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Foreword |

The idea of gland-preserving minimally invasive treatment of salivary gland
pathologies increasingly grew in importance at the end of the 1980s. A
number of working parties concerned themselves with this topic. This work
culminated in the establishment of diagnostic and interventional salivary
gland endoscopy, and it is not possible today to imagine the spectrum of
treatment options for diseases of the salivary glands without it. There has also
been a stronger focus on gland-preserving procedures for benign parotid
tumors.

Boyd Gillespie’s working party in the United States has been following
these ideas consistently for two decades and has made considerable interna-
tional contributions to their further development.

This book gives a complete overview of all the modern methods for the
diagnostic investigation and treatment of salivary gland disease as given by
highly experienced clinicians and should be read by everybody with an inter-
est in this subject.

I personally would like to express my gratitude for the fruitful scientific
cooperation and the friendly relationship!

Erlangen, December 2017 Heinrich Iro
Professor and Clinic Director

Department of Otorhinolaryngology—Head and Neck Surgery
Universitétsklinikum Erlangen, Erlangen, Germany

Universitit Erlangen-Niirnberg
Erlangen, Germany



Foreword Il

Itis a great honor to have been asked to write a foreword for this book, Gland-
Preserving Salivary Surgery, published by my esteemed colleagues and
friends.

When we started promoting sialendoscopy and developing sialendoscopes
in 1995, we had two concerns for the patients: having a minimally invasive
technique, reason for the development of specific dilators, scope sheaths, bas-
kets, and balloons; and having this technique popularized to avoid salivary
gland resections.

Teaching was our priority, and while organizing the first multidisciplinary
meeting on salivary gland diseases in Geneva, we organized the first course
on sialendoscopy, inviting all the salivary pioneers, as well as specialists of
all fields related to salivary glands pathologies, benign and malignant.

Slowly, the interest grew, and the European Sialendoscopy Training Center
(ESTC) group expanded. Many colleagues became successful leaders in their
own countries.

I met David Eisele in 2002 during the sialendoscopy course in Geneva and
followed his prestigious career. We stayed in contact and he came back sev-
eral times to Geneva to teach in our center. I am grateful for his long-lasting
friendship. I met Barry Schaitkin and Ricardo Carrau in 2004 in Pittsburgh
during an alumni gathering, and they visited our center several times, also as
teachers and friends. Rohan Walvekar was presented to me in Pittsburgh as
well, and I was always admirative of his dedication to sialendoscopy. Boyd
Gillespie honored us with his visit in 2012, and he has been also scientifically
very active, and promoting sialendoscopy.

The editors, Dr. Boyd Gillespie, Dr. Barry Schaitkin, Dr. Rohan Walvekar,
and Dr. David Eisele, were pioneers bringing this technique to North America.
Thanks to their dedication, passion, scientific work, and visibility, a rapid
expansion in the United States became possible, with nowadays more than
300 active centers all over the country.

The initial patients were treated for salivary stones, but sialendoscopy
allowed us to treat other stenosing pathologies affecting salivary ducts, such
as juvenile recurrent parotitis, radio-iodine strictures, Ig IGG4 disease, or
Sjogren’s syndrome. The International Multidisciplinary Salivary Gland
Society (MSGS) founded in 2005 gained therefore interest also for medical
specialties including pediatrics, immunology, endocrinology, and others. We

vii
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Foreword Il

are convinced that the future of this field relies on multicentric and multidis-
ciplinary collaboration, and we are extremely happy that this can occur in a
very friendly atmosphere within the growing family of sialendoscopists.

I am very admirative towards the important scientific contribution of my
sialendoscopy friends around the world, and I am grateful that the editors of
this book contributed also to the book I was privileged to edit in 2015 with
154 colleagues, Sialendoscopy: The hands-on book, and that my mentor and
friend Professor Eugene Myers kindly foreworded.

Gland-Preserving Salivary Surgery is an extremely complete and well-
written book. I have no doubt that with its clear illustrations, tables, and beau-
tiful pictures it will answer all questions one could have. It is certainly a
“must-have” book for all physicians interested in salivary glands.

Congratulations!

F. Marchal
University of Geneva
Geneva, Switzerland



Preface

Gland-preservation surgery began with surgical innovators in Europe who
not unlike van Leeuwenhoek desired to better understand a disorder through
direct inspection. In this case, the disorder was obstructive salivary disease
which causes repeated episodes of painful glandular swelling and reduced
quality of life. Pioneers of diagnostic sialendoscopy such as Konigsberger,
Gundlach, and Katz in the early 1990s engaged in the struggle to visualize the
minute anatomy of the salivary duct in order to diagnose the cause of salivary
obstruction. Their work was augmented by technical improvements in the
late 1990s by Marchal, Zenk, and Iro who partnered with leading biomedical
engineers to develop miniature yet hardy scopes capable of relieving obstruc-
tion with therapeutic sialendoscopy. Their work definitively demonstrated
that therapeutic sialendoscopy relieved symptoms, preserved glandular func-
tion, and avoided the morbidity of gland extirpation. As a result, they gave
birth to the science and philosophy of gland-preservation surgery as first-line
therapy for obstructive salivary disorders.

The innovators spread the philosophy of gland preservation through worldwide
lectures and courses, generously sharing their experience and knowledge with
those who sought to learn. In the mid-2000s, surgeons from around the world
flocked to Dr. Marchal’s European Sialendoscopy Training Center in Geneva and
Dr. Iro and Zenk’s courses in Erlangen eager to learn this technically demanding
yet rewarding surgical concept. As a result, the knowledge and practice of sialen-
doscopy spread to the continent of North America where early adopters began
their own courses until most states and major municipalities have at least one
sialendoscopist. As current leaders in sialendoscopy by volume, North American
surgeons continue to push the field forward in interesting and unexpected ways.

The editors owe a debt of gratitude to their European teachers, colleagues,
and friends. The editors also recognize Karl Storz and Cook Medical for pro-
moting innovation, education, and research in the field of sialendoscopy
despite the relatively limited prevalence of the disorder. Lastly, we thank our
patients who entrust us with their care and continue to provide the motivation
to try to do things a little better than before.

Memphis, TN, USA M. Boyd Gillespie
New Orleans, LA, USA Rohan R. Walvekar
Pittsburgh, PA, USA Barry M. Schaitkin
Baltimore, MD, USA David W. Eisele

June 2017
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Patient Evaluation and Diagnosis



Patient Evaluation and Physical
Examination for Patients with
Suspected Salivary Gland Diseases

William Walsh Thomas
and Christopher H. Rassekh

Key Points

1. A careful history will often point to the likely
etiology of a salivary disorder.

2. Systemic conditions and prescribed medica-
tions are frequent causes of salivary disorders.

3. Multigland swelling is usually secondary to
systemic conditions.

4. Salivary tumor must be considered in all cases
of single gland swelling.

Introduction

The evaluation and examination of a patient pre-
senting with salivary pathology begin with a thor-
ough clinical history and subsequent physical
examination. The differential diagnosis gener-
ated through clinical examination can be further
refined and narrowed to a specific diagnosis or
set of diagnoses leading to appropriate use of
radiologic imaging and laboratory testing guided
by signs and symptoms. This framework of clini-
cal care is not unique to salivary pathology, but
there are aspects of salivary disease that require

W.W. Thomas, M.D. ¢ C.H. Rassekh, M.D. (1)
Otorhinolaryngology-Head and Neck Surgery,
Penn Medicine Sialendoscopy Program,
University of Pennsylvania, 5th Floor Silverstein,
3400 Spruce Street, Philadelphia, PA 19104, USA
e-mail: william.thomas @uphs.upenn.edu;
christopher.rassekh@uphs.upenn.edu

© Springer International Publishing AG 2018

focused and unique questioning and examina-
tion. Once the necessary clinic history, examina-
tion, and confirmatory testing have been
performed, the patient can be definitively treated
through a variety of medical, minimally invasive
endoscopic, or traditional open excisional
approaches to accomplish gland preservation for
numerous conditions. Each patient’s individual
pathology, comorbidities, and wishes will deter-
mine the appropriate course of action, but the
right path always begins with an accurate diagno-
sis established in the clinic.

Clinical History: General Salivary
Issues

The clinical evaluation of a patient begins in the
office where a relationship of trust is formed
between the patient and physician. The clinical
history is taken in a broad manner that subse-
quently narrows to a focused history on the sali-
vary gland(s) or condition(s) in question. One
mnemonic (“OLD CARTS”) to collect pertinent
information is found in Table 1.1. This mnemonic
allows the patient to elaborate on each symptom,
starting with the chief complaint and subse-
quently each associated symptom in the history
of present illness. The clinical interview should
begin with open-ended questions. As the clinical
scenario is sharpened in the clinician’s mind,
various close-ended, yes or no, questions can be

M.B. Gillespie et al. (eds.), Gland-Preserving Salivary Surgery,

https://doi.org/10.1007/978-3-319-58335-8_1
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Table 1.1 OLD CARTS: Clinical evaluation mne-
monic for patient assessment from medical and nursing
school curricula—Example: “Doctor, my gland(s) is/are
swelling”

O (Onset) Acute onset of swelling, onset
following any particular event (e.g.,
meals or exertion); for acute
swelling, recent illness or surgery
should be elucidated as a common

cause of acute sialadenitis

L (Location) Multiple gland swelling (bilateral
parotid vs. multigland swelling vs.
hemifacial gland swelling) vs.
single gland or regional swelling—

floor of mouth or buccal surface

D (Duration) Persistent swelling or waxing and

waning or progressive enlargement

C (Character) Firm vs. fluctuant swelling, focal vs.
diffuse within 1 gland or region, is
the swelling fixed or mobile, small

or large relative to mouth or face
Worsened pain or purulence with
palpation, worsened swelling with
eating or speaking

A (Aggravating
factors) or
(Associations)
Associated with worsening taste in
the mouth or pain with oral intake
Associated with other masses in the
neck
Associated with any URI symptoms
or recent illnesses
Associated with voice change or
difficulty speaking fluently
Associated with fevers, myalgias, or
other systemic signs
R (Relieving
factors) or
(Radiation)

Do sialagogues, steroids, antibiotics,
or warm compresses improve the
swelling or have no effect at all

Pain radiating to the ears, pain
radiating to the jaw, or worsening
pain with clenching the jaw
T (Timing) Temporal association with eating or
brushing teeth or using a specific
oral product or device, timing
related to known risk factors such as
radiation therapy (XRT), radioactive
iodine(RAI), or periods of
dehydration associated with illness
or stress
S (Severity) Severe to the point of airway
concerns due to obstruction or
swelling
Severity of pain to the point of
dehydration and malnutrition in
sialadenitis

Severity of deformity (cosmetic)

used to differentiate various salivary pathologies.
A thorough understanding of the patient’s chief
complaint is crucial to the interview of the his-
tory of present illness. Properly understanding
what the patient would like to be treated will help
the clinician to understand the patient’s expecta-
tions as well as the patient’s own understanding
or realization of their disease process. Once the
physician has begun the review of systems, the
patient may be prompted to recall key informa-
tion for the chief complaint; it is important for
clinicians to have an established and routine sys-
tem for evaluating new patients in order that all
pertinent information may be documented and
taken into full account. Clinicians can miss cru-
cial diagnostic information if they rely on heuris-
tics to label a patient on the basis of a chief
complaint without subsequent review of systems.
Less-experienced clinicians may lack the broad
differential diagnosis known inherently by more
experienced clinicians in treating salivary gland
disease. This broad differential diagnosis and
breadth of knowledge are the reason that attend-
ing physicians frequently have at least one fur-
ther question that the clinicians-in-training failed
to elucidate during their initial interview.

Additionally, patients’ past medical, surgical,
prior treatment history and social history as well
as current medical conditions should be thor-
oughly queried for comorbidities with salivary
health implications. An algorithm for salivary
gland disease can begin with the separation of
patients into cohorts of multigland pathology or
single gland pathology. Typically, systemic ill-
nesses can present with multigland dysfunction
and masses, or sialoliths present as single gland
pathology. However, clinical scenarios are always
more complicated than simple algorithms. For
example, a typical multiglandular pathology such
as HIV can predispose patients to an increased
incidence of single gland pathology such as lym-
phoma of the parotid [1].

Systemic illnesses that can cause multigland
dysfunction are listed in Table 1.2. Additionally,
many medications taken chronically can cause
dry mouth and a representative sample is listed in
Table 1.3.
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Clinical history for the “dry mouth” patient.

A clinical history focused on a patient who
presents with xerostomia should focus on con-
tributing factors such as found in Tables 1.2 and
1.3 as well previously attempted therapies and
treatments.

