultrasound and sialendoscopy examinations was noted.
If identical glands were investigated at the first and last presentations, changes in the
ultrasound and sialendoscopy findings were noted (improved, equivalent, or worse) and
compared using correlation and association tests (Figure 6).

AFTER VIT

@

Figure 1. US (A) shows right SMG with slight hypoechoic changes (arrow) with normal echotexture
in a small part (white asterix). The corresponding SE (B) depicts chronic SD: the duct wall appears
pale with no narrowing of the lumen (Supplemental Video S1). SMG, submandibular gland; MHM,
mylohyoid muscle; T, tonsil.

Figure 2. US (A) shows left PG with heterogeneous parenchyma and duct dilation (1.2 mm, dotted
line) after stimulation. The corresponding SE (B) depicts chronic SD with tendency to stenosis: the
duct wall appears pale with narrowing (arrow) of the lumen (asterix, Supplemental Video S2). PG,
parotid gland; SD, Stensen’s duct; M, mandible; MM, masseter muscle.
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AFTER VIT C

Figure 3. US (A) shows right PG with heterogeneous parenchyma and duct dilation (1.5 and 1.6 mm,
dotted lines) after stimulation. The corresponding SE (B) depicts subacute SD with more fibrotic than
inflammatory stenosis (arrow) with narrowing of the lumen (white asterix, Supplemental Video S3).
PG, parotid gland; SD, Stensen’s duct; M, mandible; MM, masseter muscle.

DoB 12.11

9L4
* 1HNO-NORM

AFTER VIT C

AFTER VIT

C

Figure 4. US (A) shows right PG with heterogeneous parenchyma with residual parenchyma (white
arrows) and fatty degeneration (blue arrows) and without duct dilation after stimulation. The corre-
sponding SE (B) depicts a chronic SD with a diffusely thickened wall (white asterix) leading to fibrotic
stenosis (arrow, Supplemental Video S4). PG, parotid gland; M, mandible; MM, masseter muscle.

Figure 5. US (A) shows right PG with atrophic parenchyma with mixed hyper-echoic (fibrosis,
white arrows) and anechoic parenchyma (fatty degeneration, blue arrows) and no duct dilation after
stimulation. The corresponding SE (B) depicts a complete fibrotic stenosis without any duct lumen
visible (asterix; black arrows indicate the area of stenosis; the Supplemental Video S5 shows duct
obliteration after opening of the stenosis). PG, parotid gland; M, mandible; MM, masseter muscle.
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First presentation after Time Last presentation after

(including analysis of the changes during the course of time)

US findings and SE findings in RAIS

l

Prove of significance of correlation and
association of US + SE findings

|

1. Classification of the findings according to the extend of the pathology

2. Stratification of the management of RAIS according to the classification

Figure 6. Flow Diagram of the Study.

Statistical Analysis

IBM SPSS Statistics for Windows, version 26, was used (IBM Corporation, Armonk,
NY, USA). All data are given as the mean plus or minus the standard error of the mean,
median, and range. Bivariate correlations were calculated using Pearson’s correlation
coefficient. Differences/associations between the groups for categorical variables were
calculated using the chi-square exact test. The significance level was set at p < 0.05.

3. Results

Sixty-seven patients for whom all relevant data were available were included. Their
mean age was 50.1 £ 1.46 years (median 49.0, range 22-83); 89.6% were women (60/67).
All of the patients presented because of one or several symptoms starting after a mean of
10.5 = 2.99 months (median 5, range 1-144) after RAIT. The mean therapeutic dose applied
was 7793.1 &+ 631.6 MBq (median 5500.0, range 3000-25,796). The first presentation for
ultrasound and sialendoscopy after RAIT was after a mean of 27 £ 3.9 months (median 13,
range 1.5-188) in PGs and 73.1 & 26.1 months (median 28, range 4-254) in SMGs. PGs were
investigated in 57 cases (85.1%) and SMGs in seven cases (10.4%), and both glands were
examined in the same patient in three cases (4.5%). Bilateral glands were investigated in
37 cases (55.2%).

A total of 171 glands were examined using ultrasound and sialendoscopy (153 PGs,
89.5%; 18 SMGs, 10.5%). This included first examinations (107 glands: 95 PGs, 88.8%;
12 SMGs, 11.2%; bilateral 35 of 57 PG cases, 61.4%; and two of 10 SMG cases, 20%) and last
examinations (64 glands: 58 PGs, 90.6%; six SMGs, 9.4%; bilateral 14 of 44 PG cases, 31.8%).

