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Abstract This review of radioiodine sialadenitis covers

molecular mechanisms, demographics, and analysis of

quality of life. Animal and human research addressing

salivary gland damage from I131 therapy is reported, and

supplemented with relevant studies addressing the effect of

external beam therapy. An illustrative case example iden-

tifies abnormalities in the histopathology associated with

radioiodine sialadenitis. Approaches to preventing and

treating radioiodine sialadenitis are discussed.
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Background

Seaweed extract was first described for treatment of thyroid

gland enlargement (goiter) over 2,000 years ago. The med-

ically active component of seaweed was accidently isolated

in 1811 in the course of cleaning of seaweed-containing vats

with sulfuric acid. This process produced colored crystals

which were shown, two years later, to be the element

‘‘iodine’’ from the Greek ioeides, ‘‘violet-colored’’ [1•].

After Fermi’s isolation of radioactive isotopes of iodine

in 1934, collaboration between scientists at the University

of California, Berkeley, and physicians at Boston’s Mas-

sachusetts General Hospital led to study of I131 in animals

and then in humans [2, 3]. These experiments were fol-

lowed by a report of therapeutic use of radioiodine to

successfully treat hyperthyroid patients in Boston and

Berkeley in 1941 [4]. There are 37 known iodine isotopes

ranging from 108I to 144I and all are radioactive except 127I.

Although other beta-emitting isotopes have been used for

therapeutic use, the remainder of this discussion of radio-

iodine focuses on the effects of I131.

In contemporary therapy, radioiodine is used at low

doses to treat such benign hyperthyroid disorders as

Grave’s disease and hyperfunctioning nodules. Diagnostic

use of I131—largely replaced by 99mTc-pertechnetate or
123I—also uses a very low dose [5•]. Radioiodine-induced

salivary inflammation (sialadenitis) is dose-dependent.

Because of the smaller negative effect on salivary function

after exposure to low doses, the following discussion

centers on use of radioiodine at higher doses for treatment

of thyroid cancer.

High dose I131 is widely accepted as a useful adjunctive

treatment for most patients with aggressive ‘‘functional’’

well-differentiated thyroid cancer (WDTC). The term

‘‘functional’’ refers to the capacity of the thyroid cancer to

concentrate iodine. Debate continues not only regarding the

indications for, but also the dose of, I131 recommended for

most patients with WDTC. Desirable objectives prompting

I131 administration are:

1. treatment of residual thyroid cancer—both at the

primary site and metastases; and
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2. ablation of residual normal thyroid remnants:

(a) to achieve undetectable serum thyroglobulin (Tg)

levels, to enhance post-treatment assessment of

Tg levels to monitor for recurrence; and

(b) to increase the sensitivity of post-treatment

radioiodine total-body scanning to monitor for

recurrence and to assess the avidity of a tumor for

radioiodine to direct further I131 therapy.

Although successful use of radioiodine to achieve these

objectives would, logically, result in improved survival for all

patients aggressively treated, an overall survival benefit has

not been seen when I131 has been used for low-risk thyroid

cancer [6–9]. Regional variance in the use of radioiodine for

WDTC was reported in a contemporary study by Haymart

et al. [10]. These investigators concluded that the lack of

randomized controlled trials coupled with conflicting obser-

vational studies have led to broadly stated clinical guidelines

leaving decisions regarding use of radioiodine to provider

discretion. As a result, use of I131 treatment for WDTC varies

widely between and even within many institutions.

Reported differences between juvenile and adult WDTC

led Jarzab et al. [11] to recommend a ‘‘routine intensive

approach’’ to treatment of children with I131, because of their

‘‘more advanced disease at diagnosis, increased propensity

for recurrence, and greater radioiodine responsiveness’’.

These investigators indicated that their treatment philosophy

is derived from ‘‘published evidence of significant survival

benefits, especially regarding recurrence-free survival’’.

These same investigators reported that ‘‘radioiodine is gen-

erally safe’’ and list the side effects as ‘‘self-limiting, or

easily prevented or treated’’ [11]. They reported that most

patients are asymptomatic after treatment, but can develop

mild myelosuppression (*25 %), nasolacrimal obstruction

(*3 %), and sialadenitis (\5 %). These authors dismiss the

problems of post-I131 sialadenitis as ‘‘avoidable by admin-

istration of large amounts of sour liquids during therapy,

increasing salivary I131 clearance’’.

In contrast, recognition of the deleterious effects of

radioiodine and difficulties in treating those effects has led

many others to adopt more restrictive use of I131. The value

of administering radioiodine to ablate residual thyroid tis-

sue to improve follow-up study has been questioned.

Recent guidelines (2009) from the American Thyroid

Association (ATA) state that whole-body scanning is no

longer recommended one year after treatment for low-risk

patients [12]. This report from the ATA also states that

‘‘clinical judgment must prevail in the decision-making

process’’ regarding use of radioiodine for WDTC because

of ‘‘the absence of data’’. Carballo and Quiros [13] suggest

that, for low-risk patients, a combination of neck ultra-

sound and rhTSH-stimulated serum Tg is sufficient for

detection of persistent or recurrent disease.

The negative effects of treatment with radioiodine

include an increased risk of developing secondary cancers.

These cancers tend to occur in organ systems with the

greatest I131 exposure [5•]. Rubino et al. [14], by study of

6,841 European patients, identified a linear dose–response

correlation of I131 treatment with increased risk of devel-

oping leukemia, salivary gland cancer, colorectal cancer,

and bone and soft tissue cancer.

The remainder of this review addresses the negative

effect of radioiodine on the salivary glands, with emphasis

on strategies used to prevent radioiodine-induced sialade-

nitis. Further focus reports innovations addressing painful

salivary gland swelling and xerostomia associated with

stomatitis, oral candidiasis, dysphagia, taste disturbance,

and dental caries [15•, 16, 17].

Convention in the United States has been to report the

amount of I131 radioactivity delivered in the units milli-

curies (mCi), in honor of Marie and her husband Pierre

Curie. The International System of Units, the world’s most

widely used system of measurement, uses the alternative

term ‘‘Becquerel’’ to describe a unit of radioactivity. Henry

Becquerel (1852–1908) discovered spontaneous radioac-

tivity (‘‘Becquerel’s rays’’) in 1896 and later shared the

Nobel Prize for physics with his two doctoral students

Marie Sklodowska-Curie and Pierre Curie in 1903. Recent

efforts to alter convention in the United States to establish

consistency with European convention warrant familiarity

with the measurement term Becquerel (Bq). The unit Bq is

more commonly expressed as megabecquerels (MBq) and

gigabecquerels (GBq). One mCi is equivalent to 37 MBq

[18]. One GBq is equivalent to 27 mCi. Conversion tables

are available on-line to simplify interpretation (search for

‘‘Radioactivity Units of Conversion’’).