Xerostomia has significant impact on quality
of life. The elderly, most frequently due to their

Table 1.2 Systemic illness with manifestations of sali-
vary pathology
Sjogren’s syndrome (primary or secondary)
Graft-versus-host disease

Granulomatous diseases (tuberculosis, sarcoidosis),
e.g., Heerfordt’s syndrome

Bone marrow transplantation

Chronic renal dialysis

Malnutrition: bulimia, anorexia, dehydration
Cystic fibrosis

Chemotherapy for systemic malignancy
Human immunodeficiency virus

Diabetes mellitus—particularly with poor control and
polyuria

Table 1.3 Medications associated with xerostomia [2]

Anticholinergic Atropine, belladonna, benztropine,
antimuscarinic oxybutynin, scopolamine,
agents trihexyphenidyl

Chlorothiazide, furosemide,
hydrochlorothiazide, triamterene

Diuretic agents

Antihypertensive
agents

Captopril, clonidine, clonidine/

lisinopril, methyldopa
SSRIs: citalopram, fluoxetine,
paroxetine, sertraline, venlafaxine

Antidepressants

TCAs: imipramine, amitriptyline,
desipramine, nortriptyline
MAGOISs: phenelzine

Others: bupropion, nefazodone,
mirtazapine

Antipsychotics Astemizole, brompheniramine,

chlorpheniramine, diphenhydramine,

loratadine, meclizine

Antihistamines Astemizole, brompheniramine,

chlorpheniramine, diphenhydramine,

loratadine, meclizine
Anxiolytics Alprazolam, diazepam, flurazepam,

temazepam, triazolam

chlorthalidone, enalapril,guanfacine,

multiple medications and age-related decrease in
salivary production, are at particular risk for
xerostomia. Xerostomia can have significant
adverse effects on oral health, contributing to
dental caries, worsening nutritional status, and
oral pain [3, 4]. Additionally, screening for
Sjogren’s syndrome should also be performed for
at-risk patients presenting with the new com-
plaint of dry mouth and/or dry eyes. Dry mouth
followed by sore mouth and then dry eyes were
the most common initial complaints in patients
presenting with Sjogren’s syndrome [5]. It is
important to determine if the patient has current
or past history with other medical specialties
such as rheumatology or ophthalmology.
Questions about the use of ocular lubricants, arti-
ficial tears, and difficulty in dry climates can give
insight into a patient with dry eyes. Additionally,
quantitative testing such as Schirmer’s test and
breakup test can be performed to assess for dry
eyes [6]. Various questionnaires and scales have
been developed and validated for the assessment
of xerostomia, and these questionnaires are good

Muscle-relaxing
agents

Cyclobenzaprine,

orphenadrine, tizanidine
Opioid analgesics Codeine, meperidine,
methadone, tramadol

Nonsteroidal Diflunisal, ibuprofen,
anti-inflammatory naproxen, piroxicam

agents

Others Anorexiants: diethylpropion

(amfepramone), sibutramine

Antiacne agents (retinoids):
isotretinoin
Anticonvulsants:
carbamazepine
Antidysrhythmics:
disopyramide
Anti-incontinence agent,
anticholinergics: tolterodine
Antiparkinsonian agents:
carbidopa/levodopa
Ophthalmic formulations:
brimonidine (alpha-2
adrenergic agonist)



W.W. Thomas and C.H. Rassekh

tools to quantify patients’ complaints in the
office. Questionnaires on various aspects of
history can often be given to patients in the office
prior to being seen by the physician as a way to
preliminarily gather data and make clinic man-
agement more efficient. One such questionnaire
by Sreebny and Valdini utilized the question
“does your mouth usually feel dry,” which was
found to have a negative predictive value of 98%
and a positive predictive value of 54% as well as
a sensitivity of 93% and specificity of 68% for
hyposalivation [7].

Common to many patients with xerostomia is
the presentation of bilateral parotid swelling. The
“swelling” as presented by the patient may be
focal or generalized, and Table 1.4 illustrates a
differential diagnosis for bilateral parotid swell-
ing. Bilateral salivary gland swelling is usually
due to a systemic process, infection, inflamma-
tory, or autoimmune. The diagnosis often depends
on the presence or absence of xerostomia. The
most common cause of viral infection of the sali-
vary glands is that of the parotid by the mumps
virus. The incidence of mumps dropped signifi-
cantly from up to 300,000 cases annually prior
to widespread vaccination in 1967 to 1223
cases reported in 2014. The mumps infection
can be unilateral but is usually bilateral and has
a viral prodrome before the parotitis ensues [8].

Table 1.4 Differential diagnosis of bilateral parotid
swelling

Focal masses Papillary cystadenoma
lymphomatosum (Warthin’s
tumor)—most common benign
Acinic cell carcinoma—most
common malignant

Benign lymphoepithelial cysts
(BLEC)—pathognomonic for HIV

Lymphoma
Diffuse swelling/ Sjogren’s syndrome
systemic illness  Sarcoidosis

Mumps

Suppurative parotitis

IgG4 disease formally Mikulicz’s
disease [6]

Anorexia or bulimia

Chronic infectious state—HIV,
HCV

Additionally, HIV, Sjogren’s syndrome, and RAI
therapy are additional causes of bilateral parotid
pathology. Sarcoidosis can also mimic Sjogren’s
syndrome by inducing dry mouth, dry eye, and
parotid gland enlargement. Concern should be
raised should the patient have fever and possible
facial nerve weakness as a rare form of sarcoid-
osis known as Heerfordt’s syndrome may be
present [6]. Sarcoidosis usually is painless and
may present with focal masses (granulomas) as
well as diffuse swelling. Further work evaluation
of sarcoidosis should include other organ sys-
tems that may be affected, particularly the pul-
monary system.

For all patients with swelling that seems
associated with inflammatory disease, details
of prior episodes of acute sialadenitis should be
obtained. Patients who have had severe infections
or abscesses are likely to have scarring in the
area of the gland which will make management
of their condition more difficult. The clinician
should be aware of this increased risk and should
accordingly counsel the patient that gland pres-
ervation may be more difficult in such situations.
In addition, patients with systemic illnesses, par-
ticularly those that compromise their immune
system (such as diabetics, post-organ transplan-
tation, and patient receiving chemotherapy), may
be less suited to conservative gland-preserving
approaches because open gland removal may be
simpler, faster, and more effective. Additionally,
failed conservative gland-preserving approaches
may put these patients with potential preexist-
ing comorbidities at risk of other significant
complications.

Furthermore for single gland “swelling,” a
general knowledge of the epidemiology of sali-
vary tumors benign and malignant is important to
know. The parotid gland is the most common
salivary gland to have a mass lesion.
Approximately 70% of salivary tumors arise
from the parotid, but it is the least likely salivary
gland for any given mass lesion to be malignant.
Only, approximately, 15% of parotid masses are
malignant. Submandibular gland tumors are
approximately 10% of salivary tumors, and
approximately 35% are malignant. Conversely,
minor salivary gland masses make up the remaining
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20% of salivary masses, but the percentage of
malignancy is significantly higher, 50-70%.
Additionally, pain as a presenting symptom for
salivary masses is an ominous sign as it is more
frequently associated with malignancy than
benign tumors; however, only 10% of patients
with salivary tumors report pain as a significant
symptom [9]. Pain is much more frequently
reported with infectious or obstructive salivary
disease. Benign salivary masses are slow grow-
ing and usually painless; rapid increase in size of
a long-standing salivary gland mass should raise
concern for malignant change, cystic degenera-
tion, or superinfection. Table 1.5 represents pos-
sible social determinants, prior medical
treatments, and occupational hazards, which can
increase the risk of salivary malignancy.

Table 1.5 Exposure, lifestyle, or prior treatment and
salivary malignancy

Alcohol No conclusive literature on alcohol
consumption and salivary gland
malignancy or tumors

Cigarette Not associated with malignant salivary

smoking neoplasm
Strongly associated with Warthin’s
tumor [10]

Occupational ~ 2.5-fold elevated risk of salivary

silica cancer [11]

Nitrosamine Elevated risk of salivary cancer [12]

exposure

Radiation 4.5-fold elevated risk salivary

exposure malignancy with an 11-year latency
period
39-fold higher incidence of salivary
gland malignancy in survivors of
childhood cancer with radiation to the
head and neck [13]
2.6-fold elevated risk of benign
salivary tumors with a 21.5-year
latency

Radioactive Dose-dependent complaint of dry

mouth in 16% of a cohort and
decreased salivary production
following I-131 treatment at

5 years [14]

Elevated risk of secondary primary
salivary malignancy following
radioactive iodine therapy for
well-differentiated thyroid
carcinoma—1 1-fold higher in study
cohort than standard cohort [15]

iodine therapy

Submandibular/Sublingual-Specific
History

A clinical history for a patient presenting with
pain or a mass in the submandibular region will
include the general otolaryngologic examination,
but special attention will focus on sialolithiasis.
Eighty percent of salivary stones arise from the
submandibular gland with the remaining 20%
from the parotid gland. Rarely, sialolithiasis may
occur in the sublingual gland or minor salivary
glands. The asymmetric distribution of sialoliths
is attributed to the submandibular gland’s more
alkaline saliva, higher content of calcium and
phosphorous, and higher mucous content.
Sialolithiasis is more common in chronic sialad-
enitis, and sialoliths are only weakly associated
with the systemic diseases gout and hyperpara-
thyroidism, primary and secondary [16, 17].
Stone size, orientation of long axis, and shape
have been found important in the feasibility of
endoscopic removal alone [18]. Additionally, the
risk factors, which are common to chronic sialad-
enitis, are also common to sialolithiasis, and so
the two are often seen together: dehydration,
xerostomia, and salivary duct stricture. These
conditions cause salivary stasis, which subse-
quently leads to a nidus of inorganic calcium
salts and then sialolith formation.

One condition, which occurs much more fre-
quently in the sublingual gland, is the formation
of a ranula. The pathophysiology of a ranula
involves the rupture and scarring of the main duct
of Rivinus or an accessory duct with subsequent
formation of a mucocele in the anterior floor of
the mouth. If the mucocele subsequently expands
posterior and inferior to the mylohyoid muscle,
the patient may present with a neck mass in the
level IB; this is known as a plunging ranula [19].
The ranula has a characteristic cystic appearance
and location in the anterior floor of the mouth;
clinically the patient will present with pain and
particularly with a plunging ranula; the pain can
be exacerbated with neck rotation. Mucoceles
may also arise from minor salivary glands, and in
the floor of mouth, they may be difficult to distin-
guish clinically from sublingual gland ranula
(Fig. 1.1). Additionally, cross-sectional imaging
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Fig. 1.1 Patient with a left submandibular duct mucocele
due to duct obstruction after gland excision. Pale cystic
appearance is common to ranula and mucocele lesions.
Minor salivary gland mucocele and sublingual gland ran-
ula would produce a similar appearance

of a patient presenting with a cystic neck mass,
clinically suspicious for plunging ranula, but
without the anterior floor of mouth lesion, may
reveal a submandibular mucocele. In these cases,
the submandibular gland should be addressed as
opposed to the sublingual gland [20]. In addition
to plunging ranula, the differential diagnosis for a
cystic neck mass is very large; the clinician
should ensure that malignancy in the form of
regional metastatic neck metastasis is not present
in all cases prior to assuming a benign etiology.
Other benign cystic neck masses include but are
not limited to lymphatic malformations, brachial
cleft cysts, thyroglossal duct cysts, and many oth-
ers. A unique clinical pearl for the diagnosis of
lymphatic malformations is the enlargement or
history of enlargement with bending over, strain-
ing, or Valsalva, as central venous pressure is
raised, lymph is not able to drain from the mal-
formation, and it may thus enlarge. Many patients
with lymphatic malformations and lymphangio-
mas present without symptoms with incidental
imaging findings, but others are quite bothered
by the lesions either due to pain, deformity, or the
concern about a more dangerous diagnosis. In
such cases, removal of the lesion may be required
such as in the case shown in Fig. 1.1. Because
tumors of the sublingual gland and minor sali-
vary gland origin are often malignant, it is imper-

ative to evaluate thoroughly, and imaging will
come into play for further work-up of ranula and
cystic salivary gland and neck masses. In some
parts of the world, it has been postulated that
ranula is associated with HIV infection, so this
should be considered. In a series of 113 patients
with oral mucocele from South Africa, 38 patients
had plunging ranulas, and 36 of these patients
were HIV positive. The conclusion from these
series suggests that HIV-positive patients are
more likely to present with ranula or plunging
ranula than the general population, but no mecha-
nism of causality has been elucidated [21].

Parotid-Specific History

The clinical history for a patient with a mass of
the parotid gland should begin with the standard
otolaryngologic interview as described above,
but a few additional parotid-specific clinical
pearls should be obtained. The superficial portion
of the parotid gland contains on average 10-20
lymph nodes, and the clinical history should help
to determine the risk of a primary parotid tumor
as opposed to a metastatic lymph node within the
parotid. Specifically, sun exposure, the use of sun
protection, and prior occupation should be dis-
cussed in order to obtain a general risk for skin
cancer and subsequent parotid metastasis.
Patients should be asked about any history of
prior cutaneous malignancy of the face, neck, or
scalp. Additionally, a thorough evaluation of
hearing and ear function should be obtained to
assess for a primary otologic malignancy pre-
senting with parotid metastasis. Simultaneously,
assessment for otitis media or hearing loss should
be performed as deep lobe parotid masses can
obstruct the Eustachian tube in the prestyloid
compartment of the parapharyngeal space. Any
neurological symptom should be investigated
thoroughly to rule out cranial neuropathy.