3.1. Ultrasound and Sialendoscopy Findings and Correlations/Associations

Normal tissue on ultrasonography was observed only in PGs (first US 10.8%; last US
13.8%). The frequency of hypoechoic parenchyma (40% vs. 16.8%) and heterogeneous
parenchyma (32.6% vs. 27.6%) decreased between the first and last examinations, but
atrophic echotextures increased (16.8% vs. 43.1%). For SMGs, normal findings were not
observed. Atrophy was not observed at the first ultrasound examination, but in the last
one in 33.3% (Table 1).
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Table 1. Primary data after first and last ultrasound and sialendoscopy examinations of parotid
glands and submandibular glands in 67 patients after radioactive iodine therapy.

Findings All PGs SMGs
(n =107) (n =95) (n=12)
Maximum US findings at first examination
Normal parenchyma 10 (9.3%) 10 (10.5%) 0
Hypoechoic parenchyma 45 (42.1%) 38 (40.0%) 7 (58.3%)
Heterogeneous parenchyma 36 (33.6%) 31 (32.6%) 5 (41.7%)
Atrophic parenchyma 16 (15.0%) 16 (16.8%) 0
Duct dilation 66 (61.7%) 61 (64.2%) 5 (41.7%)
Maximum SE findings at first examination
Normal 2 (1.9%) 1(1.1%) 1(8.3%)
Sialodochitis 18 (16.8%) 16 (16.8%) 2 (16.7%)
Sialodochitis with tendency to stenosis 18 (16.8%) 15 (15.8%) 3 (25.0%)
Stenosis (short) 26 (24.3%) 20 (21.1%) 6 (50.0%)
Stenosis (segmental) 2 (1.9%) 2 (2.1%) 0
Stenosis (long) 15 (14.0%) 15 (15.8%) 0
Stenosis (complete, without obliteration) 2 (1.9%) 2 (2.1%) 0
Duct obliteration 24 (1.9%) 24 (25.3%) 0
Maximum US findings at last examination All (n = 64) PGs (n =58) SMGs (n = 6)
Normal parenchyma 8 (12.5%) 8 (13.8%) 0
Hypoechoic parenchyma 11 (17.2%) 9 (15.5%) 2 (33.3%)
Heterogeneous parenchyma 19 (29.7%) 16 (27.57%) 2 (33.3%)
Atrophic parenchyma 26 (40.6%) 25 (43.10%) 2 (33.3%)
Duct dilation 21 (32.8%) 21 (36.2%) 0
Maximum SE findings at last examination
Normal 0 0 0
Sialodochitis 8 (13.8%) 8 (13.8%) 0
Sialodochitis with tendency to stenosis 8 (13.8%) 6 (10.3%) 2 (33.3%)
Stenosis (short) 8 (13.8%) 6 (10.3%) 2 (33.3%)
Stenosis (segmental) 0 0 0
Stenosis (long) 7 (10.9%) 7 (12.1%) 0
Stenosis (complete, without obliteration) 1 (1.6%) 0 1 (16.7%)
Duct obliteration 32 (50.0%) 31 (53.4%) 1 (16.7%)

PG, parotid gland; SE, sialendoscopy; SMG, submandibular gland; US, ultrasound.

No evident pathologic changes were observed at the first sialendoscopy in only one PG
and in none of the glands at the last sialendoscopy. SD + Sten was observed in both glands
in 30-40% of cases at the first sialendoscopy and in 20-33% of cases at the last. Stenoses (all
kinds) were the pathological condition most often observed at the first sialendoscopy and
the second most often at the last sialendoscopy in both glands (PG: 41.1% and 22.4%; SMG:
50% and 33.3%), with short or long stenoses being most frequent. Duct obliteration was the
single pathology most often observed in PGs at the first and last sialendoscopy (25.3% and
53.4%), but was only observed in SMGs at the last sialendoscopy in one case (Table 1).

There were significant correlations between increasing categories of ultrasound and
sialendoscopy findings for the first, last, and first and last examinations combined for PGs
(first: 0.77, p = 0.0001; last: 0.91, p = 0.0001; first and last: 0.84, p = 0.0001). For SMGs, this
type of correlation was only observed at the last examination and when both examinations
were analyzed (last: 0.84, p = 0.038; first and last: 0.67, p = 0.002).