Magnitude of Problem

Salivary gland injury after radioiodine treatment depends not

only on the I131 dose administered but also on the method

used to assess salivary damage. Broad summaries estimate

that one out of three patients will have chronic salivary

problems after I131 treatment with symptoms which include

salivary swelling, salivary pain, and xerostomia [19, 20••].

Other authors have reported association of radioiodine

therapy with acute sialadenitis (24–77 % of those treated)

and chronic sialadenitis (11–61.1 %) [21•, 22–26].

Approximately 37,340 Americans were diagnosed with

thyroid cancer in 2008; of those, 62–75 % received radi-

oiodine treatment [27, 28]. Precise determination of the

magnitude of the morbidity associated with I131 adminis-

tration is difficult, because of variability of the patient

perception threshold for reporting salivary problems.

Xerostomia is a common complaint that results from use

of medications with drying effects, the aging process, and

Curr Otorhinolaryngol Rep (2014) 2:70–84 71

123



hormonal changes (menopause), and as a result of less

common autoimmune phenomena and treatment of the

head and neck by external beam irradiation. These con-

founding variables may obscure the overall effect of I131 as

a cause of xerostomia. It is reported that the sensation of

oral dryness does not usually occur until the normal

unstimulated flow rate is reduced by approximately 50 %

[29, 30]. Submandibular gland hypofunction is believed to

be a more important cause of the symptoms of xerostomia

than parotid hypofunction. Under resting conditions,

approximately two thirds of saliva is produced by the

submandibular gland [31–33].

Xerostomia was the focus of study by Jeong et al. [20••],

who reported dry mouth was a complication for 16.4 % of

patients after a single dose (100–150 mCi) of radioiodine.

This complaint was dose dependent, occurring among

17.9 % of patients after (150 mCi) 5.55 GBq and among

7.8 % of patients after 3.7 GBq (100 mCi). Jeong et al.

limited their study to patients without other causes of

xerostomia. They reported a remarkable long-term com-

parative analysis of pre-treatment (1–2 weeks before radi-

oiodine ablation) with post-treatment (60 months after

radioiodine), with assessment by use of salivary gland

scintigraphy with 10 mCi of 99mTc-pertechnetate. Each of

the four separate submandibular and parotid glands were

evaluated independently, leading to analysis of 852 sali-

vary glands (213 patients). Abnormal (diminished) uptake

of 99mTc pertechnetate after radioiodine therapy was

observed for 21.3 % of glands (30.3 % of parotids abnor-

mal; 9.4 % of submandibular glands abnormal). Dimin-

ished function of at least once gland after radioiodine

treatment was observed for 101 of the 213 patients

(47.4 %). For most of those with diminished function, the

damage was limited to either one gland (38.6 %) or two

glands (49.5 %). The patients’ subjective reports of dry

mouth correlated with results from objective measurement

of submandibular dysfunction rather than parotid dys-

function. Jeong et al. concluded that I131 treatment should

be limited to the minimum dose of radioiodine adequate for

thyroid remnant ablation. They also call for more work to

investigate the ‘‘Cincinnati’’ regimen (Table 1) used to

diminish radiation sialadenitis, in an effort to repeat the

more favorable results with this treatment as reported by

Silberstein [21•].

Pain and swelling of the salivary glands rather than

xerostomia have been the focus of other study evaluating

complications from radioiodine. Ann et al. [19] prospec-

tively studied 118 patients with WDTC, treated by surgery

then a single dose of I131, over a 13 month period ending in

August 2011. Subjective symptoms of salivary pain and

swelling were initially evaluated seven days before treat-

ment, a second time within seven days of administration,

and then finally between 100 and 596 days after treatment.

Pain and swelling were reported by 34 % (40/118) of

patients during the acute period. Acute or chronic symp-

toms developed in a dose-dependent fashion with overall

occurrence in 11 % (2 of 19 patients) who received 30 mCi

and in 50 % (50 of 99 patients) who received 100 mCi or

higher.

Quality of Life (QOL)

The negative effect of radiation-induced sialadenitis on QOL

has been intensively studied. Most reports have focused on

use of external beam irradiation to treat squamous cell car-

cinoma of the head and neck [34]. Although the outcome is

dose and site-dependent, it is estimated that approximately

half of those treated with external beam irradiation of the

head and neck will experience irreversible damage to irra-

diated salivary glands [35]. The resulting dramatic reduction

in saliva is associated with discomfort, mucositis, oral

infections, and marked decline in QOL [36, 37].

More specific analysis of the effect of radioiodine treat-

ment on QOL was first reported by Almeida et al. [38], who

used the University of Washington QOL questionnaire to

conduct a cross-sectional analysis . Analysis included 154

patients with stages I or II WDTC treated with total thy-

roidectomy (100 %), paratracheal neck dissection (17.5 %),

radical neck dissection (7.1 %), and radioiodine (60.4 %).

The median dose of radioiodine was 130 mCi (range

30–700 mCi). These investigators found post-treatment

scores for recreation, activity, speech, saliva, and composite

assessment were significantly depressed. Patients who

received more than 150 mCi reported significantly worse

pain, swallowing, chewing, speech, taste, and anxiety

resulting in a decrease in their aggregate ‘‘composite score’’.

Patients treated with radical neck dissection had significantly

worse chewing and shoulder problems. Multivariate analysis

that included extent of surgical treatment as a variable

revealed that dose of radioiodine greater than 150 mCi was

the only variable associated with a worse composite score.

Dysphagia may result from laryngeal paralysis occur-

ring as a result of either thyroid cancer or the surgery

performed to treat the cancer [39]. Dysphagia also occurs

among patients who receive radioiodine post-thyroidec-

tomy in the absence of laryngeal paralysis and has been

attributed to radioiodine-induced xerostomia with attendant

difficulties in draining saliva [16].

Radiographic Evaluation

Pain and swelling of the salivary glands after radioiodine

treatment may also result from processes unrelated to the

I131 treatment and in selected cases may warrant a more

general approach to salivary swelling (Hoffman HT (ed)

Iowa Head and Neck Protocols ‘‘Salivary Swelling’’
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Table 1 Selected methods for prevention of sialadenitis after irradiation

Prevention strategies Studies Study characteristics Conclusions

Radioiodine irradiation

Reduction of dose of I131 administered Multiple

studies

including

Refs. [58,

59]

Human (clinical) study—analyzing

effectiveness of thyroid ablation with low-

dose radioiodine measured by post-

treatment rhTSH-stimulated thyroglobulin

assessment and post-treatment I131

scintigraphy

For appropriately selected cases post-

surgical residual thyroid tissue may be

successfully ablated with 30 mCi

(1.1 GBq) I131; emphasis is placed on

complete surgical excision—to limit the

dose required for ablation and in some

cases avoid the need for radioiodine

ablation

Administration of sialogogues (lemon

candy) at time of I131 treatment

Nakada et al.