As discussed above about bilateral parotid
masses, HIV is a common cause of bilateral lym-
phoepithelial cysts (BLEC). There are multiple
additional effects of HIV upon the salivary
glands. Patients can present with painless diffuse
bilateral glandular swelling, most commonly of
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the parotid. Cystic lesions within the parotid
gland should undergo fine needle aspiration to
confirm a diagnosis of BLEC as opposed to
Kaposi’s sarcoma or lymphoma. BLEC typically
presents early following contraction of
HIV. Additionally, patients presenting with cystic
mass lesions of the parotid should undergo sero-
logic testing for HIV if the diagnosis of BLEC is
confirmed, as its presence is pathognomonic. If a
patient with BLEC develops constitutional symp-
toms such as fever, night sweats, or weight loss
with concurrent rapid enlargement of one or both
parotids, assessment for malignant lymphoma-
tous degeneration should take place urgently.
Additional clinical evidence of malignancy is
characterized by induration, mass fixation, pain,
and facial nerve palsy [22]. In general, parotidec-
tomy is not required for BLEC; needle aspiration
with sclerotherapy can help patient with symp-
toms of pressure and disfigurement and avoid
gland removal [22].

In addition to the focused history of present
illness as described, a thorough otolaryngologic
review of systems is important due to the fre-
quent association of other conditions and find-
ings with salivary gland pathology.

A sample of an otolaryngologic review of sys-
tems by subsite is provided in Table 1.6 for
reference.

Physical Examination

We recommend a complete head and neck exami-
nation and general examination for all new
patients who come to our clinic, including sali-
vary gland disorders. It is remarkable how often
related and unrelated abnormalities are found by
doing so. A physical exam template for items to
be evaluated is shown in Table 1.7.

General Salivary Pathology

A comprehensive head and neck evaluation is
typically performed on all patients with salivary
function issues or masses of the salivary glands.
Specific issues to be addressed are presented in

Table 1.6 Otolaryngologic review of systems by ana-
tomic subsite

Ears Yes or no: hearing loss, tinnitus,
drainage, otalgia, trauma, prior surgery

Eyes Yes or no: vision loss, double vision,
pain with eye movement

Nose Yes or no: congestion, epistaxis,

rhinorrhea, sneezing, prior surgery

Oral cavity Yes or no: nonhealing ulcers,
dysarthria, bleeding, pain, loose teeth,

untreated caries

Oropharynx  Yes or no: referred otalgia, trismus,
throat pain, dysphagia, odynophagia

Nasopharynx  Yes or no: nasal obstruction, unilateral
serous otitis media, neck mass, cranial
nerve palsy

Larynx Yes or no: muffled voice, hoarseness,
sore throat, respiratory distress, noisy
breathing

Neck Yes or no: lumps, tenderness, scars,
swelling, prior surgery

Salivary Yes or no: swelling, foul tastes in the
mouth, xerostomia, pain, prior surgery

Skin Yes or no: history of skin cancer, prior
Mohs surgery, other surgery

Constitutional Yes or no: unintentional weight loss,

fever, chills, night sweats, pauses
during sleep

each of the following subcategories. In an evalu-
ation of a patient presenting with xerostomia,
several characteristic signs of the physical exam
may be noted in Table 1.8. Additionally, see
Fig. 1.2 as an example of a patient xerostomia
and parotid dysfunction secondary to radiation
treatment. The face and neck skin should also be
specifically evaluated for the presence of scars as
patients may forget to report prior surgery given
neurologic comorbidities or fixation on current
issue or having undergone the surgery by differ-
ent specialist such as endocrine or oral surgery as
opposed to otolaryngology or vice versa.

Submandibular Gland-Specific
Examination

The submandibular gland is located in the sub-
mandibular space, which is inferior to the
mylohyoid muscle (superficial lobe, deep lobe is
posterior and superior to mylohyoid), lateral to
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Table 1.7 General head and neck exam for salivary
gland disease

Vitals HR, BP, RR, O, saturation—check at
each clinical encounter

Head Signs of trauma, deformity

Face Scars, deformity, or asymmetry

Eyes Irritation, vision, asymmetry

Ears Tympanic membranes, canals, pinna,
hearing

Nose Nose: septum, evidence of

granulomatous disease

Oral cavity Oral cavity: dentition, gingiva, lips,
buccal mucosa, tongue, floor of the
mouth, palate (look for normal
architecture, edema, erythema,
leukoplakia, ulceration, desquamation,
exudates, scars, nodularity to
palpation), TORI, fissured tongue,
moisture (see also Table 1.9)

Oropharynx  Oropharynx: tonsils, asymmetry, other
lesions

Nasopharynx  Nasopharynx: abnormal lesions,
masses, or drainage

Hypopharynx Hypopharynx: lesions, edema, pooling

Larynx Larynx: vocal cord mobility, lesions,
voice quality

Neck Neck: suppleness, presence of any
edema, masses or tenderness, or scars

Skin Skin: warm, dry, and normal color

Salivary Salivary glands: enlargement of one or

glands more glands, focal masses, size,
number and characteristics, tenderness,
duct orifice (should have free flow of
saliva x 4; scant saliva or abnormal
saliva should be noted)

Lymphatic Lymphatic: any lymphadenopathy

Endocrine Endocrine: thyroid nodules,
tenderness, scars

Neuro Neuro: CN II-XII, focal deficits

Ext/Vasc Ext/Vasc: evidence of systemic
illnesses

Respiratory Any distress, increased work of

breathing

the anterior belly of the digastric muscle, poste-
rior and medial to the body and parasymphysis of
the mandible, and deep to the superficial layer of
deep cervical fascia. Examination of the gland is
performed with bimanual palpation of the floor
of the mouth and skin overlying the level IB
region of the neck. Additionally, Wharton’s duct
is palpated, and the quality and quantity of saliva
are assessed. The papilla is specifically assessed

Table 1.8 Physical exam characteristics of a dry mouth

Characteristics

Application of a mirror to the tongue or buccal mucosa
without the ability to slide—sticking to mucosal
surfaces

No pooling of saliva in the floor of the mouth
Frothy saliva if present

Loss of papilla on the dorsal tongue

Polished or glass-like appearance of the palate
Deep fissures of the dorsal tongue

More than two teeth with caries at the junction of the
root cementum and enamel crown—cervical caries

Sticking of debris to the mucosa of the palate

Fig. 1.2 Left parotid papilla in a patient who underwent
prior radiation therapy; note the dry-appearing oral
mucosa, telangiectasias of the buccal mucosa, and ery-
thema and edema of the papilla itself. Note that there are
also fissured tongue and dental caries

for patency and ability to accommodate dilation
and possible instrumentation. The regional nerves
are assessed for functionality: the lingual nerve,
taste and touch sensation to the anterior two-
thirds of the tongue; the marginal mandibular and
cervical branches of the lower division of the
facial nerve, symmetry of the smile; and hypo-
glossal nerve, motion of the tongue. Additionally,
the facial artery may be palpated as it crosses the
mandible immediately anterior to the masseter
muscle. The functionality of these nerves in con-
junction with the mobility and firmness of a sub-
mandibular mass can give evidence to a benign or
malignant pathology.

Masses of the submandibular gland may be pri-
mary tumors of the gland or metastatic lymph
nodes to level IB of the neck, which also contains
the submandibular gland. Level IB is at significant
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risk for metastases from the following aerodiges-
tive subsites: oral cavity, oropharynx, anterior
nasal cavity, major and minor salivary gland can-
cers, and cutaneous malignancy [23].

Physical examination of the submandibular
gland for sialolithiasis includes assessment of the
papilla and the duct. It is important to note
whether a sialolith within Wharton’s duct in the
floor of mouth is palpable. If so, a more precise
localization of the stone is possible. Generally,
more distal stones are easier to manage; see
Fig. 1.3a for an example of a distal extruding
sialolith from the left submandibular duct and
Fig. 1.3b for an example of a hematoma from a
left submandibular sialolith. Additionally, this
assessment in conjunction with the known course
of the lingual nerve may indicate how challeng-
ing transoral combined approach for excision of

Fig. 1.3 (a) Left
bilateral mandibular tori
that impede transoral
access to the bilateral
Wharton’s ducts. (b)
Left submandibular duct
with a sialolith and
obstructive edema and
erythema; bilateral
smaller tori also noted
but access to the papilla
is still feasible

: "- !
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Fig. 1.4 (a—c) Three patients with submandibular papilla
or duct findings: Left—stone extruding from left subman-

dibular duct deep to the papilla with obstructive findings.
Middle—sialolith in the right Wharton’s duct at the

the sialolith if it is anterior or posterior to the
crossing of the lingual nerve, respectively. This
examination can be made significantly more dif-
ficult by the presence of mandibular tori; see
Fig. 1.3a, b. These benign, typically bilateral,
bony growths on the medial side of the parasym-
physeal mandible can obstruct access to the bilat-
eral Wharton’s ducts.

The presence of mandibular tori or other
abnormalities of the mandible including denti-
tion that is sloped toward the floor of mouth
(Fig. 1.4b) should be considered before any
transoral approach to Wharton’s duct or the sub-
mandibular gland, as access and space will be
limited. Additionally, the anterior floor of the
mouth should be assessed for oro-ductal fistula
or scarring or other forms of trauma to the duct
from stone extrusion or prior manipulation which

papilla with tall sloping dentition, which increases the dif-
ficulty of transoral removal. Right—hematoma and edema
of left submandibular duct due to obstructive sialolith
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Table 1.9 Potential laboratory evaluations for salivary pathology

Infectious

CBC with differential to assess
for severity of infection and
immunologic response

Rheumatologic [30]
Concern for Sjogren’s

syndrome—70% positive anti-SSA,
35% positive anti-SSB, 50-75%

Neoplasm

CBC—assess for white blood cell count
for possible lymphoma or leukemia with or
without cytopenias

positive for rheumatoid factor

CMP—to assess for electrolyte
status prior to interventions or

contrasted radiologic studies  anti-histone

Coagulation studies—prior to

any surgical intervention anti-histone

Concern for SLE—60% positive for
anti-dsDNA, 30-50% positive for

Drug-induced SLE—95% positive for

LDH—patient with salivary mass and neck
lymphadenopathy with a known melanoma
or history of melanoma excision; positive
parotid lymph nodes for cutaneous
melanoma are at least stage 3

Scleroderma—ANA pattern: nucleolar
(diffuse) and centromere (CREST),
30% positive for anti-Scl 70

ESR and CRP—assess for general
level of inflammation of the body

can be caused by sialolithiasis or its treatment
and can sometimes be used for access to the duct
but may also cause difficulties for subsequent
sialendoscopy [24]. Palpable stones can often be
managed simply by a direct approach both in the
proximal and distal duct because they help local-
ize the position of the duct incision. Finally, the
clinician should be very wary of infectious cases
involving the bilateral submandibular spaces.
This presentation, known as Ludwig’s angina, can
quickly lead to respiratory distress as the edema
and inflammation of the bilateral submandibu-
lar spaces will push the tongue posteriorly and
superiorly and obstruct the oropharyngeal airway
[25]. Clinicians should be aware that nodules of
the lip or buccal mucosa may be neoplasms and
that sialoliths do occasionally present in minor
salivary glands as well. Mucoceles are also quite
common (see discussion of ranula above).

Parotid-Specific Examination

Knowledge of the regional anatomy of the parotid
gland is important for the clinician to be able to
understand the consequences of various mass and
inflammatory lesions. The parotid gland has its
own fibrous capsule, which is continuous with
the superficial layer of the deep cervical fascia.
The gland is located in the parotid space which
has the following boundaries: superiorly is the
zygomatic arch, posteriorly is the external ear

canal, laterally is the parapharyngeal space, and
inferiorly is the mandibular ramus. Schematically,
the parotid gland is separated into the deep and
superficial lobe by a plane containing the retro-
mandibular vein and facial nerve. Parotid tissue
can be found medially in the parapharyngeal
space if the parotid moves through the styloman-
dibular tunnel. For benign neoplasms, location of
the tumor may predict feasibility of gland-sparing
surgery. For example, partial superficial paroti-
dectomy may be feasible for tumors isolated to
the tail of the parotid, but similar-sized lesions
located in proximity to the duct may require total
parotidectomy. Lesions in the deep lobe may be
managed with preservation of the superficial
lobe. Following the general examination of the
head and neck, the specific examination of the
parotid gland includes palpation of the gland
itself, overlying skin, as well as the soft tissues of
the neck and bimanual palpation of the buccal
space. Additionally, Stensen’s duct should be pal-
pated for masses and the quality and quantity of
the saliva from the papilla. If even a small amount
of saliva can be seen from the papilla, the duct is
likely to be accessible with sialendoscopy.
Evaluation of sialolithiasis within Stensen’s duct
should focus on the size of sialolith, which is typi-
cally smaller than submandibular stones [26], and
on the location of the sialolith. If the stone is deep
to the masseteric turn, which is a sharp curve,
Stensen’s duct forms as it turns into the buccal
mucosa; the sialolith may be more difficult to
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evaluate and remove [27]. Additionally, patients
with obstructive complaints of the parotid should
be assessed for masseter hypertrophy as this can
cause kinking of Stensen’s duct and acute
obstruction of the gland [28]. Patients who have
undergone radioactive iodine ablation or who
have Sjogren’s syndrome often have ductal ste-
nosis and mucus plugging in addition to xerosto-
mia. This may be bilateral, but often one gland is
most symptomatic, and the parotid glands are
more often affected than the submandibular. For
Sjogren’s syndrome, marked asymmetry should
prompt concern about lymphoma of the parotid
that may arise in these patients. A full assessment
of the facial nerve is also important for consider-
ation of parotid masses as gland preservation will
likely be impossible when the nerve is clinically
involved, and patients should be counseled that
even with facial nerve sacrifice, the prognosis is
adversely affected by nerve involvement [29]. A
thorough examination of the entire scalp, face,
and neck is crucial to identify any potential skin
cancers, which may have regional metastasis to
the parotid. Patients with pain and/or perceived
swelling around the parotid gland may have
pathology of surrounding structures such as the
mandible or dentition so these should be evalu-
ated if the history and physical examination are
not otherwise suggestive of salivary gland
pathology.