Normal parenchyma was not observed in SMGs and was only seen at the first ul-
trasound examination in PGs. It was associated with a sialendoscopy-based diagnosis of
sialodochitis in 90% of cases. No typical pathologic changes in the visible duct system
were also noted in one case. Hypoechoic parenchyma in both glands at the first and last
ultrasound examinations was associated with lower categories of sialendoscopy findings
(any kind of stenosis, 92.3%, or SD + Sten, 100%). Heterogeneous parenchyma in PGs was
associated both with lower categories (first SE 45.83%; last SE 62.5%) and also with duct
obliteration (first SE 54.17%; last SE 37.5%). Atrophy of the parenchyma was strongly asso-
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ciated with duct obliteration (81.25% at first SE; 100% at last SE). In PGs, duct obliteration
was the single pathology most often observed at the first sialendoscopy (25.3%) and was
associated with mixed parenchymal changes (45.8% heterogeneous and 54.2% atrophic). Its
frequency increased to 53.4% at the last sialendoscopy, with a higher percentage of atrophic
parenchyma (80.6%) in comparison with heterogeneous parenchyma (19.4%, Table 2).

Table 2. Cross-tabulation: findings after first and last ultrasound and sialoendoscopy examinations
of parotid glands and submandibular glands in 67 patients after radioactive iodine therapy.

Sialodochitis Stenosis
. . see with Stenosis Stenosis Stenosis (Complete, Duct
SE Findings Normal Sialodochitis Tendency (Short) (Segmental) (Long) Without Obliteration Total
to Stenosis Obliteration)
First US examination: maximum US findings
All glands
Normal o,
parenchyma 1 9 - - - - - - 10 (9.3%)
Hypoechoic 1 3 14 14 2 5 1 - 45 (42.1%)
parenchyma
Heterogeneous B 1 4 11 _ 8 1 11 36 (33.6%)
parenchyma
Atrophic - - - 1 - 2 - 13 16 (14.95%)
parenchyma
Total 2 (1.9%) 18 (16.8%) 18 (16.8%) 26 (24.3%) 2 (1.9%) 15 (14.0%) 2 (1.9%) 24 (22.4%) 107 (100%)
All PGs
Normal o
parenchyma 1 9 - - - - - - 10 (10.5%)
Hypoechoic _ 7 12 11 2 5 1 - 38 (40.0%)
parenchyma
Heterogeneous - - 3 8 - 8 1 11 31 (32.6%)
parenchyma
Atrophic - - - 1 - 2 - 13 16 (16.8%)
parenchyma
Total 1(1.1%) 16 (16.8%) 15 (15.8%) 20 (21.1%) 2(2.1%) 15 (15.8%) 2(2.1%) 24 (25.3%) 95 (100%)
All SMGs
Normal _ _ _ _ _ _ _ _ _
parenchyma
Hypoechoic o
1 1 2 3 - - - - 7 (58.3%)
parenchyma
Heterogeneous B 1 1 3 _ _ _ _ 5 (41.7%)
parenchyma
Atrophic B B B B B B B B _
parenchyma
Total 1 2 3 6 - - - - 12 (100%)
Last US examination: maximum US findings
All glands
Normal
parenchyma - 8 - - - - - - 8 (12.5%)
Hypoechoic B _ 6 4 _ 1 - - 11 (17.2%)
parenchyma
Heterogeneous B B 5 4 _ 6 _ 6 18 (28.1%)
parenchyma
Atrophic - - - - - - 1 2 27 (42.2%)
parenchyma
Total - 8 (12.5%) 8 (12.5%) 8 (12.5%) - 7 (10.9%) 1 (1.6%) 32 (50.0%) 64 (100%)
All PGs
Normal o,
parenchyma - s - - - - - - 8 (13.8%)
Hypoechoic B _ 5 3 - 1 - - 9 (15.5%)
parenchyma
Heterogeneous _ _ 1 3 _ 6 - 6 16 (27.6%)
parenchyma
Atrophic - - - - - 25 25 (43.1%)
parenchyma
Total - 8 (13.8%) 6 (10.3%) 6 (10.3%) - 7 (12.1%) - 31 (53.4%) 58 (100%)
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Sialodochitis Stenosis
o1 . i with Stenosis Stenosis Stenosis (Complete, Duct
SE Findings Normal Sialodochitis Tendency (Short) (Segmental) (Long) Without Obliteration Total
to Stenosis Obliteration)
All SMGs
Normal _ _ _ _ _ _ _ _
parenchyma
Hypoechoic _ 1 1 _ _ - - 2 (33.3%)
parenchyma
Heterogeneous _ 1 1 _ - - - 2 (33.3%)
parenchyma
Atrophic _ _ _ _ - 1 1 2 (33.3%)
parenchyma
Total - 2(33.3%) 2(33.3%) - - 1(16.7%) 1(16.7%) 6 (100%)

PG, parotid gland; SE, sialendoscopy; SMG, submandibular gland; US, ultrasound.