[62•]

Human (clinical) study—sucking lemon

candy\1 h (group A) or[24 h (group B)

after I131 ingestion

Xerostomia, altered taste, and sialadenitis

highest among those treated with candy at

the time of treatment (group A)

Parasympathetic stimulation

immediately after 131

administration

Silberstein

[21•]

Human (clinical) study—randomized

controlled study of 60 patients receiving

either placebo or pilocarpine 5 mg orally

every 8 h for 1 week after I131 therapy

No benefit seen in pilocarpine group

compared with control—reason for lack of

benefit ascribed to success of ‘‘Cincinnati

regimen’’ used for both the study and

control groups with equally good results

(no acute sialadenitis)

‘‘Cincinnati regimen’’ intense

sialorrheic management with hydration

during and after I131 treatment

Silberstein

[21•]

Oral 8 mg of dexamethasone and 100 mg of

dolasetron 2 h before therapy and every

12 h for five doses after I131 ingestion

2,400 mL nondairy liquid per day for the

week after therapy

Sugar-free gum or candy in the mouth at all

times when awake for a week and for the

first three nights, awaken every 3 h to

reapply sialogogues and then brush mouth

with soft toothbrush and water for 1 min

Remarkably low incidence of salivary

problems supports further investigation of

this approach. Relative importance of

contributions of dexamethasone (anti-

inflammatory) and dolasetron

(secretogogue), given primarily because of

their anti-emetic properties, is unclear

Amifostine (free radical scavenger)

administered intravenously before I131

treatment

Ma et al.

[68•]

Human (clinical) studies—review of

literature focused on two randomized

controlled studies, a German study by

Bohuslavizki et al. [69] and a Korean

study by Kim et al. [70]

Review of randomized controlled studies

concluded there was no radioprotective

effect of amifostine on the salivary glands

despite inclusion of the early study

(Bohuslvizki et al. [69]) suggesting there

was benefit

External beam irradiation

Before irradiation inject the glands

with botulinum toxin (chemical

denervation) to induce temporary

involution

Teymoortash

et al. [87]

Animal (rat) study—botulinum toxin

injected to one of the two submandibular

glands 14 days before external beam

irradiation (20 Gy single dose)

Protective effect of botulinum toxin

documented by salivary

lymphoscintigraphy and histologic

analysis (95 days after treatment)

Before irradiation infuse glands with

a protein (TLK1B) that facilitates DNA

repair and cell survival

Sunavala-

Dossabhoy

et al. [88]

Animal (rat) study—deleterious effects of

external beam irradiation (16 Gy)

attenuated by infusion of submandibular

salivary ducts with modified TLK1B

protein before XRT

Potential for infusion of protective/

reparative protein ‘‘safer alternative to

gene therapy’’

During irradiation administer

acupuncture three times a week

Meng et al.

[72]

Human (clinical) study randomizing patients

under treatment for nasopharyngeal

carcinoma with external beam irradiation

Significantly greater salivary flow and

diminished symptoms of xerostomia in

treated group possibly related to the

acupuncture stimulating the brain or

producing neuropeptides

Gene therapy (cDNA for hKGF in

adenovirus vector) instilled into

submandibular glands before

irradiation exploiting function of KGF

(keratinocyte growth factor) to

regenerate damaged epithelium

Zheng et al.

[73]

Animal (mouse) study—infuse glands of

eight-week-old mice by cannulation and

retrograde delivery of cDNA viral vector

versus control then irradiated (single dose

15 Gy and second group with 6 Gy daily

fractions for 5 days) with endpoints

including stimulated (pilocarpine) salivary

flow analysis

Transfer of the hKGF gene to SGs before

both fractionated and single-dose IR

substantially prevents salivary

hypofunction. Not yet clear whether

salivary parenchymal, endothelial, and/or

progenitor cells/stem cells are all targets

of the transgenic hKGF
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https://wiki.uiowa.edu/display/protocols/Salivary?Swelling

accessed 29 December 2013). Variations between institu-

tions and patients suggest a personalized approach to

diagnostic imaging. Although general recommendations are

available for direct radiographic imaging of salivary

swelling, reports specific to imaging of glands suspected of

having radioiodine injury are less common [40–43]. Sali-

vary imaging modalities range from the now rarely used

plain radiographs to more commonly used sialograms, CT,

MRI, ultrasound, and dynamic MRI scans [44].

Initial evaluation of acute sialadenitis after RAI therapy is

often appropriately limited to a history and physical exam-

ination. Radiographic imaging in this scenario is usually

reserved for unusual signs or symptoms of more advanced

disease—for example that indicating possible abscess for-

mation. In most cases no additional investigation is needed

other than to refer to the standard post-I131 treatment scan

usually performed one week after therapy. Evaluation of this

specific image is often useful to demonstrate predominant

uptake by the symptomatic gland(s) [45]. Uptake by the

serous-dominant parotid glands is more commonly reported

than uptake by the submandibular glands. Further analysis of

the radioiodine scan enables measurement reported as per-

centage radioiodine uptake (Fig. 1).

Use of radiographic imaging of the salivary glands to

assess the long-term effects of radioiodine is more

Fig. 1 a I123 scan performed one month after total thyroidectomy with

salivary uptake (0.65 %) greater than thyroid remnant and neck

metastasis uptake (0.51 %). Note greater uptake in the parotid glands

than the submandibular glands. b Left parotid sialogram performed

eight months after administration of 187.7 mCi of I131 reveals several

areas of short-segment narrowing and dilation of the main parotid duct.

c Bilateral parotid sialendoscopy was performed; duct narrowing and

debris were revealed. Successful balloon dilation is revealed by pre and

post-dilation imaging with sialendoscopy. d. Histopathology of the

resected submandibular gland revealed mild lobular inflammation with

depletion of acini and acinar atrophy (left image 9100). Ductal

dilatation, with accompanying attenuation of ductal mucosa and early

squamous metaplasia of the ducts, is present. Ductal concretions are

apparent, as is early periductal fibrosis (right image 9400) (with

permission from Iowa Protocols: web page: Hoffman HT (ed) Iowa

Head and Neck Protocols ‘‘I131 Sialadenitis (Radioiodine Sialadenitis)’’

https://wiki.uiowa.edu/pages/viewpageattachments.action?pageId=52

134351 accessed 14 January 2014)
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established. Scintigraphy is used most commonly for

research purposes to assess salivary gland function; 99mTc

is the current agent of choice [20•]. CT Imaging may be

useful for revealing indirect evidence of chronic salivary

dysfunction, as reported by Nabaa et al. [46]. These authors

showed that volume loss and increased attenuation are

markers of dysfunction. An increase of 10 HU (Hounsfield

units) correlates with severe gland dysfunction. This

attenuation is identified several months to a year after

radioiodine treatment and has been ascribed to fibrosis.