Laboratory Studies

The full work-up for individuals presenting with
salivary complaints or masses will often include
laboratory and radiologic testing: see further
chapters in this text for a discussion of radiologic
imaging. The laboratory testing required for each
individual patient is ordered on the basis of many
clinical considerations: patient characteristics
such as comorbidities, frailty, and extent of dis-
ease, as well as category of disease gathered from
clinical history and physical exam — infectious,
rheumatologic, or malignancy. Table 1.9 provides
general guidelines for possible laboratory evalua-
tions in several clinical scenarios. Of note, if
clinic history is suspicious for parotid swelling

due to bulimia nervosa, electrolyte abnormalities
in the form of hypochloremia and hypokalemia
may be found [31].

Conclusion

The examination of a patient with salivary
pathology begins with a thorough clinical his-
tory, which in most cases should establish a
diagnosis. This diagnosis can then be tested
with the physical examination and subsequently
proven with laboratory and radiologic testing.
Given the importance of salivary functioning
in daily life, patients with compromised func-
tioning are quick to present for medical treat-
ment, and they will often be able to provide
in-depth details of their condition. Conversely,
salivary pathology that does not impact func-
tion may take months or years to be noticed
by the patient and brought to the attention of a
medical provider. Most patients have very little
understanding of salivary glands, and patient
education is a part of the evaluation process for
many conditions. The subsequent treatment of
the salivary pathology established via clinical
history and physical exam is highly varied and
in some cases changing rapidly with new tech-
niques. The rapidly evolving domain of gland-
preserving salivary gland management, which
will be reviewed in subsequent chapters in this
text, impacts patients with neoplasms, duct
obstruction, and functional impairment due to
local or systemic diseases. As new treatments
become available, the clinician must update
his or her clinical interviewing methods to
screen for applicability of the latest techniques
in order to provide the best care possible for
the patient.
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Salivary Gland Imaging

Jolie L. Chang

Key Points

1. Ultrasonography offers real-time, cost-effective
images that can characterize salivary gland
tumors, lymphadenopathy, sialolithiasis, and
salivary duct obstruction and dilation. Ultrasound
can further be used to target lesions for fine-
needle aspiration biopsy.

2. Computed tomography is best used to evalu-
ate salivary gland calcifications, bony erosion
from tumors, and acute inflammation with
concern for abscess formation.

3. Magnetic resonance imaging is the superior
imaging modality for evaluating masses and
tumors of the salivary glands due to excellent
soft-tissue contrast and resolution. MRI can pro-
vide information about perineural invasion,
tumor margins, extent of involvement in the para-
pharyngeal space, and lymph node metastasis.

4. Sialography provides detailed visualization of
the main salivary duct and its branches within
the gland parenchyma. Standard sialography
involves cannulation of the major salivary
duct papilla and infusion of contrast material.
MR sialography is a newer technique that
does not require contrast but has poorer spa-
tial resolution.
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5. Typical imaging findings for salivary gland
lesions, tumors, autoimmune disease, sialoli-
thiasis, and stenosis are discussed.

Imaging Modalities
Conventional Radiography

Stones or calculi in the major salivary ducts can
at times be visualized with conventional X-ray
imaging. Attention to obtaining oblique lateral or
occlusal views is required in order to visualize
the region of the salivary ducts away from the
bony facial skeleton. Historically, 80% of sali-
vary calculi are radiopaque [1] on X-ray, and
visualization depends on calcified content and
stone size. CT imaging is more sensitive for
detection and localization of small calcifications
and has largely replaced conventional X-ray
imaging for this purpose [2]. Despite this, routine
dental imaging can uncover incidental calculi in
the submandibular and parotid spaces. Soft-tissue
lesions and tumors in the salivary glands are not
adequately visualized with conventional X-ray.

Ultrasonography (US)
US is a real-time and cost-effective approach for

initial imaging of many salivary gland disorders.
US offers no radiation and provides targeted,
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Fig. 2.1 Ultrasound image of the right parotid gland in
the transverse plane outlines the superficial surface of the
parotid (blue dashed line), the mastoid process (yellow
dashed line), and the ramus of the mandible (green dashed
line). The parotid gland is hyperechoic compared to sur-

two-dimensional images of the head and neck
using high-frequency linear array 7-15 MHz
transducers. On exam, normal salivary glands are
homogeneous and typically hyperechoic com-
pared to surrounding muscle tissue due to higher
fat content within the glands (Fig. 2.1).

Superficial tumors of the major salivary
glands are easily imaged with US. The super-
ficial lobe of the parotid is delineated from the
deep lobe by the location of the facial nerve
and its branches, which cannot be directly
visualized on US. However, the facial nerve
runs with the retromandibular vein. The retro-
mandibular vein can be imaged and represents
a marker for the relative depth and location of
the facial nerve [3] (Fig. 2.1). For submandibu-
lar glands, most of the parenchyma except for
the most superior extent can be evaluated using
US. Salivary tumors on US should be assessed
for size, shape, borders, and internal vascular-
ity and content. Adjacent lymph nodes within
the parotid gland and in the lateral neck can be
assessed for size, shape, and signs of necrosis or
metastasis. US cannot diagnose or definitively
differentiate benign from malignant tumors;
however, US can be used to target needle place-
ment for fine-needle aspiration biopsies of sali-
vary gland lesions.

rounding tissue. The demarcation between superficial and
deep lobes of the parotid is defined by the depth of the
retromandibular vein (white arrow) which is visualized
using Doppler

For evaluation of the salivary duct system, the
course of Stensen’s and Wharton’s ducts can be
examined on US. The main parotid duct exits the
hilum of the gland and courses superficial to the
masseter muscle approximately 1 cm inferior to
the zygomatic arch before piercing the buccina-
tor muscle and entering the oral cavity opposite
the second maxillary molar. An accessory parotid
gland can be found in 20% of patients adjacent to
the duct and projecting over the masseter [4] and
should be examined for lesions. The submandib-
ular duct exits the submandibular gland hilum
and travels around the posterior edge of the mylo-
hyoid muscle into the floor of mouth where it
courses adjacent to the sublingual glands anteri-
orly to the papilla which opens in the anterior
floor of mouth just lateral to the lingual frenulum.
The normal, non-obstructed, salivary duct is not
visible on US.

Obstructive disease from sialolithiasis or duct
stenosis is suspected in patients who report recur-
rent periprandial swelling and pain of the gland.
Intraductal obstruction from salivary duct stones
or stenoses can lead to ductal dilation and allows
the duct to be visualized on US (Fig. 2.2a).
Calcifications in the ducts appear as hyperechoic
smooth lesions with posterior acoustic shadow
(Fig. 2.2b). US has the ability to provide precise,
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Fig. 2.2 Ultrasound of the left anterior cheek (a) demon-
strates a dilated main parotid duct (blue arrowheads) over
the masseter muscle due to distal stenosis at the papilla.
The lack of Doppler flow within the hypoechoic tubular

real-time localization of calculi which can be uti-
lized intraoperatively to target surgical interven-
tions. US has high sensitivity (94%) and
specificity (100%) for detecting salivary calculi
larger than 2 mm; smaller calculi do not routinely
exhibit the posterior acoustic shadows [5].
Bimanual sono-palpation with digital palpation
of the buccal mucosa for parotid ducts or the floor
of mouth mucosa for submandibular ducts can be
performed while applying external pressure with
the ultrasound transducer and allows for visual-
ization of the distal salivary ducts (Fig. 2.3).
When a sialolith is large enough to cause signifi-
cant duct obstruction, proximal duct dilation can
be visualized as a hypoechoic tubular structure
along the course of the salivary duct. The absence
of color flow with Doppler confirms the identifi-
cation of a salivary duct instead of a blood vessel
(Fig. 2.2a). During the exam, patients with steno-
sis or obstruction can be given a sialogogue to
stimulate saliva generation and promote visual-
ization of a dilated duct.

US disadvantages include dependency on oper-
ator experience and technique. Images can be lim-
ited by incomplete visualization of the deep parotid
lobe due to acoustic shadowing by the mandible.
Similarly, pathology in the most anterior section of
the floor of mouth can also be challenging to image.
Large tumors in the parapharyngeal space may
require multi-planar imaging for full assessment.

structure confirms the structure corresponds to a salivary
duct. Ultrasound of the left submandibular gland hilum
(b, SMG) reveals a hyperechoic calculus (white arrow)
with posterior acoustic shadow

Fig. 2.3 Ultrasound of the left anterior submental space
with bimanual sonopalpation with gloved finger in the
anterior floor of mouth (finger) compressing the tissue
against the US probe. A dilated submandibular duct
(arrowheads) can be seen alongside sublingual tissue (SL)

Computed Tomography (CT)

CT is the imaging modality best suited to identify
small calcifications in the salivary duct or gland and
to evaluate for bony erosion from malignant neo-
plasms. Due to speed and accessibility, CT images
are also best for evaluating acute inflammation
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Fig. 2.4 CT scan without contrast (a) with left subman-
dibular calculus at the hilum of the gland (white arrow). A
patient with chronic salivary obstruction (b) from a right
submandibular duct stone (black arrow) has atrophy of the
right submandibular gland and replacement of the space

and infection of the salivary glands for potential
abscess formation. Small calculi are best seen
with non-contrast CT (Fig. 2.4a) and when found
along the course of the parotid or submandibular
ducts can diagnose the source of recurrent gland
inflammation. Calcifications can also be found
within certain tumors such as pleomorphic ade-
noma, Warthin’s tumor, acinic cell carcinoma, and
adenoid cystic carcinoma. Chronic inflammation
and obstruction can lead to atrophy and fatty
replacement of the gland (Fig. 2.4b). For malig-
nant lesions of the salivary glands, CT images
can assess invasion of adjacent bone such as the
temporal bone, mandible, hard palate, and skull
base. Diffuse punctate microcalcifications within
the salivary gland parenchyma typically represent
chronic inflammation that can be from Sjogren’s
syndrome, autoimmune disorders, or tuberculo-
sis. Multiple linear calcifications may represent
phleboliths within vascular malformations associ-
ated with the masseter or parotid gland.
Disadvantages of CT imaging include poor
visualization of the dilated salivary duct and
contraindications for contrast in those with
impaired renal function and history of allergic
reaction to iodine-based contrast. Streak artifacts
from dental fillings can obscure pathology. CT
involves exposure to ionizing radiation; specifi-
cally, the median effective dose for a neck CT

with dark fatty tissue. The left submandibular gland is vis-
ible (white arrowhead), whereas the right gland appears to
be absent although the patient has never had surgical
removal

with contrast is 4 mSv (millisieverts) which is
the equivalent of 55 conventional chest radio-
graphs. The importance and effects of lifetime
radiation exposure are gaining attention and
requires further study [6].

Magnetic Resonance Imaging (MRI)

MRI produces excellent soft-tissue contrast and
resolution and is the superior imaging modality
for evaluating masses and tumors of the salivary
glands. Unlike CT, MRI does not involve ioniz-
ing radiation. Common MR sequences to evalu-
ate the salivary glands include T1 weighted, T2
weighted, and T1 weighted with gadolinium con-
trast and fat-saturation images. MRI can also pro-
vide information about perineural invasion,
tumor margins, extent of involvement in the para-
pharyngeal space, and lymph node metastasis.
MRI offers the best visualization of the facial
nerve which can sometimes be seen traversing
the fat pad near the stylomastoid foramen. The
plane of the nerve within the parotid gland is esti-
mated using the stylomastoid foramen and the
retromandibular vein. MR has limited abilities to
detect calcifications but is superior for demon-
strating tumor margins, perineural tumor spread,
and intracranial invasion [7].
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MRI disadvantages include high cost and lon-
ger scan time required. Patients with certain
metallic implants and pacemakers cannot enter
the scanner, and those with claustrophobia can
have difficulty tolerating the scanner for long
periods of time.