By contrast, heterogeneous parenchyma at the first sialendoscopy in SMGs was as-
sociated only with lower categories of sialendoscopic findings (short stenosis within the
hilum in 50%, associated with hypoechoic and heterogeneous parenchyma), and atrophy
was not observed. Atrophy was observed at the last sialendoscopy in two cases (com-
plete stenosis and duct obliteration, 50% each, Table 2). Taken together, the ultrasound
categories showed a significant positive association with the sialendoscopy categories for
PGs (first examinations, p = 0.0001; last examinations, p = 0.0001), but not for SMGs. Only
weak significance was noted here when the findings for the first and last ultrasound and
sialendoscopy examinations were summarized (p = 0.037).

3.2. Duct Dilation and Maximum Ultrasound Findings

Duct dilation was present at the first examination in 61.68% of cases, with the highest
frequency if the parenchyma was hypoechoic (82.22%) or heterogeneous (66.67%), but
lowest in atrophic parenchyma (6.25%). Frequencies were higher in PGs in comparison with
SMGs. At the last examination, the frequency was 36.2% for PGs, again with hypoechoic
and heterogeneous parenchyma showing the highest frequencies (66.67% and 62.5%). No
duct dilation was observable in SMGs (Table 3). A significant association between the
category of the ultrasound findings and the presence of duct dilation was noted for PGs
(first US: p = 0.0001; last: p = 0.003), but not for SMGs.

Table 3. Cross-tabulation: maximum ultrasound findings and duct dilation at the first and last
ultrasound examinations in parotid glands and submandibular glands in 67 patients after radioactive

iodine therapy:.
Maximum US Normal Hypoechoic Heterogeneous Atrophic Total
Findings Parenchyma Parenchyma Parenchyma Parenchyma
First examination, duct dilation
All glands 4/10 (40%) 37/45 (82.2%) 24/26 (66.7%) 1/16 (6.3%) 66/107 (61.7%)
PGs 4/10 (40%) 34/38 (89.5%) 22/31 (70.97%) 1/16 (6.3%) 61/95 (64.2%)
SMGs - 3/7 (42.9%) 2/5 (40.0%) - 5/12 (41.7%)
Last examination, duct dilation
All glands 1/8 (12.5%) 6/11 (54.5%) 10/18 (55.5%) 4/27 (14.8%) 21/64 (32.8%)
PGs 1/8 (12.5%) 6/9 (66.7%) 10/16 (62.5%) 4/25 (16.0%) 21/58 (36.2%)
SMGs - 0/2 0/2 0/2 0/6

PG, parotid gland; SE, sialendoscopy; SMG, submandibular gland; US, ultrasound.

3.3. Duct Dilation and Maximum Sialendoscopy Findings

Duct dilation was highest at the first examination if SD + Sten (80% PGs, 33.33% SMGs),
short stenoses (95% PGs, 33.3% SMGs), or long stenoses (80% PGs) were present. It was
observed in 20.83% of glands showing duct obliteration. At the last examination, duct dila-
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tion was observed only in PGs, particularly if SD + Sten (83.33%), short stenoses (83.33%),
or long stenoses (57.14%) were present (Table 4). A significant association between the
category of the sialendoscopy findings and the presence of duct dilation was noted for PGs
(first US: p = 0.0001; last: p = 0.003), but not for SMGs.