Ultrasound may characterize chronic sialadenitis with

affected glands shown to be small in size, hypoechoic,

inhomogeneous, and with reduced blood supply [43]. CT

sialography has been reported to be a useful, more refined

technique, with improved spatial resolution, for imaging of

ductal abnormalities [47].

Although conventional sialography with fluoroscopy has

been supplanted in many institutions by other imaging

techniques, we find it useful for imaging of ductal abnor-

malities that cannot be accessed by sialendoscopy or seen

on static imaging (Fig. 1). The ‘‘fourth dimension’’ (time)

is a component of conventional sialography that enables

review not only of a static sequence of images but also

video recording of insufflation and emptying of radiocon-

trast in the glands (Ref. Iowa Protocols: web page: Hoff-

man HT (ed) Iowa Head and Neck Protocols ‘‘Sialograms

and Sialography’’ https://wiki.uiowa.edu/display/protocols/

Sialograms?and?Sialography accessed 15 December

2013).

Case Example

An illustrative case is presented of a patient treated for an

aggressive papillary thyroid cancer (extrathyroidal exten-

sion of 6-cm tumor with capillary lymphatic invasion) by

total thyroidectomy then, one month later, diagnostic I123

study (Fig. 1a) (Ref. Iowa Protocols: web page: Hoffman

HT (ed) Iowa Head and Neck Protocols ‘‘I131 Sialadenitis

(Radioiodine Sialadenitis)’’ https://wiki.uiowa.edu/pages/

viewpageattachments.action?pageId=52134351 accessed

14 January 2014). Two days later 187.7 mCi I131 was

administered with amifostine and standard use of hydration

and sialogogues. Despite these measures the patient

developed immediate swelling of both parotid glands for

two days with resolution until recurrent parotid swelling

occurred five months later with onset of xerostomia.

Eight months after radioiodine treatment a sialogram of

the more affected left parotid revealed multiple areas of

short segment narrowing and dilation of the main parotid

duct suggestive of postradiation change (Fig. 1b). Two

days later bilateral parotid sialendoscopy revealed duct

narrowing and debris. The ducts were irrigated, dilated

(balloon), and then infused with 3 cm3 triamcinolone

(Kenalog 10) (Fig. 1c). There was no further parotid

swelling or pain with three year follow-up.

Xerostomia continued with onset of submandibular

swelling and pain occurring with meals that developed one

year after receiving the I131. Difficulty was experienced

cannulating the left submandibular gland, but successful

cannulation of the right submandibular gland enabled

delivery of triamcinolone (Kenalog 10) under local anes-

thesia. Relief of the painful swelling of the right sub-

mandibular gland was accompanied by continued pain and

swelling of the left submandibular gland. Resection of the

submandibular gland 19 months after treatment with I131

resulted in final resolution of the salivary pain and swelling

but persistence of xerostomia.

Histopathology of the resected submandibular gland

revealed attenuation of ductal mucosa with early squamous

metaplasia and early periductal fibrosis (Fig. 1d). Acinar

lobular inflammation with depletion of acini, acinar atro-

phy, and ductal concretions were also identified.

Molecular Mechanisms

Pain and swelling of the salivary glands after radioiodine

treatment are associated with an inflammatory process that

affects the acini in association with duct constriction and

increased periductal pressure [15•]. The ductal cells of the

salivary glands concentrate iodine in a tissue-to-serum ratio

of 50:1 [48]. A plasma membrane glycoprotein termed the

sodium–iodide symporter (NIS) is responsible for con-

centrating the iodine intracellularly. This concentration of

iodine also occurs in organs containing the NIS including

thyroid follicular cells, lacrimal glands, and gastric

mucosa. It has been estimated that up to 24 % of the

administered dose of radioactive iodine passes through

saliva [49].

An animal study has shown that iodine is concentrated

in ductal cells, but not in acinar cells [50]. The location of

the NIS in the ductal system has implications for thera-

peutic intervention targeting the ductal system for treat-

ment with special focus on strictures induced by

radioiodine [51•]. Despite this reported localized effect on

the ductal system, the acinar cells are also affected by I131

in a manner that is not clearly defined. The greater effect of

I131 on the parotid gland has been ascribed to greater

radiosensitivity of the serous cells predominant in the

parotid acini compared with the predominant mucus

secreting cells in the submandibular acinar units [52].

Jentzen et al. [50] analyzed salivary radioiodine uptake

and distribution and proposed an alternative hypothesis for

the different radiosensitivity of the parotid and sub-

mandibular glands. These investigators suggest that the

greater continuous unstimulated secretion of the sub-

mandibular gland clears the toxic iodine. As a result, the
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submandibular gland is exposed for a shorter period of time

than the parotid gland, which would be expected to retain

iodine on the basis of its intermittent secretion that occurs

only with stimulation. Jentzen et al. discovered that the

extent of salivary gland damage resulting from I131 treat-

ment is greater than would be predicted in applying the

well-known dose–effect relationship established for exter-

nal beam irradiation. They concluded that inhomogeneous

distribution of I131 activity in the salivary glands may cause

isolated regions of greater damage which explain the extent

of injury seen.

Others have postulated that radioiodine injury to both

the acini and ductal cells results secondarily from damage

to the vasculature of the glands [53]. This radiation damage

to the dividing endothelial cells is postulated to induce

injury by interfering with blood supply.

Another perspective regarding molecular mechanisms of

the effect of radiation comes from an animal study of the

effect of external beam irradiation on the salivary glands.

In 1983 Abok et al. [54] discovered that the quantity of

secretary granules in the salivary acini correlated with the

extent of gland damage after external beam irradiation.

Nagler [55] theorized that the high concentration of heavy

metals (including iron and copper) in these secretory

granules may increase sensitivity to ionizing radiation

leading to cell death.