Sialography

Historically, sialography has been the main diag-
nostic method for sialolithasis and salivary
obstruction dating back to 1902 [7]. Sialography
provides visualization of the main salivary duct
and all its branches within the gland parenchyma.
Sialography technique involves cannulation of
Stensen’s or Wharton’s ducts and infusion of
contrast material to outline duct anatomy. In digi-
tal subtraction sialography, an X-ray image is
taken prior to contrast infusion and subtracted
from post-contrast images. A sialogogue is then
administered to promote the gland to empty and
excrete the contrast, and afterward, a post-
excretion scan demonstrates contrast clearance or
retention. Examination of the ducts for filling

defects, strictures, or overall size can aid in diag-
nosis of chronic obstructive symptoms [8].
Sialography is contraindicated in acute inflam-
matory conditions due to the risk for duct injury
and exacerbation of infection. A successful sialo-
gram depends on skilled cannulation of the sali-
vary duct papillae and careful infusion of contrast.
The duct dilation required for contrast applica-
tion has potential therapeutic effects. Sialography
is currently reserved for evaluation of obstructive
and inflammatory conditions as it has limited
abilities to image tumors within the glands.
Disadvantages of conventional sialography
include its invasive nature compared to other
imaging modalities and limitations due to the use
of static X-ray images. In many institutions sia-
lography has been replaced by ultrasound or
multi-planar imaging followed by therapeutic
sialendoscopy. However, in certain cases detailed
anatomy of the duct system is desired. For exam-
ple, sialography can provide evaluation of sali-
vary ducts after sialodochoplasty and assessment
of sialectasis and salivary duct stenosis (Fig. 2.5).
MR sialography is a newer MRI protocol to
image the salivary ducts using heavily T2-weighted

Fig.2.5 A normal left parotid sialogram has smooth duct
contour and visualization of multiple duct branches after
contrast injection (a). In comparison, a left distal parotid
duct stricture (b) is demonstrated with restricted duct size
(*) and proximal duct dilation (white arrow). The intrag-
landular parotid ducts display sialectasis as shown by the

irregular beaded appearance (black arrowheads). The
findings of irregular main duct contour, dilated proximal
ducts, and degeneration in the gland are seen in chronic
sialadenitis from parotid duct stenosis. Sialogram figures
courtesy of Hoffman HT, Iowa head and neck protocols
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imaging protocol that does not require cannulation
of the salivary duct and does not expose patients
to radiation. MR sialography has been demon-
strated to be effective in evaluating calculi and
duct stenoses with limitations for calculi smaller
than 3 mm without dilated ducts [9]. The abilities
of MR sialography to detect duct dilation, calculi,
and stenoses are comparable to US and conven-
tional sialography [9]. However, the spatial reso-
lution of secondary and tertiary branches on MR
sialography is not as clearly visualized as with
conventional sialography. A standard MR sialog-
raphy protocol has not been established and mul-
tiple approaches have been described [10].

Salivary Scintigraphy

Salivary gland scintigraphy is a nuclear medi-
cine study performed to examine salivary gland
function in Sjogren’s syndrome and after exter-
nal beam or radioactive iodine radiation therapy.
Techniques for salivary scintigraphy were devel-
oped to measure salivary gland hypofunction.
Patients are given intravenous " Tc-pertechnetate,
and a gamma camera is used to image the gland
and quantify radioactivity (counts/second).
Afterward, patients are administered a sialogogue
to stimulate salivary excretion, and rate of excre-
tion is measured [11]. Patients with Sjogren’s
syndrome can demonstrate decreased uptake and
decreased excretion of the pertechnetate from the
salivary glands. Radiation treatment such as 1311
for thyroid ablation can also cause functional sali-
vary gland impairment. Overall, guidelines and
consensus on scintigraphy protocols are lacking,
making interpretation and comparison between
institutions and studies challenging.

Imaging of Specific Salivary
Conditions

Salivary Gland Neoplasms

Imaging is used to demonstrate tumor location in
the superficial or deep lobe of the parotid and
determine extraglandular extension, invasion of
surrounding tissues, and nodal metastasis. US

can be used initially to establish location of
superficial lesions and obtain US-guided fine-
needle aspiration biopsy for diagnosis. If the
pathology is non-diagnostic or malignant or more
detailed cross-sectional assessment is desired,
MRI is typically the next step.

Pleomorphic Adenoma

Pleomorphic adenomas are the most common
benign salivary gland tumor. They typically
have smooth borders and rounded appearance
with lobulations on imaging. On US the pleo-
morphic adenoma is typically hypoechoic with
posterior acoustic enhancement. On MRI
lesions display low signal intensity on T1 and
intermediate to high signal intensity on
T2-weighted images and can enhance with gad-
olinium (Fig. 2.6). Lesions can be homoge-
neous or heterogeneous when the larger tumors
have internal cystic changes [4]. Signal inten-
sity can vary with areas of internal hemorrhage
in the tumor. On CT pleomorphic adenomas
appear as smooth, ovoid, enhancing masses,
occasionally with internal calcifications.
Lesions that widen the stylomandibular space
and displace the parapharyngeal fat suggest
involvement of the deep parotid lobe.

Warthin Tumor (Papillary

Cystadenoma Lymphomatosum)

Warthin tumors can occur bilaterally and are
often multifocal in the parotid glands. These
tumors are well-defined lesions that most com-
monly occur in the parotid tail. Lesions can have
both cystic and solid components, occasionally
with septations. On ultrasound the lesions appear
as well-defined masses with multiple anechoic
areas. On MRI, Warthin tumors have intermedi-
ate signal on T1 and intermediate signal intensity
with focal hyperintense areas on T2 images [4].
These lesions can have minimal to no contrast
enhancement and appear heterogeneous due to
multiple internal components.

Malignant Tumors

Common malignant lesions of the salivary
gland include mucoepidermoid carcinoma,
adenoid cystic carcinoma, acinic cell carci-
noma, carcinoma ex pleomorphic adenoma,
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Fig. 2.6 MR images from the same patient with pleo-
morphic adenoma show a left parotid lesion (arrows) with
low signal intensity on T1-weighted axial image (a), well-

circumscribed high signal intensity on T2-weighted axial
image (b), and heterogeneous enhancement with contrast
on T1 coronal image with contrast and fat saturation (c)

Fig. 2.7 TIl-weighted MR images show right intrapa-
rotid lesion (a) of low intensity and surrounding contrast
enhancement (arrow) in a patient with metastatic squa-
mous cell carcinoma. A left parotid adenocarcinoma

salivary duct carcinoma, metastatic squamous
cell carcinoma or melanoma, and non-Hodg-
kin’s lymphoma. Low-grade tumors can be
hard to distinguish from benign tumors since
both present as well-circumscribed lesions.
Features that suggest high-grade or aggressive
malignancies include ill-defined masses with
invasive features and metastatic lymphadenop-
athy (Fig. 2.7). On MRI high-grade lesions with
more cellularity can be represented with low
signal intensity on both T1- and T2-weighted

(b, arrow) has irregular borders and bright contrast
enhancement and demonstrates involvement of the super-
ficial and deep parotid lobes

sequences. Replacement of the fat in the sty-
lomastoid foramen or enhancement of the
mastoid segment of the facial nerve suggests
perineural invasion. Large deep-lobe tumors
can exhibit extension along the auriculotem-
poral nerve up to the foramen ovale (V3). CT
imaging can aid in assessing the extent of skull
base and mandible bony invasion. Multifocal
disease is suggestive of parotid nodal metas-
tases from the face, scalp, or ear skin, or lym-
phoma. Metastatic disease and lymphoma can
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present in the parotid gland due to the presence
of intraglandular parotid lymph nodes that
are not found in submandibular or sublingual
glands. Further evaluation with PET nuclear
medicine studies can be considered in cases
with suspected metastases.

Lymphoepithelial Cysts

Lymphoepithelial cysts appear as multiple
mixed cystic and solid lesions usually in the
parotid gland. Lesions are well-circumscribed,
hypodense cysts on CT. On MRI lesions have
low signal intensity on T1 and hyperintensity on
T2-weighted images. Solid lesions can enhance
with contrast or appear heterogeneous. On US
lesions can appear as simple cysts or as mixed
masses with solid components. Cysts can have
thin septations and 40% have mural nodules [4].
Active HIV disease is associated with lympho-
epithelial cyst formation and additionally can
present with tissue hypertrophy of the palatine
tonsils, lingual tonsils, and adenoids.

Salivary Gland Inflammation
and Obstruction

Acute Inflammation

Acute sialadenitis is defined by acute swelling
and pain over a major salivary gland. Bacterial
sialadenitis is typically unilateral and presents
with diffuse inflammation of the gland and over-
lying soft tissues. Viral sialadenitis can com-
monly involve bilateral parotid glands. Imaging
with contrast-enhanced CT or US can be done to
evaluate for infectious sequelac such as
abscesses. CT imaging will demonstrate an
enlarged gland with inflammatory stranding in
the overlying soft tissues and strong enhance-
ment with contrast (Fig. 2.8). Abscesses, if pres-
ent, will appear as rim-enhancing lesions with
internal decreased intensity. Abscess size, loca-
tion, and extent on imaging can help define need
for further intervention. On US the infected
gland appears hypoechoic and heterogeneous.
Focal hypoechoic collections suggest abscess

Fig. 2.8 CT scan with right acute parotid sialadenitis (a)
with enlargement of the gland and a small rim-enhancing
hypointense collection indicating an early abscess (arrow-
head). The left parotid shows heterogeneous fatty replace-

ment consistent with chronic immune-mediated
inflammation from Sjogren’s syndrome. Right acute
parotid inflammation with obstruction from two parotid
duct stones (b, arrows)
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formation, and US guidance may be used for
aspiration. Evaluation for calculi that may have
caused salivary flow obstruction can be done
with CT or US; however, acute inflammation
and pain may limit a full US exam requiring a
repeat study once the acute infection has been
managed.

Sialolithiasis

Salivary duct calculi present more commonly in
the submandibular gland system (80%) com-
pared to the parotid gland (20%). The subman-
dibular gland produces relatively more viscous
saliva with higher concentration of hydroxyapa-
tites and phosphates [1]. Wharton’s duct also
has a narrower papilla, and the duct location and
ascent from the inferiorly positioned gland to
the papilla in the anterior floor of mouth are
more conducive to saliva retention and stasis.
The most common site for Wharton’s duct stone
formation and impaction, seen in 53% of cases,
is in the proximal duct near the hilum of the
gland where the duct bends around the posterior
border of the mylohyoid, sometimes referred to
as the “comma” region of the duct. Other sub-
mandibular calculi are located in the mid-por-
tion of the duct and near the papilla in the
anterior floor of mouth (37%). Parotid duct cal-
culi are most commonly found in the distal main
Stensen’s duct compared to the hilum of the
gland [12].

Salivary duct calcifications can almost always
be visualized with a fine-cut CT scan without
contrast. If contrast is used for other purposes,
the image should be windowed appropriately to
visualize calcified tissue. Images should be care-
fully reviewed to examine the entire course of the
submandibular and parotid ducts. Calculi near
the anterior floor of mouth can be missed upon
initial review especially in the setting of acute
sialadenitis and infection (Fig. 2.9). Alternatively,
calcifications within other tissues such as the ton-
sils can also be confused for salivary stones. US
can detect most calculi larger than 2 mm. Smaller
calcifications fail to exhibit posterior acoustic
shadows. Bimanual sono-palpation helps with
visualization of the most distal portions of the
parotid and submandibular ducts. MRI and MR

Fig. 2.9 CT scan without contrast demonstrates a small
calcification (black arrowhead) in the right anterior floor
of mouth that was missed on the formal radiographic
report. Evaluation of the full course of the submandibular
gland and duct is necessary to evaluate for sialolithiasis

Fig.2.10 T2-weighted MRI scan allows visualization of
salivary stasis within a dilated left parotid duct (arrow-
heads). The distal portion of the duct is obstructed with a
salivary stone (arrow) that can be seen when surrounding
by the hyperintense saliva within the duct

sialography depend on visualization of the sali-
vary ducts on T2-weighted or contrast-enhanced
images. Sialoliths are then detected by the pres-
ence of a flow void inside the duct (Fig. 2.10).
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The location of a calculus on imaging helps
with surgical planning and preoperative coun-
seling. Parotid duct calculi located in the proxi-
mal gland posterior to the masseter muscle are
difficult to visualize on sialendoscopy, and
many of these patients may require a combined
approach with transfacial incision for manage-
ment of calculi in this location. Calculi found
near the parotid papilla distal to the anterior
masseter border can be managed with endo-
scopic techniques or through transoral sialodo-
chotomy for removal through a small incision in
the buccal mucosa [2].