Table 4. Cross-tabulation of duct dilation in ultrasound and sialendoscopic findings after first and last
ultrasound examinations of parotid glands and submandibular glands in 67 patients after radioactive

iodine therapy.
SE Finding Sialodochitis Stenosis Duct Dila-
Ductdilation/ Normal Sialodochiti with Stenosis Stenosis Stenosis (Complete, Duct " :/CFin diil
SE Findin, orma alodochutls Tendency (Short) (Segmental) (Long) without Obliteration ° Total &
Gland (n; %) to Stenosis Obliteration) ota
First US examination
PGs (n; %) 0/1 9/16 (56.3%) (1820/ }5) 19/20 (95%) 2/2 12/15 (80%) 2/2 5/24 (20.8%)  61/95 (64.2%)
SMGs (n; %) 1/1 1/2 (3§/3%/0) 2/6 (33.3%) - - - - 5/12 (41.7%)
.o o 13/18 o o o 66/107
all glands (n; %) 1/2 10/18 (55.6%) (72.2%) 21/26 (80.8%) 2/2 12/15 (80%) 2/2 5/24 (20.8%) (61.7%)
Last US examination
PGs (n; %) - 1/8 (12.5%) 5/6 (83.3%) 5/6 (83.3%) - 4/7 (57.1%) - 6/31(19.4%)  21/58 (36.2%)
SMGs (n; %) - - 0/2 0/2 - 0/1 0/1 0/6
o 1/8 5/8 5/8 0 0 0
all glands (n; %) - (12.5%) (62.5%) (62.5%) - 4/7 (57.1%) 0/1 6/32 (18.8%) 21/64 (32.8%)

PG, parotid gland; SE, sialendoscopy; SMG, submandibular gland; US, ultrasound.

3.4. Changes between First and Last Ultrasound and Sialendoscopy

The last examination was performed in PGs after a mean of 31.8 & 5.5 months (median
15.5, range 2-177) and in SMGs after a mean of 49.5 & 20.7 months (median 24.5, range
8-115) after the first examination. In comparison with the first examination, the ultrasound
findings in 58 PGs deteriorated in 48.3% of cases (28/58), were unchanged in 43.1% (25/58),
and improved in 8.6% (5/58). In six SMGs, 33.3% (2/6) deteriorated and 66.7% (4/6) were
unchanged (for details, see Table 5). Altogether, changes in the categories of ultrasound
and sialendoscopy findings between the first and last examinations showed a highly
significant positive association for PGs (p = 0.0001) but not for SMGs (p = 0.300). Hypoechoic
parenchyma (40% first US, 15.5% last), duct dilation (64.2% first US, 36.2% last), and
lower categories of sialendoscopy findings (SD + Sten, all kinds of stenoses: 73.7% first
sialendoscopy, 46.6% last) were all present with higher frequencies at the first examination
in comparison with the last. By contrast, atrophic parenchyma (16.8% first US, 41.4% last)
and duct obliteration (25.3% first SE, 53.4% last) were observed more often at the last
examination in comparison with the first (for details, see Table 5).

Table 5. Details of changes in the findings between the first and last ultrasound and sialendoscopy
examinations in the parotid glands and submandibular glands in 64 patients after radioactive

iodine therapy.
S PGs SMGs S PGs SMGs
US Findings @, %) (0, %) SE Findings (0, %) (n, %)
Deterioration: change from — to Deterioration: change from — to
Hypoechoic — heterogeneous 9 1 SD — SD + tendency to stenosis 3 -
Hypoechoic — atrophic 8 1 SD — short stenosis 1 -
Heterogenous — atrophic 11 1 SD+ tendencgftéﬁos;?snosw — short 1 -
SD + tendency to stenosis — long 5 _
stenosis

SD + tendency to stenosis — _ 1

complete stenosis
Short stenosis — long stenosis 2 -
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Table 5. Cont.
S PGs SMGs . PGs SMGs
US Findings @, %) (0, %) SE Findings @, %) (n, %)
SD — duct obliteration 1 -
SD + tendency to stenosis — duct 4 _
obliteration
Short stenosis — duct obliteration 5 1
Segmental stenosis — duct 1 B
obliteration
Long stenosis — duct obliteration 8 -
Complete stenosis — duct 1 _
obliteration
28 (48.3%) 3 (50%) 29 (50%) 2 (33.3%)
Unchanged Unchanged
Normal 4 - SD 5 -
Hypoechoic 8 1 SD + tendency to stenosis - 1
Heterogeneous 7 1 Short stenosis 4 3
Atrophic 6 - Long stenosis 2 -
Duct obliteration 11 -
25 (43.1%)  2(33.3%) 22 (37.9%)  4(66.7%)
Improved: change from — to Improved: change from — to
Hypoechoic — normal 4 - SD + tendency to stenosis — SD 3 -
Heterogeneous — hypoechoic 1 1 Short stenosmst? nglsji; tendency to -
Segmental stenosis — SD + 1 _
tendency to stenosis
Complete stenosis — long stenosis 1 -
5 (8.6%) 1(16.7%) 7 (12.1%) -
Total 58 (100%) 6 (100%) 58 (100%) 6 (100%)

PG, parotid gland; SD, sialodochitis; SE, sialendoscopy; SMG, submandibular gland; US, ultrasound.