Tissue classically believed to be radiosensitive is usually

characterized by rapidly dividing cells. The highly differ-

entiated and ‘‘almost non-cycling’’ functional salivary cells

(acinar cells) should, theoretically, be resistant to radiation,

as observed in a review of salivary radiosensitivity by

Konings et al. [56]. Konings et al. concluded there were

two separate mechanisms for salivary dysfunction occur-

ring in the early and late phases, respectively, after irra-

diation. The early defects in cellular function result from

membrane damage. Late-phase effects are because of

radiation killing of progenitor cells and damage to the

cellular environment. These investigators reported a clas-

sification scheme for radiation damage to the salivary

glands as occurring in four phases based on study of

localized external beam irradiation of rat salivary glands

with 15 Gy [57].

– Phase I (0–10 days: acute phase) impaired water

secretion, reduced to 60 % of that of the non-irradiated

state, with no cell loss observed. Hypothesis that

damage to the plasma membrane interferes with inter-

actions with cell membrane receptors (M3 muscarinic)

and/or Gq-proteins.

– Phase II (10–60 days) acinar cells disappear, presum-

ably because of plasma membrane damage with

decrease in secretion of amylase.

– Phase III (60–120 days) no major changes in cell

number or salivary flow.

– Phase IV (120–240 days late radiation phase) marked

lack of functional acinar cells caused by killing of

progenitor and stem cells—some reformation of acinar

cells that do not function properly because of damage

to ducts, blood vessels, and nerves.

These studies of the effects of external beam irradiation

on the salivary glands offer insight into preventative and

therapeutic strategies that can be used to manage radioio-

dine-induced sialadenitis.

Prevention of Radioiodine Salivary Damage

I131 Dose Reduction

Recent large studies have shown successful ablation of

postsurgical residual thyroid tissue by use of a lower dose

of 30 mCi (1.1 GBq) I131 [7, 58]. The results show it is

possible to effectively treat selected thyroid cancer with

lower doses of radioiodine and reduce salivary gland tox-

icity. Comprehensive surgery (complete total thyroidec-

tomy with negligible uptake on diagnostic post-surgery

scan) is proposed as an additional strategy to avoid the

need for radioiodine treatment of low-risk thyroid cancer

[59]. In addition, selected low-risk thyroid cancer may be

effectively treated without the need for either total thy-

roidectomy or I131 therapy [60]. The trend in the US has

been toward limiting use of radioiodine for low-risk dis-

ease [61].

Sialogogues

Nakada et al. [62•] investigated what they then believed to

be standard use of sialogogues in an effort to reduce the

side effects of I131 therapy. Although massage of the glands

was not mentioned as intervention in their study, the uni-

versally accepted emphasis on hydration during the period

of treatment was addressed by supplementing oral fluids

with IV fluids when necessary during the four days after

I131 administration. It is noteworthy that in the US post-

therapy hydration is encouraged through oral intake rather

than intravenous hydration, because most I131 therapy is

performed on outpatients.

In their study, Nakada et al. evaluated a consecutive

series of patients treated with I131 for WDTC. They com-

pared 116 patients who received lemon candy within 0.5 h

of ingesting I131 (group A from August 1999 to October

2000) with 139 patients who received the candy more than

24 h after treatment (group B from November 2000 to June

2002) [62•]. There were no differences between the two

groups in respect of mean age and mean dose of I131 (3.96

vs. 3.87 GBq). Exclusion of patients with preexisting
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salivary gland disorders, diabetes, collagen tissue tissues,

and a previous history of neck irradiation yielded 105

patients in group A and 125 patients in group B. Incidence

of xerostomia and sialadenitis, and altered taste, were

significantly higher for patients receiving lemon candy

immediately after I131 ingestion than for those delaying use

of the sialogogue for 24 h. These investigators postulated

that increased salivary blood flow in the group receiving

lemon candy at the time of I131 administration induced

greater uptake of the damaging radioiodine.

Controversy persists regarding the potential negative

effect of early application of sialogogues in an effort to

reduce salivary damage from I131 therapy [63]. Van No-

strand et al. [64] disagreed with Nakada’s conclusions on

the basis of a study of the pharmacokinetics of radioiodine

in the salivary glands in 23 patients administered lemon

juice 2 h after administration of 15–37 MBq (0.4–1 mCi)

I123. Van Nostrand et al. reported a rapid decline in

radioiodine in treated parotid glands within 4 min of

administering lemon juice with rapid re-accumulation of

radioiodine in the glands 20–40 min later. On the basis of

their study they recommend that sialogogues (e.g. lemon

juice) be administered 2 h after I131 administration and then

every 15–30 min afterwards (potentially continually). They

remarked that more information is needed to assess the

pharmacokinetics in the first early period (first 2 h) after

I131 administration.

Parasympathetic Stimulation

Alexander et al. [24] administered a questionnaire to 203

patients to address symptoms termed intermediate (within

three months) and long-term (greater than a year) after total

thyroidectomy then treatment with I131 (100–200 mCi).

Intermediate side effects occurred in 76.8 % of patients and

long-term side effects were reported by 61.1 % of patients.

Reduced salivary function was reported for 42.9 %, despite

use of pilocarpine by a subset of patients at the time of I131

treatment. The pilocarpine was administered in an attempt

to increase discharge of iodine from the salivary glands to

reduce the negative effects. These investigators reported a

non-significant trend toward reduced side effects of I131 in

the group receiving pilocarpine.

More recently, Silberstein [21•] from Cincinnati repor-

ted no benefit for 60 patients randomized to receive pilo-

carpine 5 mg orally every 8 h for one week after I131

therapy. The lack of expected benefit was explained by this

investigator as being because of excellent results in both

study and control groups. Silberstein reported that the study

and control groups received the same strong sialorrheic

‘‘Cincinnati regimen’’ that may have masked any small

additional benefit of use of pilocarpine.

This report by Silberstein introduced the ‘‘Cincinnati

regimen’’ (Table 1) as effective to the point that ‘‘acute

sialadenitis (swollen, painful salivary glands) within a few

days after therapy never occurred in either group’’. Sil-

berstein did report that one patient in the pilocarpine group

and two in the control group had mild salivary tenderness

on palpation 4–10 days after therapy. The mean I131

activity administered was 4.40 GBq in the group receiving

pilocarpine and 4.92 in the control group. The lower than

expected occurrence and lower severity of radiation sial-

adenitis was attributed to pre-I131 treatment with an intense

regimen of dexamethasone, dolasetron, hydration, and

sialogogues continued post-treatment. This intense regimen

included family member involvement to ensure ingestion

of at least 2,400 mL non-dairy liquid daily in the week

after therapy, awakening every 3 h for the first three nights

to urinate, chew gum, or suck candy and gently brush the

oral mucosal surfaces with a soft toothbrush and water for a

minute before expectorating. Gum or sugar-free candy was

also used continually during waking hours. Dolasetron

mesylate (100 mg) and dexamethasone (8 mg) were given

2 h before I131 therapy and every 12 h for another five

doses after I131 ingestion. In this study, administration of

dolasetron and dexamethasone successfully reduced nausea

and vomiting but may also have had an unintended benefit.