Chronic Sialadenitis from Autoimmune
and Granulomatous Disease

The most common autoimmune disease to
affect the salivary glands is Sjogren’s syndrome.
Sjogren’s syndrome causes destruction of sali-
vary gland parenchyma. Imaging can reveal
bilateral and multiple cystic and solid lesions,
making the parenchyma appear heterogeneous
(Fig. 2.11a). Cystic degeneration reflects tissue
destruction and solid masses represent lympho-
cyte aggregates. The glands can also display
abnormally increased fat deposition and multiple
punctate calcifications [13]. US will demonstrate
bilateral parotids that appear heterogeneous
with hypoechoic lesions and prominent intra-
parotid lymph nodes. CT imaging can reveal
multiple punctate calcifications within the gland
that should not be confused with larger salivary
duct sialoliths (Fig. 2.11b). MR imaging dis-

plays diffuse high-intensity T2 foci within the
gland. Sialography is sensitive to diagnosis of
Sjogren’s syndrome displaying punctate sialecta-
sis (Fig. 2.11c¢) progressing to globular and cavi-
tary parotid duct changes with more advanced
disease [13]. Risk for malignant transformation
to non-Hodgkin’s lymphoma in the gland is 16-
to 40-fold higher in patients with Sjogren’s syn-
drome so annual monitoring is recommended
and can be done with ultrasound. The 2002
American-European Consensus Group classifi-
cation criteria for Sjogren’s syndrome describes
the use of three possible measures of salivary
gland hypofunction: (1) unstimulated whole
salivary flow (<1.5 ml in 15 min); (2) parotid
sialography showing diffuse sialectasis; or (3)
salivary scintigraphy showing delayed uptake,
reduced concentration, and/or delayed excretion
of tracer [14]. Since then the use of ultrasound
to examine for signs of salivary gland degenera-
tion is as effective as sialography in differentiat-
ing between patients with and without Sjogren’s
syndrome [15]. The current American College
of Rheumatology classification for Sjogren’s
syndrome includes three objective measures for
diagnosis using (1) lymphocytic infiltrates in lip
biopsy specimens, (2) serum testing for anti-SSA
and/or SSB antibodies or ANA and RF, and (3)
ocular staining test. The use of US as an alterna-
tive third ACR classification item yielded similar
sensitivity and specificity to the original classifi-
cation suggesting that US may useful in place of
other more invasive tests [16].

Fig.2.11 Chronic sialadenitis from Sjogren’s syndrome
manifests with parotid degeneration: heterogeneous
parenchyma with multiple hypoechoic areas on US (a),
multiple punctate calcifications with the gland (b), and

dilated acini with ductal strictures that appear as multiple
areas of contrast collection on sialography (c). Sialogram
figure courtesy of Hoffman HT, Iowa Head and Neck
Protocols
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Fig. 2.12 Ultrasound
image of the right
submandibular gland in
a patient with IgG4-
related sialadenitis with
enlarged and firm
bilateral submandibular
glands. The gland
demonstrates
heterogeneity,
enlargement, and
hypervascularity. No
tumor or lesions were
found within the gland,
and the patient was
treated with an oral
steroid regimen

Other  chronic  immune-mediated and
granulomatous diseases can mimic the gland
heterogeneity seen in Sjogren’s syndrome: sar-
coidosis, HIV infection, lymphoma, juvenile
recurrent parotitis, and IgG4-related sialad-
enitis (formerly Mikulicz’s disease or Kuttner’s
tumor) (Fig. 2.12). Clinical differentiation with
symptoms and laboratory testing is still neces-
sary to distinguish between these disease entities.

Stenosis
Salivary duct stenosis can be demonstrated on
US as dilated salivary ducts without intraductal
obstructive calculi. A dilated main parotid duct
can be visualized in the transverse plane run-
ning over the masseter muscle (Fig. 2.2a).
Stenosis can be idiopathic or associated with
immune-mediated salivary disease, prior radio-
active iodine treatment, trauma, or mechanical
obstruction from masseter hypertrophy with
kinking of the parotid duct. Longstanding focal
stenoses of the papilla can lead to significant
salivary duct dilation (Fig. 2.2a). Sialography
can also demonstrate the location and length of
stenoses (Fig. 2.5). Distal duct stenosis can be
dilated using progressive dilators or sialendos-
copy. Intraoperative ultrasound guidance can
confirm instrument placement within the sali-
vary duct [17].

Chronic sialadenitis from long-term stenotic
obstruction or autoimmune disease leads to
changes in the gland parenchyma. The gland tissue

becomes heterogeneous with scattered hypoechoic
areas that represent degenerative salivary tissue,
lymphoid tissue infiltration, and dilated salivary
ducts [3]. Multiple microcalcifications within the
parenchyma of the gland also represent this inflam-
matory process and should not be confused for
intraductal calculi (Fig. 2.11b). End-stage inflam-
matory or post-radiation disease produces an atro-
phic gland with minimal salivary output.
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Salivary Fine Needle
Aspiration Biopsy

William R. Ryan, A. Sean Alemi,
and Annemieke van Zante

Key Points

1. Salivary surgeons must be aware of the bene-
fits and limitations of fine needle aspiration
(FNA) in the diagnosis of salivary pathology.

2. Immediate assessment of FNA adequacy and
quality by an experienced cytopathologist
may reduce the time to diagnosis.

3. FNA with ultrasound guidance may improve
specimen adequacy and diagnostic yield.

Impact of Salivary FNA

Information obtained from FINA can directly influ-
ence management of salivary masses. One study
calculated a degree of impact of cytologic diagnosis
as changing management at least 35% of the time
[1]. FNA can help guide clinicians to avoid surgery
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for conditions, such as lymphoma or inflammatory
lesions, and implement conservative observational
approaches for certain benign tumors (particu-
larly in the following situations: frail patients at a
higher risk for complications with surgery under
a general anesthetic, some asymptomatic patients,
and patients hesitant to undergo surgery). FNA
cytology can contribute a specific or differential
diagnosis allowing appropriate preoperative coun-
seling regarding the extent of resection, facial nerve
management, the need for neck dissection, and the
degree of urgency. Preoperative cytologic diagno-
sis can also mentally prepare a patient for the final
diagnosis based on surgical pathology, particularly
when malignant.

FNA Technique

A cytopathologist, surgeon, or radiologist may
perform FNA depending on the clinical situation
and institutional policy. Identification of the tar-
get is essential to successful aspiration. Non-
palpable, ill-defined, or deep lesions are best
aspirated under ultrasound or CT (computerized
tomography) guidance. Superficial nodules are
best done by palpation or ultrasound guidance.
Parapharyngeal or some deep lobe parotid
lesions, when not easily visualized or palpable
trans-orally, are best targeted with computed
tomography (CT) scan guidance.
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Equipment

23- or 25-gauge needles

10 cc syringes

Aspirating gun or syringe holder

1% lidocaine

Alcohol swabs

Glass slides

95% methanol in Coplin jars

Gauze

Adhesive bandages

Ultrasound transducer and machine

If evaluation of the specimen is planned:
0.5% toluidine blue or Diff-Quik stains
Microscope

FNA Procedural Steps

1.

10.

Prepare local anesthetic and a 25- or
23-guage needle on a 10 cc syringe attached
to a syringe holder.

. In cases of palpable and superficial lesions,

immobilize the nodule between the fingers.

. Clean the skin with an alcohol swab.
. Apply local anesthetic along the intended nee-

dle path. Do not inject the target lesion as this
diminishes yield and results in cellular artifact.

. Insert the biopsy needle through the skin into

the nodule and then apply gentle suction
(1-2 cc). Excessive suction can result in
hemodilution and diminished cellularity.

. Maintain suction, while the needle trans-

verses the long axis of the nodule approxi-
mately ten times or until a trace of blood is
detected in the needle hub.

. Release suction and then withdraw the nee-

dle from the nodule and overlying skin.

. An assistant (or the patient) should apply

direct, firm pressure to the site.

. Remove the needle from the syringe, aspirate

5 cc of air into the syringe, then reattach the
needle, and expel the material onto glass slide(s).
Immediately smear slides and drop into alco-
hol fixative (for Papanicolaou stain) or allow
to air-dry (for Diff-Quik stain). Only a small
droplet should be applied to each slide, and
care should be taken to apply consistent
pressure to distribute the material evenly.

FNA technique should be rehearsed so that a
sample can be expediently obtained, smeared,
and fixed. Clotted specimens and/or thick smears
can limit visualization of otherwise cellular aspi-
rates. Fresh beef or chicken liver can be utilized
to practice biopsy and smear techniques.
Targeting nodules under ultrasound guidance
should be rehearsed with an ultrasound phantom
containing targets of various size and contour.

Immediate Assessment

Immediate microscopic assessment of FNA sam-
ples at the bedside is invaluable to ascertain
whether the sample is sufficiently cellular for a
diagnosis to be rendered. Evaluation can be per-
formed on alcohol-fixed slides using toluidine
blue (a temporary dye) or on air-dried slides
stained with Diff-Quik. If the specimen is inade-
quate, the procedure should be repeated. When
sampled appropriately, less than 10% of FNA
specimens are insufficient for diagnosis. A recent
publication of ultrasound-guided FNA for head
and neck masses, including thyroid nodules, sali-
vary gland masses, and lymph nodes, provides
excellent tips as a practice guide [2]. In this study,
617 cases were reviewed, and only 6.1% of sam-
ples were insufficient for diagnosis. Samples are
more likely to be nondiagnostic if the lesion is
entirely cystic or if rim calcification is present.
Dense, fibrous lesions generally yield scant mate-
rial, and highly vascular targets can result in sig-
nificant hemodilution of the sample. Overall,
specimen quality increases in association with the
experience of the clinician performing the biopsy,
with a threshold of approximately 100 procedures
[2]. The feedback from immediate assessment can
result in improved biopsy technique and appropri-
ate triage of the specimen for adjunctive studies.

Specimen Triage

If necessary, a formalin-fixed sample can be
prepared by gently rinsing the contents of the
needle and hub into a small volume of formalin
with a syringe. Centrifugation of formalin-fixed
material results in a “cell block” which can be



3 Salivary Fine Needle Aspiration Biopsy

29

paraffin embedded. This type of preparation
should be processed identically to a small
punch or incisional biopsy and allows for spe-
cial studies such as immunohistochemistry or
fluorescence in situ hybridization (FISH) to be
performed [3]. Labs have different methods of
cell block processing. Careful attention to cel-
lular yield, specimen preservation, and section-
ing helps in achieve optimal histologic
specimens. If lymphoma is suspected based on
the clinical presentation and/or immediate
assessment, a sample should be submitted for
flow cytometric immunophenotyping. This
study primarily provides information regarding
the cell surface markers on lymphoid cells and
can establish monoclonality, a finding that sup-
ports the diagnosis of hematologic malignancy.
Specimens intended for flow cytometry should
be held at room temperature in fresh cell cul-
ture medium. Samples for parathyroid hor-
mone, thyroglobulin testing, or molecular
studies require special handling, and instruc-
tions should be obtained from the clinical lab
prior to the biopsy procedure.

Surgeon-Performed FNA

Surgeon-performed fine needle aspiration biopsy
with or without ultrasound (US) guidance is cer-
tainly possible and can be particularly convenient
for the patient. Separately scheduled biopsy pro-
cedures require additional communication and
transportation and have the potential for delay in
diagnosis and treatment. Surgeon-performed
biopsy eliminates the possibility of miscommuni-
cation regarding the target(s) for biopsy.
Collaboration between a surgeon who performs
FNA and the cytopathologist who assesses for
specimen adequacy can result in a preliminary/
working diagnosis and expedite evaluation and
treatment planning. Importantly, pathologists
have variable training and experience in provid-
ing support in the clinical setting. At some insti-
tutions, cytotechnologists (technologists trained
in interpretation of cytologic samples) are
deployed to provide support, including specimen
preparation, rapid interpretation, and triage. At
some medical centers (including the authors’

institution), cytopathologists are available to visit
the surgeon’s clinic and perform FNA biopsies.
This practice has many advantages, including
patient convenience, the opportunity for immedi-
ate communication of preliminary results, and
frees up the surgeons to continue work in clinic
with other patients, while the procedure is being
performed.

Ultrasound-Guided FNA

Ultrasound-guided FNA (USGFNA) is impor-
tant for non-palpable, ill-defined, or deep nod-
ules. With appropriate training, many structures
in the head and neck can be visualized in a safe
and convenient manner utilizing clinical
US. US guidance, particularly for the subman-
dibular and parotid glands, may increase accu-
racy [4-6]. FNA of lesions of the sublingual
gland and minor salivary glands are not likely
to require ultrasound guidance, given that they
are frequently accessible via a trans-oral
approach.

Depending on the level of training and
availability of experienced surgeons, cytopa-
thologists, and radiologists at a particular
institution, the optimal practitioner perform-
ing FNA and/or USGFNA may vary. Surgeon-
performed ultrasound is popular in Europe and
is gaining popularity in the United States.
Similarly, surgeon-performed USGFNA pro-
cedures are becoming routine. One principle
advantage of surgeon-performed USGFNA is
the ability to correlate history and physical
examination findings with US images and, in
the optimal setting, preliminary cytology
results within a single office visit. Other
advantages of surgeon-performed biopsies
include convenience to the patient, less poten-
tial for lapse in communication, and expedited
workup. In many clinical settings, trained
cytopathologists and/or radiologists are not
immediately available to perform FNA; thus
surgeons have the opportunity to gain exper-
tise in US imaging and biopsy. Additionally,
ultrasound-guided FNA can be useful in sam-
pling some palpable lesions and can contribute
to a higher diagnostic rate when compared to
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standard palpation techniques alone [7].
However, these advantages need to be weighed
against the need for additional training and
continual practice to maintain expertise, as
well as the potential impact on the surgeon’s
efficiency in the clinic.