4. Discussion

Ultrasound [5,23-29] and sialendoscopy [21,22,30-38] are among the most important
tools for managing RAIS. Both the parenchyma and the duct system can be assessed us-
ing ultrasound and sialendoscopy. Hypoechoic parenchyma [5,23-26,28], heterogeneous
parenchyma [5,24-26,28], parenchymal loss (gland atrophy) [5,23,24,26], and duct dila-
tion [5] have been described using ultrasound [29]. Sialendoscopy findings reported have
included paleness of the mucosa, duct inflammation, debris, plaques, stricture/stenosis,
severe stenosis, and total duct obliteration [21,22,30-38].

Ultrasound has been used as a diagnostic tool in RAIS investigated by sialen-
doscopy [22,32,35], but to the best of our knowledge, there have been no studies categoriz-
ing and comparing ultrasound and sialendoscopy findings. On the basis of sialography
and sialendoscopy, Li et al. classified findings in RAIS into three groups: mild (steno-
sis and ectasia in the main duct, 0.9 mm sialendoscope passing easily, present in 12.3%);
moderate inflammation (one point of severe stenosis in the main duct, where the 0.9 mm
sialendoscope could not pass, present in 35.4%); and severe inflammation (two points
or more of severe stricture or diffuse strictures in the main duct, present in 52.3%) [38].
However, this classification did not include findings for the gland parenchyma. As RAIS
is caused by increased uptake of I'*! into acinic and ductal cells instead of Cl~ due to
the Na* /K" /2Cl -cotransporter, both parenchymal and duct cells are damaged [2,17,19].
Consequently, a classification should include ductal and parenchymal findings.

The present study shows that there are significant correlations and associations be-
tween ultrasound and sialendoscopy findings after RAIT (Tables 1-4). On the basis of the
current literature, parenchymal/ductal ultrasound findings can be classified into four main
pathologic categories [5,23-28] and sialendoscopy findings into seven main pathologic
categories [21,22,30-38].
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Highly significant positive correlations between the severity of the ultrasound and
sialendoscopy findings were noted for PGs (first, last, and both examinations: p = 0.0001
each), but for SMGs the associations were weaker (last: p =0.038, both examinations:
p = 0.002) (Tables 1 and 2).

Duct dilation was negatively associated with a higher category of parenchymal ultra-
sound findings in the PGs at the first (p = 0.0001) and last (p = 0.003) examinations, but not
in the SMGs (no atrophy present). Duct dilation was associated with normal, hypoechoic,
and heterogeneous parenchyma in 98.4% of PGs and 100% of SMGs at the first examination
and in 80.95% of PGs at the last examination (Table 3).

Duct dilation also showed a significant negative association with the severity of the
sialendoscopy findings for PGs at the first examination (p = 0.0001) and last examination
(p = 0.014). No significant differences were noted for SMGs in relation to the ultrasound
findings. At the first and last PG examinations, duct dilation was most frequent in SD + Sten
(80% and 83.3%), short stenoses (95% and 83.3%), and long stenoses (80% and 57.1%), and
in around 20% of cases of duct obliteration. In the SMGs, duct dilation was only observed
at the first ultrasound examination (only lower categories of sialendoscopy findings), but
in no cases at the last (mixed pathologies; Table 4).

A significant positive association was seen between changes in the various categories
of ultrasound and sialendoscopy findings for PGs (p = 0.0001) but not for SMGs. In the PGs,
the ultrasound and sialendoscopy findings deteriorated in 48.3% and 50% of cases, were
unchanged in 43.1% and 37.9%, and improved in 8.6% and 12.1%, respectively. Notably, the
observation by Roh et al. that there were no cases of regression of ultrasound changes at the
follow-up investigations [25] also applied to almost 90% of cases in the present study—but
not all cases (Table 5).