Silberstein reports that dolasetron is a serotonin receptor

blocker that functions also as a secretogogue and that

dexamethasone functions as an anti-inflammatory.

Amifostine

Amifostine is an organic thiophosphate that, in normal

tissue, is dephosphorylated by alkaline phosphatase to the

agent WR-1065 which functions intracellularly as a scav-

enger of free radicals. It was initially developed as a radio-

protective agent by the US Army in the 1950s, to protect

against the effects of nuclear warfare [65]. Amifostine is

believed to selectively protect non-malignant tissues from

the effect of radiation because of its greater accumulation

by normal tissue and the diminished activity of alkaline

phosphatase activity in tumor tissue [66]. Amifostine has

also been reported to accumulate to a higher level in sali-

vary tissue and to negligible levels in thyroid tissue.

Promising results from early study included those

reported from Germany by Bohuslavizki et al. [67], who

reported preservation of salivary function and protection

from xerostomia, for 25 amifostine-treated patients. More

recent study has not supported continued use of amifostine

to protect against I131-induced sialadenitis. Ma et al. [68•]

reviewed the protective effect of amifostine on radioiodine-

associated sialadenitis. They focused solely on prospective

randomized controlled studies which included that by Bo-

huslavizki et al. [69] and a more recent study from Korea
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(Kim et al. [70]). The review by Ma et al. concluded that

amifostine has no significant radioprotective effects on

salivary glands exposed to radioactive iodine.

Botulinum Toxin

A rat study by Teymoortash et al. [87] revealed that

injection of botulinum toxin into one submandibular gland

(saline placebo into the other) 14 days before a single dose

(20 Gy) of external beam irradiation significantly reduced

radiation damage to the treated gland. These investigators

proposed that transient pharmacologic denervation with

botulinum toxin causes gland atrophy and reduced the

amounts of secretory granules in the acinar cells. They

postulate that protection from radiation damage occurred

without any negative effect that may have resulted from

increased blood supply to the glands. It has been theorized

that increased blood supply to the gland might occur as a

result of dilation of adjacent blood vessels as a result of the

botulinum. Ansiaux et al. [71] have suggested that peri-

tumoral infusion of botulinum toxin could inhibit neuro-

genic tone in the vasculature, leading to increased blood

supply and attendant oxygenation which enhances the

radiosensitivity of the cancer.

Acupuncture

Meng et al. [72] at the Fudan University in Shanghai China

reported the results of a randomized trial evaluating acu-

puncture designed to prevent radiation-induced xerostomia

among patients with nasopharyngeal carcinoma. Forty

patients treated with acupuncture three times a week in the

course of receiving radiation reported significantly better

subjective ratings of salivary flow than the 46 who did not

receive acupuncture. Objective analysis of stimulated and

unstimulated salivary flow three weeks into treatment, at

seven weeks and then six months post-treatment identified

statistically better outcome for the group receiving acu-

puncture. Efforts were made to integrate traditional Chi-

nese medicine theory and biomedicine with placement of

needles at several body points; the needles were left in

place for 20 min. The authors propose that their favorable

outcomes could result from several mechanisms including

acupuncture-induced brain stimulation and secretion of

neuropeptides, resulting in increased salivary flow.

Gene Therapy

Retrograde salivary ductal instillation to introduce genetic

material has been studied for prevention of radiation

damage to salivary glands. Zheng et al. [73] investigated

use of retrograde insufflation of human keratinocyte growth

factor (hKGF) gene (cDNA in a viral vector) to murine

salivary glands before external beam irradiation. This

treatment prevented salivary hypofunction, presumably

because of the function of hKGF, which regenerates

damaged epithelium.

Treatment

Oral Parasympathetic Medication

Oral cholinergic medications with muscarinic activity have

been successfully used to stimulate salivary flow in patients

with xerostomia after I131 treatment. Aframian et al. [74•]

reported that oral administration of 5 mg pilocarpine

resulted in successful short-term salivary stimulation for

four of five patients with post-I131 xerostomia (Table 2).

Pilocarpine has broader muscarinic activity than cev-

imeline which is more specific for the M3 muscarinic

receptor located on lacrimal and salivary epithelium. As a

result, cevimeline has been promoted as having fewer

systemic side effects—most notably sweating. However, a

clinical trial comparing the two drugs in a cross-over,

double-blind study for management of xerostomia with a

variety of causes showed increased salivary secretion for

both and no perceived differences in side effects [75].

Excluded from this study were patients with uncontrolled

chronic obstructive pulmonary disease, depression, asthma,

cardiac arrhythmias, glaucoma, and use of medication with

interactions with the oral cholinergics. The observed side

effects from treatment with either cevimeline or pilocar-

pine included not only sweating, but also nausea, headache,

watering from the eyes, stomach upset, diarrhea, and pain

around the eyes. The authors conclude that these cholin-

ergic medications may be appropriate treatment for patients

with dry mouth, but the advantages and disadvantages must

be considered, taking into account the undesirable side

effects.

Sialendoscopy

Nahlieli and Nazarian [51•] reported results for the first

series of patients treated by sialendoscopy for symptomatic

radioiodine sialadenitis. They reported that the initial

symptoms of pain and swelling after treatment resulted

from inflammatory narrowing of the duct lumen with

‘‘salivary stagnation’’ and ‘‘mucus precipitation’’. They

also identified chronic post-radiation changes associated

with duct stricture. Their targeted approach used sialen-

doscopy for 15 patients to aid diagnosis and treatment.

‘‘Hydrostatic saline lavage pressure’’ was used for all

patients and supplemented by use of a sialoballoon for one

patient in an effort to dilate the strictures. Intraoperatively,

each patient received an intraductal wash with 100 mg
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hydrocortisone followed by a postoperative week of oral

antibiotics. They reported the value of ‘‘toileting’’ the

glands by use of this approach and, although they were

unable to successfully dilate all of the strictures (especially

the severe ones), they reported that ‘‘symptomatic

improvement is always achieved’’.

Table 2 Selected methods to treat sialadenitis from irradiation

Treatment strategies Studies Study characteristics Conclusions

Radioiodine irradiation

Enhance flow of saliva by gland

massage and by avoiding

dehydration; use of sialogogues to

stimulate salivary secretion;

antibacterial/anti-inflammatory

medication as needed

Multiple reports

include this

regimen as

standard [52,

78]

No critical randomized controlled

studies identified for analysis

These recommendations are frequently

presented as adequate treatment for

most cases of radioiodine sialadenitis

with other intervention regarded as

supplementary to this standard therapy

as per trials listed below

Pilocarpine administered orally as

parasympathetic agent (non-

selective muscarinic agent with

mild B-adrenergic activity)

Aframian et al.