CT-Guided FNA

CT-guided FNA is sometimes necessary for tar-
geting salivary lesions arising from the deep
lobe of the parotid gland and occupying the par-
apharyngeal space. Tumors arising from submu-
cosal minor salivary glands along the upper
aerodigestive tract may not be accessible trans-
orally nor visible by ultrasound. Interventional
radiologists typically perform CT-guided FNA
after cross-sectional imaging is obtained. These
procedures require significant time and
resources and are, in general, performed under
conscious sedation in addition to local anesthe-
sia. The procedure for CT-guided FNA is simi-
lar to palpation-guided procedures; however a
guiding needle may be placed and multiple
specimens obtained through this “coaxial” sys-
tem. Patients undergo repeated CT imaging in
order to guide the radiologist and confirm the
site for biopsy. Given the expense of CT-guided
procedures, rapid microscopic interpretation for
adequacy by a cytotechnologist or cytopatholo-
gist is highly recommended.

Patient Perspective of FNA

Because of the smaller gauge needle, many
patients prefer FNA instead of core needle
biopsy or an incisional biopsy. The likelihood
of significant hematoma or infectious compli-
cations is dramatically less with a fine needle
when compared with more invasive procedures.
An additional benefit to the patient is the option
for a biopsy during the same office visit as their
surgical consultation. If a system is in place
where a cytopathologist can expedite review
of the sample, the clinician can counsel the
patient on management options during the ini-
tial consultation.

Benefits of FNA Versus Surgical
Biopsy

While FNA lacks the tissue architecture offered
by larger core needle or open biopsies, the high
diagnostic accuracy and increased patient toler-
ance make FNA the diagnostic procedure of
choice for salivary gland neoplasms. Moreover,
the risk for seeding the tumor into the needle tract
or tissue distortion due to biopsy site changes is
minimized with smaller bore needles > 20 gauge.
In addition, FNA is unlikely to result in bleeding
thereby making it unnecessary to stop anticoagu-
lant medications. Though there are very few con-
traindications to FNA, in some cases incisional or
excisional biopsies should be favored when con-
sidering the risks and the suspected pathologic
process. Examples of neoplasms which can result
in a falsely reassuring FNA results include lipo-
matous lesions that are concerning for liposar-
coma, some T-cell lymphomas, and unusual
histiocytic tumors such as Rosai-Dorfman.
Sometimes an FNA will not be diagnostic or show
benign cellular elements when other studies sug-
gest a neoplastic process. In these cases, a more
substantial sample is required prior to definitive
therapy. However, in some cases, even a scant
FNA sample is informative and can support con-
servative management. For example, a schwan-
noma is a benign nerve sheath tumor which
typically yields very scant material on FNA. A
sample containing a few, bland, spindled cells
consistent with nerve sheath elements can, in the
appropriate clinical setting, safely be followed
when correlated with a benign clinical examina-
tion and appropriate imaging such as MRI.

Fine Needle Aspiration
Versus Frozen Section

Although frozen section has limitations, it allows
assessment of larger tissue samples and can demon-
strate histologic features (i.e., invasion) that can sup-
port the diagnosis of malignancy in some cases
where cytologic analysis cannot. One study reviewed
220 cases of parotid gland FNA and compared
results of FNA biopsy with frozen section histology
in 57 of those cases. Sensitivity, specificity, and
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accuracy for FNA were found to be 86%, 92%, and
90%, respectively. In comparison, the sensitivity,
specificity, and accuracy of the frozen sections were
77%, 100%, and 88%. In this study, frozen sections
changed four FNA diagnoses from malignant to
benign and clarified the diagnosis in 5 of 12 cases
where FNA was nondiagnostic [8]. Thus, depending
on the practice setting, FNA can be more sensitive,
while frozen section can be more specific. Where
both high-quality cytopathology and frozen section
services are available, the two techniques are
complementary.

Complications of FNA

FNA is generally considered to be safe; compli-
cations are extremely rare. Patients should be
advised of these risks during the informed con-
sent process prior to the procedure.

Inadequate Sampling

Inadequate sampling is biggest source of diag-
nostic error in cytopathology [9]. Rapid assess-
ment can reduce the number of insufficient
samples, but in the absence of immediate evalua-
tion, nondiagnostic procedures or false-negative
specimens should be expected. If the cytologic
diagnosis is not in accord with the imaging find-
ings or clinical impression, further evaluation
should be pursued with consideration of repeat
fine needle, core biopsy, or an excisional biopsy.

Anxiety and Discomfort

Most patients benefit from a clear explanation of
the FNA procedure and the application of local
anesthesia along the needle tract. Given that
anesthetic should not be injected into the target
lesion, many patients will have sharp, transient
pain during and, in some cases, immediately after
the biopsy procedure. Patients should be informed
that some discomfort is expected but is of limited
duration. Significant radiating pain can be associ-
ated with biopsy of a benign or malignant nerve
sheath tumor or in cases of a malignancy with

perineural invasion; the patient’s report of signifi-
cant radiating or lasting discomfort in these cases
can be diagnostically informative.

Local Hemorrhage/Hematoma

Although bleeding at the insertion site and tract
of the needle is certainly possible given the vas-
cularity of the regions surrounding the salivary
glands, this is unlikely to be a clinically signifi-
cant or a common problem. Applying firm pres-
sure in the site immediately after the biopsy can
prevent and reduce hemorrhage and hematoma
formation. A higher risk of hemorrhage or hema-
toma exists for patients on anticoagulant medica-
tions. In such patients, superficial nodules may
be aspirated with minimal risk. For deeper nod-
ules, or lesions in close proximity to larger cali-
ber blood vessels, stopping anticoagulants prior
to the procedure should be considered.

Infection

Infection from FNA biopsy is extremely rare and
is closely correlated with the patient’s immune
status. The risk is equivalent to that of phlebot-
omy. The skin should be cleaned with an alcohol
swab prior to biopsy, and sterile technique should
be maintained during the procedure.

Syncope

Some patients are susceptible to vasovagal reac-
tions to needle insertion. Performing aspiration
while the patient is lying down or, at a minimum,
sitting may help prevent this complication. All
patients should be observed for several minutes
prior to discharge from the clinical setting.

Needle Tract Contamination
by Malignant Cells

Numerous studies indicate that needle tract con-
tamination by malignant cells is a very rare com-
plication with thousands of fine needle aspirations
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performed worldwide yearly. A study of salivary
gland adenomas found tumor cells along the nee-
dle track immediately following aspiration with a
22-gauge needle, but this was not shown to
increase tumor recurrence at 5-year follow-up
[10]. Theoretically, a risk of dissemination of dis-
lodged neoplastic cells into lymphatics and blood
vessels exists: this risk appears to be lower in
FNA than with incisional biopsy. There was no
seeding risk found in a study of 94 resected
masses based on histopathologic assessment of
specimens [11].

Fibrosis and Biopsy Site Changes

Despite being a relatively small needle, minor
trauma caused by FNA can result in fibrosis or
scarring around important structures, particularly
around the facial nerve. This can create manual
and visual difficulties during subsequent surgi-
cal dissection in the area. Furthermore, tumor
infarction, displacement of neoplastic cells, and
fibrosis can complicate pathologic assessment
after FNA biopsy is performed preoperatively.
Pathologists must take the history of biopsy into
account when assessing invasiveness. Biopsy site
changes can be erroneously interpreted as capsu-
lar invasion of a neoplasm or extranodal exten-
sion of a metastatic tumor. Thus, the history of
prior biopsy should be conveyed to the surgical
pathologist when a specimen is submitted.

Diagnostic Accuracy

There are many different patterns of inflamma-
tory disease and dozens of benign and malignant
salivary gland neoplasms. Furthermore, many of
these conditions are very rare. Studies have dem-
onstrated that the sensitivity of FNA for salivary
gland neoplasia ranges from 80 to 100% while
the specificity ranges from 90% to 100% [8, 12,
13]. In high-volume academic centers, salivary
FNA has a positive predictive value of 80-98%
[14-18] and can correctly differentiate between
malignant and benign tumors 81-98% of the time
[8]. These accuracy values are higher for benign

neoplasms compared to malignancies [19, 20].
Higher accuracy is associated with more experi-
enced cytopathologists, higher volume of speci-
mens, and academic institutions compared to
community practice settings [21, 22]. The level
of expertise should be taken into account by the
clinician when managing salivary pathology.
Ultimately, inadequate sampling is biggest source
of error [9]. Even with appropriate sampling,
some patients may require excision for definitive
diagnosis.

Possible Sources of Error in Salivary
Gland FNA

Sampling Error

As previously mentioned, an insufficient sample
is the most common error in salivary gland FNA.
Direct communication between the surgeon (or
clinician) and the cytopathologist to confirm the
location of the proposed target can minimize
such errors. Proper immobilization of the lesion
additionally helps reduce under-sampling.

Interpretation Error

Errors in interpretation are inversely related to
the experience of the cytopathologist; high-
volume centers with more experienced patholo-
gists will be less predisposed to such errors.
Clinicians should consider requesting consulta-
tion with a cytopathologist with salivary exper-
tise when the cytologic diagnosis is vague or at
odds with the clinical presentation and the speci-
men is otherwise adequate.

Bias

The clinical setting can inform the cytologic diag-
nosis; thus it is advantageous for the same cytopa-
thologist to perform the biopsy and interpret the
specimen. However, pathologists can be biased
based on past experience, the clinical picture, and/
or the clinician’s opinion. These factors can
potentially lead to errors in diagnosis [23].

Technical Problems
Delay in fixation of smears can lead to air-dry-
ing artifact, one of the most common technical



3 Salivary Fine Needle Aspiration Biopsy

33

Table 3.1 Common diagnostic considerations in FNA of salivary gland

Benign neoplasms

Pleomorphic adenoma Mucoepidermoid
carcinoma

Warthin tumor Adenoid cystic Sarcoidosis
carcinoma

Basal cell adenoma Basal cell Lymphoma
adenocarcinoma

Myoepithelioma Salivary duct
carcinoma or melanoma)

problems in cytopathology. In addition, smears
can be obscured by peripheral blood, fibrin
stands/clot, inflammation, or ultrasound gel. Poor
stain quality can limit cellular detail. These fac-
tors can result in false-positive or false-negative
diagnoses.

Diagnostic Categories

There are five broad categories in salivary gland
disease identified in cytologic specimens: nor-
mal, inflammatory/cystic masses, intraparotid
lymphadenopathy, benign neoplasms, and malig-
nant neoplasms. See Table 3.1 for common diag-
nostic considerations in FNA of salivary gland.

Normal Salivary Tissue

Given that a biopsy needle often traverses nor-
mal gland, normal salivary tissue can often be
found even in abnormal samples (abnormal and
normal tissue are mixed). Missing the target with
the needle will also result in the finding of nor-
mal salivary elements. In lesions such as sialosis,
hamartoma, or even lipoadenoma, samples con-
tain only normal/expected tissues. Aspiration of
a benign gland results in acinar and ductal cells
admixed with adipose tissue. Normal lymphoid
tissue is obtained when lymph nodes in or adja-
cent to the gland are aspirated. Serous and/or
mucinous type acinar cells are found in various
proportions with the parotid gland showing pre-
dominantly serous type, the submandibular
gland showing serous and mucinous types, and
mostly mucinous type in the minor salivary

Malignant neoplasms Lymphadenopathies
Reactive lymph node

Metastasis (carcinoma

Inflammatory

conditions Cystic lesions

Acute sialadenitis ~ Branchial cleft cyst
Chronic sialadenitis Lymphoepithelial cyst

Sjogren’s syndrome Mucous retention cyst

IgG4-related
sialadenitis

Cystic metastasis

glands. Acinar cells are extremely delicate with
pyramidal shape, granular or pale mucinous
cytoplasm, and compact, round nuclei. Intact
serous acinar cells are usually cohesive and
found in grape-like clusters. Ductal cells have
cuboidal or columnar shape with relatively dense
cytoplasm and usually form tubules or honey-
comb-like flat sheets. Adipose tissue generally
consists of large lipid-filled cells with small,
round, peripheral nuclei.

Inflammatory Conditions

Acute sialadenitis is typically a clinical diagnosis,
and FNA is not generally indicated for patients
with the expected clinical presentation. If frank
pus is aspirated or immediate assessment of an
FNA sample demonstrates abundant neutrophils
and necrotic debris, material should be submit-
ted for microbiologic cultures. Similarly, patients
presenting with classic signs/symptoms of
chronic sialadenitis do not require FNA. However
some cases of focal duct obstruction or subman-
dibular ptosis can mimic a neoplasm. Fine needle
aspiration typically yields a heterogeneous popu-
lation of lymphocytes admixed with scant atro-
phic ducts. Granular mineralized debris can be
seen in cases of obstruction by sialolith(s). When
abundant chronic inflammation and normal acini
are lacking, FNA samples of chronic sialadeni-
tis containing atrophic ductal epithelium can be
misinterpreted as representing a “basal cell neo-
plasm.” This is a known pitfall, but distinguishing
benign atrophic ductal epithelium and neoplastic
epithelium can be challenging, especially in the
setting of prior radiation.
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Both autoimmune sialadenitis and IgG4-
related sialadenitis demonstrate cytologic fea-
tures that overlap with non-specific/obstructive
sialadenitis. Autoimmune etiology and a diag-
nosis of Sjogren’s syndrome can be supported
by incisional biopsy of labial salivary glands
and appropriate serologic studies. The diagnos-
tic features of IgG4-related disease have been
established for histologic specimens and include
a lymphoplasmacytic infiltrate with numerous
IgG4+ plasma cells, storiform fibrosis, and
obliterative phlebitis. Fibrosis and phlebitis are
not evaluable in FNA specimens. Thus, if this
diagnosis is a consideration, most clinicians
would consider incisional biopsy. FNA criteria
for IgG4-related disease have not been estab-
lished; however if FNA biopsy is undertaken, a
cell block should be prepared and immunostain-
ing for IgG4+ plasma cells performed. Serum
IgG4 is also frequently elevated in this condi-
tion and can be supportive and should be con-
sidered especially if there is evidence of
multi-gland (e.g., liver, gallbladder, pancreas)
involvement.