The results presented in this study show that the comprehensive information regarding
the state of the parenchyma and duct system that can be obtained using ultrasound and
sialendoscopy can be applied in the management of RAIS. This has not been addressed in
detail in earlier reports. [21,22,30-38]

e  Normal parenchyma with unremarkable findings, SD, SD + Sten on sialendoscopy: the
prognosis tends to be good and treatment measures are indicated. Treatment consists
of conservative measures (gland massage with sialogouges) and (sialendoscopic-
controlled) irrigation of the duct system with cortisone.

e  Hypoechoic glands and SD, SD + Sten, or any kind of stenosis: a relatively good
prognosis can be expected. Treatment measures are worthwhile. In addition to the
afore-mentioned measures, interventional sialendoscopy with the opening and dilation
of a stenosis with or without stent implantation can be indicated.

e  Heterogeneous parenchyma and presence of SD + Sten or any kind of stenosis: the
prognosis tends to be uncertain. Treatment may be tried, particularly if duct dilation
is present, but RAIS may impair the subsequent course. Conservative measures,
irrigation of the duct system, and interventional sialendoscopy may belong to the
therapeutic measures.

e  Heterogeneous parenchyma and complete or long stenosis, or incipient signs of duct
obliteration: progression is more likely. The success of any therapy may not be
promising (at least in the long term), particularly if no duct dilation is visible. While
conservative measures like irrigation of the duct system may be performed, the benefit
of interventional sialendoscopy is questionable.

e  Atrophic parenchyma and duct stenosis, or duct obliteration with or without duct
dilation: no further therapeutic measures (except conservative) are indicated.

The value of ultrasound and sialendoscopy is also highlighted by the fact that both
are cost-effective. They can both be conducted with the patient under local anesthesia
and can be repeated as often as needed, as they are not invasive, or at least less invasive.
The findings can be stored on video for additional analysis. A recent cost-effectiveness
analysis of diagnostic measures in RAIS, including ultrasound and sialendoscopy, found
that ultrasound is the least expensive method. It was also the most cost-effective tool for



J. Clin. Med. 2024, 13, 657

12 of 14

diagnosing RAIS in comparison with magnetic-resonance and computed-tomographic
sialography. Initial sialendoscopy was found to be more cost-effective in comparison with
medical management using diagnostic ultrasound [42].

The present study has some limitations. Firstly, it is a single-center study and a
retrospective analysis of patients presenting with symptoms in the major salivary gland
after RAIT at our salivary gland center; there may therefore be some referral bias. The
examinations were performed at different times after RAIT, when the patients were referred
or presented. Secondly, the first and last ultrasound and sialendoscopy examinations were
selected arbitrarily so that the changes expected after increasing follow-up periods could
also be assessed [1,2,12,14].

5. Conclusions

As noninvasive or less invasive, cost-effective modalities, ultrasound and sialen-
doscopy provide relevant findings in the parenchyma and duct system in patients with
RAIS. The findings can be classified relative to the increasing pathology in RAIS. Using the
classification parameters shows that the ultrasound and sialendoscopy findings are signifi-
cantly associated and/or correlated. Ultrasound and sialendoscopy findings, particularly
in combination, may be very useful for the management of RAIS and the assessment of the
further prognosis.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/jcm13030657/s1, Video S1: Sialendoscopy, corresponding to Figure 1A,
depicts chronic sialodochitis. While the hilum appears normal, findings are visible in the middle
and distal part of the duct system. The duct wall appears pale with a tendency to small amounts of
discharge and with no narrowing of the lumen. Video S2: Sialendoscopy, corresponding to Figure 2A,
depicts chronic sialodochitis with tendency to stenosis: the duct wall appears pale and markedly
thickened with a fibrotic aspect in the proximal and middle part of the duct system, resulting in a
narrowing of the lumen, but without significant stenosis. Video S3: Sialendoscopy, corresponding to
Figure 3A, depicts subacute sialodochitis in the proximal duct, which developed to a more fibrotic
than inflammatory stenosis with clearly visible narrowing of the lumen in the middle part of the duct.
Video S4: Sialendoscopy, corresponding to Figure 4A, depicts a chronic sialodochitis with a diffuse
fibrotic thickened wall and development to a stenosis in the proximal to middle part of the duct
system. Video S5: Sialendoscopy, corresponding to Figure 5A, depicts a complete fibrotic stenosis
without any duct lumen visible indicating the area of stenosis. After opening of the fibrotic stenosis
an obliteration of the duct system is recognizable characterized by missing of epithelial lining and
arachnoid formation of fibrotic tissue within the duct lumen.
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