[74•]

Human (clinical) study—four of five

patients with xerostomia after I131

(150–550 mCi) were shown to have

improved stimulated and unstimulated

salivary flow after ingestion of 5 mg

pilocarpine

Short-term pilocarpine increased

salivary output to ‘‘open a new

avenue’’ for treatment of radioiodine-

induced xerostomia with large-scale

long-term study needed

Sialendoscopy treatment

Sialendoscopy enabling dilation of

I131-induced ductal stenosis and

clearance of mucus plugs and

‘‘ductal wash’’ with 100 mg

hydrocortisone

Nahlieli and

Nazarian [51•]

Human (clinical) study—first

description of use of sialendoscopy to

treat 15 patients with hydrostatic

pressure by ‘‘continuous lavage’’

punctuated by ‘‘saline torrent’’ dilation

for each patient with one additional

patient treated with a sialoballoon

Successful mechanical dilation of the

strictures not always achieved but with

‘‘excellent toileting’’… ‘‘symptomatic

improvement is always achieved’’

Sialendoscopy as method to direct

balloon or endoscopic sheath

dilation of narrowing identified by

sialography (no steroid insufflation)

Kim et al. [78] Human (clinical) study—six patients

with post-I131 strictures treated by

balloon dilation and endoscopic sheath

dilation

Three failures out of six patients

because of total duct obstruction for

two patients and one patient with

severe stenosis preventing passage of

balloon, leading to recommendation

that interventional sialendoscopy be

performed before development of

severe symptoms occurs

Sialendoscopy to irrigate debris

and instill medication (40 mg

triamcinolone diluted in saline)

Bomeli et al.

[78]

Human (clinical) study—12 patient

addressed with success by cannulation

of 27 of 32 targeted glands

Symptom improvement for 9 of 12

patients treated—two of the failures

ascribed to inability to cannulate past

stenosis or masseteric bend in duct of

parotid

Sialendoscopy with dilation of the

puncta to introduce the

sialendoscope with flushing of the

ductal system (no steroid

insufflation)

Prendes et al.

[52]

Human (clinical) study—11 patients

with 23 of 24 parotid ducts

successfully cannulated; all five

submandibular ducts cannulated

Complete resolution of symptoms for 6

(54 %), partial improvement for 4

(36 %), and no improvement for one

patient who was subsequently treated

by parotidectomy

External beam irradiation

Hypnosis as a method for

‘‘optimizing

the physiologic environment for

salivation by cortical stimulation’’

and ‘‘counteracting negative

expectancy’’

Schiff et al. [84] Human (clinical) study—prospective

study of 12 patients (without a control

group) with refractory xerostomia

after external beam irradiation

evaluated with questionnaire and

sialometry

Improvement in symptoms correlated

with extent of exposure to hypnosis

but did not correlate with stimulated

and unstimulated salivary flow, which

did not improve with hypnosis

Gene therapy to induce functional

water channels in ductal cells to

establish an osmotic gradient

directing fluid intraluminally

Baum et al. [35] Human (clinical) study—phases I/II

retrograde instillation of adenovirus

vector delivering cDNA for the water

channel aquaporin-1 (AGP1) for

patients with xerostomia after external

beam irradiation

Enhanced parotid flow rate for 6 of 11

treated subjects
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A more recent (2012) meta-analysis by Strychowsky

et al. [76] of the global use of sialendoscopy for all causes

of salivary obstruction reported sialendoscopy to be ‘‘effi-

cacious, safe, and gland-preserving for the treatment of

obstructive major salivary gland disease’’. Although their

review focused on other disorders not associated with

radiation (for example salivary stones) they did include

radioiodine sialadenitis. They described sialendoscopy for

treatment of radioiodine-induced sialadenitis as ‘‘relatively

novel’’, with success ranging from 50 to 100 %. The

electronic literature search by these investigators targeted

publications up to October 2010 and included the initial 15

patients in Nahlieli’s study. They identified two other

studies for a total of 33 patients treated with sialendoscopy

for radioiodine-induced sialadenitis. Twelve of these

patients were reported by Bomeli et al. [77] as having

sialendoscopy for treatment of 20 parotid and 12 sub-

mandibular glands.

Bomeli et al. [77] reported successful sialendoscopy for

27 of the 32 glands addressed (84 %). These investigators

defined technical success as the ability to cannulate the

ductal system, remove debris by irrigation, and instill

medication (40 mg triamcinolone acetonide suspension

(Kenalog 40) diluted in 5 cm3 sterile saline) through the

irrigating channel of the scope. Reasons cited for failure in

accomplishing these objectives included an acute masse-

teric bend of the parotid duct (one patient), severe ductal

stenosis (three patients), and inability to remove a parotid

stone because of ductal stenosis (one patient). Nine of the

12 treated patients reported symptomatic improvement.

Two of the failures were attributed to unsuccessful sial-

endoscopy. The single patient with successful sialendos-

copy but without symptomatic improvement had

recurrence of symptoms one month after the initial sial-

endoscopy that failed to improve despite four additional

sialendoscopies.

The final six patients included in the review by Stry-

chowsky were those of Kim et al. [78], who selected

patients for sialendoscopy on the basis of failure to respond

to conservative management of the post-I131 symptoms of

salivary swelling and pain or dry mouth. Conservative

management consisted of ‘‘aggressive salivary massage,

hydration, and medication such as steroids, antibiotics,

sialogogues, and nonsteroidal anti-inflammatory drugs’’.

Their criteria for performing sialendoscopy also included

demonstration of stenosis of a duct on sialography. Suc-

cessful treatment of three patients included duct dilation

with a balloon or ‘‘endoscopic sheath’’. Three failures

included two cases of total obstruction (unable to pass the

sialendoscope) and one failure to move the sialoballoon

past the stenotic area. The three cases treated successfully

had no recurrence of symptoms during 8–10 months fol-

low-up. Kim et al. concluded that interventional

sialendoscopy should be performed before development of

severe symptoms associated with the severe duct stenosis

that may preclude successful dilation.

The most recent series analyzing therapeutic sialendos-

copy for management of radioiodine sialadenitis is that of

Prendes et al. [52], who treated 11 patients with a total of

23 parotid glands and five submandibular glands. Conser-

vative management, listed as including salivary gland

massage, warm compresses, aggressive hydration, sialo-

gogues, oral steroids, and cholinergic agonist medications

had failed for all patients. Six of the 11 patients had

received I131 on more than one occasion and one patient

had been treated for Grave’s disease. These investigators

identified ‘‘typical’’ sialendoscopic findings including pale

ductal mucosa, thick mucus plugs, ductal debris, and ste-

nosis of the lumen. Treatment consisted of dilation of the

ductal puncta to introduce the sialendoscope with copious

saline irrigation of the ductal system. Ductal instillation of

steroids was not included in this treatment. Some

improvement of symptoms was observed for 91 % of

patients, with 55 % rendered symptom free. The investi-

gators attributed these favorable results to dilation of the

papilla and ducts coupled with saline hydraulic dilation of

the ductal lumen and flushing of debris and thick mucus

plugs from the duct. They concluded that sialendoscopy for

radioiodine-induced sialadenitis is a viable and safe ther-

apeutic option for patients with symptoms refractory to

conservative therapy. These investigators also acknowl-

edged heterogeneity in reported surgical approaches and

that their technique differed from previous reports in that

neither steroid insufflation nor balloon dilation was used in

their series.

Steroid Infusion

Emerging evidence suggests the value of steroid infusion

through duct cannulation for some patients to address the

pain and swelling associated with salivary inflammation

[79]. This approach has been successful in helping patients

with Sjögren’s syndrome [80]. An isolated report of similar

value for treatment of patients with long-term I131 sialad-

enitis suggests the possibility of application of this treat-

ment [45].

Gene Therapy

A focused effort by Baum et al. [81] on gene therapy for

salivary disorders addressed the concepts that high-dose

irradiation may destroy the function of acinar cells and that

the epithelial ductal cells are incapable of fluid secretion.

The strategy used by this laboratory to restore saliva

exploited the potential of surviving duct cells to generate

an osmotic gradient directing fluid flow into the gland
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lumen. They reported the possibility of instilling the gene

for the water channel aquaporin-1 (AQP1) into the ductal

epithelium by use of adenoviral vectors. Administration of

the AQP1 gene was successful in animal models and led to

human trials by the same laboratory [82].

The first human clinical trial (phases I/II) was recently

concluded and used this strategy to induce functional water

channels in salivary duct cells. Baum et al. [35] reported

that instillation of an adenovirus (Ad5) vector into a single

parotid gland was safe, that hAQP1 gene transfer enhanced

parotid flow rate in 6 of 11 treated subjects, and that the

peak elevation of salivary flow after administration was

variable—occurring much later than expected from previ-

ous animal studies (occurring at days 7, 14, 28, and 42).

Pretreatment sialograms were obtained in this study, both

to establish evidence for radiation damage and to assess for

appropriate volume to instill. Their technique included IV

glycopyrrolate (4 lg/kg) intravenously 30 min before

cannulating the duct with a 22 gauge catheter used to infuse

AdhAQP1, with the cannula held in place for 10 min.

These investigators concluded that their results are ‘‘cau-

tiously encouraging’’—with further work to study hAQP1

gene transfer to include vectors other than the Ad5.

Hypnosis

Hypnosis for management of post-irradiation (external

beam therapy C5,000 rad) xerostomia has been addressed

in a prospective study of 12 patients who were refractory to

therapy with pilocarpine [83]. This observational uncon-

trolled study identified subjective improvement (via a

questionnaire) in 8 of the 12 patients after hypnotherapy.

No objective measurement of salivary flow was performed

to corroborate this finding.

Other Efforts

Initial trials of electrical stimulation of the tongue and

palate, and hyperbaric oxygen therapy have not proved

these to be of benefit for treatment of post-irradiation

sialadenitis [84, 85]. Most patients frequently ingest water

to treat the dry mouth. A large number of artificial saliva

preparations are available (Hoffman HT (ed) Iowa Head

and Neck Protocols ‘‘Management of Xerostomia’’ https://

wiki.uiowa.edu/display/protocols/Management?of?

Xerostomiaxerostomia accessed 29 December 2013).

A recent Cochrane meta-analysis (2011) addressed

topical therapy for management of dry mouth by evaluation

of 36 randomized trials involving 1,597 participants [86].

These investigators concluded there was ‘‘no strong evi-

dence from this review that any topical therapy is effective

for relieving the symptom of dry mouth’’. They elaborated

further that acidic products and preparations containing

sugar should be avoided by patients with xerostomia. They

also reported that oxygenated glycerol trimester saliva

substitute was more effective at relieving xerostomia

symptoms than water-based electrolyte spray, and that a

gel-releasing device worn in the mouth may be effective—

but more research was required for conclusive proof of this.

Recently completed and actively recruiting clinical trials

studying approaches to the management of xerostomia can

be accessed on-line by searching for ‘‘xerostomia’’ within

the site titled ‘‘ClinicalTrials.gov’’ http://clinicaltrials.gov/

accessed 24 December 2013.

Conclusion

The reported prevalence of radioiodine sialadenitis in

controlled studies probably underestimates the full effect of

I131 treatment. Excluded from these controlled studies are

patients with other causes of xerostomia (e.g. medication)

and salivary swelling (e.g. autoimmune salivary disorders).

In addition, the salivary hypofunction expected to develop

with menopause, aging, and use of medications with drying

properties, for example diuretics and anti-depressants,

would be expected to further expand the longer-term neg-

ative effect of I131 therapy.

Novel approaches to preventing radiation damage to the

salivary glands include gland infusion or injection of pro-

tective proteins (tousled proteins), genetic material in viral

vector therapy (hKGF), and neuro-effector blockade (bot-

ulinum toxin). Innovative approaches to restoring salivary

function to damaged glands include gene therapy (cDNA

for AQP1), use of parasympathetic stimulation (pilocar-

pine), and hypnosis.

Established approaches to addressing I131 sialadenitis

include avoidance of radioiodine treatment and, when

treatment is necessary, limiting the dose of radioiodine.

Vigorous hydration before, during, and after treatment is a

widely accepted but not rigorously tested management

approach. Gland massage supplemented with anti-staphy-

lococcal antibiotics and anti-inflammatory medications is

widely accepted intervention that also have not been

assessed in randomized in clinical trials. Questions persist

regarding the value sialogogues (lemon-drops) and sialor-

rheics (pilocarpine) at the time of treatment.

The five publications (including one review article) that

have addressed the use of sialendoscopy for management

of radioiodine sialadenitis all support its value. Each of

these studies identified sialendoscopy as useful for dilating

strictures and removing debris by irrigation. Three of these

studies used sialendoscopy to concurrently assist intra-

ductal delivery of steroids. Expanded use of sialendoscopy

through early intervention has been confirmed to address

radioiodine-induced ductal strictures when symptoms are
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mild to moderate, and before the strictures are severe

enough to limit the capacity for successful dilation.
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