Cystic Lesions

Significant overlap exists between the cytologic
features of various cystic lesions of the lateral
neck. Careful evaluation of the epithelial lining
of a cystic mass is essential to arrive at the correct
diagnosis. Unfortunately, cyst fluid samples are
typically dominated by proteinaceous fluid and
histiocytes with degenerated lining cells repre-
senting a minor component. Targeting of the cyst
wall under ultrasound guidance can sometimes
be helpful, even when the mass is otherwise pal-
pable. The possibility of cystic metastatic squa-
mous cell carcinoma should always be considered
in adult patients. Other diagnostic entities are
branchial cleft cyst, lymphoepithelial cyst, muco-
cele/mucous retention cyst, and a cystic Warthin
tumor. Developmental remnants are more likely
in pediatric and young adult patients, and the
identification of ciliated columnar ‘“respiratory-
type” epithelium, when present, is characteristic
of a branchial cleft cyst.

Lymphoepithelial cysts show scant attenu-
ated epithelium in a background of abundant
reactive lymphoid tissue. These cysts tend to
be bilateral, have characteristic imaging fea-
tures, and are most common in patients with
human immunodeficiency virus (HIV) infec-
tion. Typically, these patients can be managed
by serial examinations and occasional therapeu-
tic aspiration. While mucous extravasation most
commonly involves the minor glands of the lip,
a larger pseudocyst or ranula can arise from the
sublingual or, less frequently, from the subman-
dibular gland. This entity is exceedingly rare in
the parotid region, and a mucoid aspirate from
the parotid gland is most suggestive of a cys-
tic mucoepidermoid carcinoma. Nonneoplastic
mucinous lesions are usually hypocellular, with
minimal atypia. The presence of abundant or
atypical mucinous epithelium favors the diagno-
sis of a neoplasm. If FNA is equivocal, excision
of the gland may be necessary for both diagnos-
tic and therapeutic purposes.

Intraparotid Lymphadenopathy

The parotid gland contains a rich network of lym-
phatics that drain the auricle and scalp. These
nodes can become enlarged as a result of inflam-
matory, benign, or malignant disease. Reactive
lymph nodes can occur as a result of transient
viral or bacterial infections and are rarely cause
for concern. Persistent lymph node enlargement
and abnormal radiographic appearance should
trigger further evaluation. Metastatic squamous
cell carcinoma from the scalp, auricle, or external
auditory canal skin can present as nodal disease
within the parotid. Squamous cell carcinoma is
the most common metastasis to the parotid and
much more likely than squamous cell carcinoma
primary to the salivary gland. Melanoma also
commonly metastasizes to the intra- or peri-
parotid lymph nodes. Accordingly, patients with
enlarged nodes should be questioned regarding a
history of cutaneous malignancy.

While parotid enlargement can frequently
indicate nodal metastasis, several systemic
inflammatory conditions exist which can mimic
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neoplastic processes. Patients with sarcoidosis
can develop parotitis, uveitis, and fever, a condi-
tion known as Heerfordt’s syndrome. Similarly,
autoimmune destruction of salivary glands as
seen in Sjogren’s disease can cause gland enlarge-
ment. Sjogren’s is associated with low-grade
marginal zone (MALT) lymphoma. Thus, even
when the clinical setting suggests an autoimmune
process, FNA sampling may be indicated to
exclude a lymphoproliferative disorder.

The diagnosis of lymphoma by FNA typically
rests on a combination of morphology and immu-
nophenotyping by flow cytometry. High-grade
lymphoma generally consists of large, markedly
abnormal lymphocytes. In contrast, low-grade
lymphoma typically consists of monotonous,
small, mature-appearing lymphocytes. Flow
cytometric analysis can demonstrate monoclo-
nality along with co-expression of characteristic
cell surface markers allowing appropriate sub-
typing. However flow cytometry requires addi-
tional sampling and expedient processing. At
times, an incisional or excisional biopsy may be
necessary to obtain tissue architecture or for
immunohistochemical stains for definitive clas-
sification of a hematopoietic neoplasm. In cases
where FNA is suspicious, but a surgical biopsy is
necessary to characterize a lymphoma involving
intra- or peri-parotid lymph nodes, an open
lymph node biopsy should be considered.
Parotidectomy can generally be avoided in these
cases, sparing the patient extensive surgery and
potential morbidity. While clinical history and
examination are helpful in differentiation of
inflammatory and neoplastic lymphadenopathy,
FNA can contribute significantly. The false-
negative rate of lymph node FNA performed by
expert cytopathologists is approximately 2-3%.
Thus, most patients with a benign FNA can safely
be followed.

Benign Salivary Neoplasms

The majority of salivary gland tumors are benign.
Pleomorphic adenoma and Warthin tumor (papil-
lary cystadenoma lymphomatosum) make up
most of these benign neoplasms. Cytologic diag-

nosis of pleomorphic adenoma is generally
straightforward; however usually cellular speci-
mens or the presence of atypia may result in a
less specific diagnosis of “low-grade neoplasm”
being rendered. Smears characteristically show
ductal and myoepithelial elements along with
extracellular fibrillary stroma. When all three ele-
ments are present, the sensitivity and specificity
of FNA for pleomorphic adenoma are extremely
high [24]. Generally, given the risk of continued
growth and malignant transformation, pleomor-
phic adenomas should be excised. Similarly, the
recommendation is that basal cell adenoma and
myoepithelioma be completely excised as basal
cell adenoma can be confused with adenoid cys-
tic carcinoma and histologic evaluation is
required to definitively distinguish an adenoma
or myoepithelioma and adenocarcinoma or myo-
epithelial carcinoma.

Warthin tumor, similar to pleomorphic ade-
noma, has characteristic cytologic findings.
Aspirate smears show sheets of oncocytic epithe-
lium associated with lymphocytes in a back-
ground of proteinaceous fluid. Findings are
typically definitive; however infrequently squa-
mous or mucinous metaplasia can be present and
raise the concern for carcinoma. Warthin tumors
most often arise in patients with a history of
smoking. Thus, concern for malignancy based on
atypical cytologic findings may prompt excision
for diagnostic purposes. Less common benign
salivary tumors include oncocytoma, sebaceous
adenoma, and lymphadenoma. Depending on the
degree of certainty of the cytologic diagnosis,
observation can be implemented for these other
benign neoplasms, especially in elderly patients
or patients at higher risk for general anesthesia.

Benign FNA in the Context

of a Suspicious Nodule

Sometimes, despite a benign cytologic diagnosis,
clinical findings are sufficiently concerning that
surgical excision should be considered.
Suspicious findings include pain, infiltrative bor-
ders, and ipsilateral facial nerve palsy. FNA spec-
imens should be acquired in a manner that
attempts to sample different areas of a lesion.
However technical factors or patient tolerance
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sometimes limits sampling. Thus, a benign cyto-
logic diagnosis should always be considered in
the context of the clinical history and physical
exam. Surgery should be undertaken when suspi-
cious clinical findings persist. Finally, surgical
resection is also reasonable if patients have a cos-
metic concern, especially if surgical risk is low.

Malignant Salivary Neoplasms

The diagnosis of malignancy for some low-grade
salivary gland tumors rests on the histologic find-
ing of invasion. For this reason, neoplasms lack-
ing marked cytologic atypia may be assigned a
general diagnostic category such as “low-grade
salivary gland neoplasm” or “basaloid neoplasm”
with a differential diagnosis. This practice allows
for surgical planning despite the limitations
inherent to a cytologic sample. The most com-
mon salivary gland malignancy is mucoepider-
moid carcinoma comprising approximately
10-15% of all salivary gland neoplasms and
being found in all major and minor salivary
glands [25]. The majority of mucoepidermoid
carcinomas are low grade, and it is these predom-
inantly cystic, low-grade tumors that complicate
the assessment of mucinous cysts.

Similar to a pleomorphic adenoma, an FNA
sample of an adenoid cystic carcinoma consists
of compact “basaloid” epithelial and myoepithe-
lial cells along with metachromatic stromal
material. For this reason, aspirates that lack
unequivocal features of adenoid cystic carci-
noma, including cribriform architecture and
sharply demarcated metachromatic hyaline stro-
mal spheres and cylinders, are assigned a diag-
nosis of “basaloid” or “basal cell” neoplasm.
The differential typically includes benign enti-
ties such as pleomorphic adenoma and basal cell
adenoma along with malignancies such as basal
cell adenocarcinoma and adenoid cystic carci-
noma. Standard immunohistochemical stains
cannot distinguish between these entities; how-
ever the majority of adenoid cystic carcinomas
have a translocation that results in a fusion of the
MYB and NFIB transcription factors [26, 27]. If
available, positive immunohistochemical stain-

ing for MYB can support the diagnosis of ade-
noid cystic carcinoma.

Mammary analogue secretory carcinoma of
the salivary gland similarly has a characteristic
translocation. Immunohistochemical reagents
may contribute to definitive preoperative diagno-
sis of these tumors in the future. However, this
type of specialized reagents is not available at all
institutions. Collecting FNA specimens into for-
malin for processing as a cell block can allow the
specimen to be submitted to a reference labora-
tory for appropriate adjunctive testing based on
the cytologic findings.

As previously mentioned, the most common
high-grade neoplasm found within the salivary
gland is metastatic squamous cell carcinoma.
Metastatic tumors from the skin and upper
aerodigestive tract are common and can usually
be recognized based on clinical findings and
without extensive immunohistochemical evalua-
tion. Careful history taking is warranted for other
patients when the preliminary diagnosis is high-
grade adenocarcinoma. High-grade tumors of
salivary gland origin such as salivary duct carci-
noma can have overlapping features with malig-
nancies such as breast, prostatic, and pancreatic
adenocarcinoma. In these cases, the cytopatholo-
gist should be informed of any history of sys-
temic malignancy, and imaging may be warranted
prior to extensive surgery.

Conclusions

Fine needle aspiration (FNA) is a safe and
an effective technique in the primary diagno-
sis and surveillance of patients with salivary
gland pathology. FNA can be performed in
the outpatient office setting, and FNA speci-
mens are suitable for adjunctive testing such
as culture, immunostaining, and flow cytom-
etry. The quality of the diagnosis obtained
by FNA depends on the skill of the clinician
obtaining the sample and the experience of the
pathologist in interpreting it. Thus, the role
of FNA in a practice setting depends on the
expertise on hand. In a high-volume center
with experienced cytopathologists, FNA is
very frequently adequate to make decisions
regarding patient management including
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supporting conservative/non-operative man-
agement in some cases and limiting or extend-
ing the extent of surgery.
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Office-Based Sialendoscopy

Andrew Fuson, Nahir Romero, Bernard Mendis,

and Arjun S. Joshi

Key Points

1. Diagnostic office-based sialendoscopy is an
option for cooperative adult patients with
obstructive salivary symptoms of unknown
etiology.

2. General anesthesia may be necessary for
uncooperative patients, difficult anatomy,
extensive disease, and/or need for invasive
therapeutic intervention.

Introduction

Sialadenitis is the most common nonneoplastic
disorder of the salivary glands [1]. Obstructive
sialadenitis is the most common etiology with
sialolithiasis being the most common underlying
pathology (66%) in adults. Sialolithiasis affects
the submandibular gland most commonly (80%)
followed by the parotid gland (19%). Sialolithiasis
of the sublingual gland and minor salivary glands
is very unusual (1%). In children, the most com-
mon etiology of sialadenitis in the United States
is juvenile recurrent parotitis, while the most
common cause worldwide is paramyxovirus
infection (mumps).
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Conservative management of sialadenitis
includes nonsteroidal anti-inflammatory medica-
tions (NSAIDs) to decrease local inflammation,
sialogogues to encourage salivary flow, and anti-
biotics to treat bacterial infection. In chronic or
recurrent sialadenitis, the gland was thought to be
minimally or nonfunctional as a result of fibro-
sis and chronic inflammation. In these cases, the
gland was excised. It has however been shown
that there is no correlation between the number of
episodes or duration of symptoms and pathologic
changes in the gland. In fact, half of glands excised
for appropriate indications were normal on patho-
logic analysis [2].

Gland-preserving salivary gland surgery in the
form of transoral sialolithotomy has been the
standard of care for sialolithiasis of the distal
ductal system for decades, but gland-preserving
treatment of obstructive sialadenitis not due to
sialolithiasis or distal stones has proven difficult.
In the early 1990s, the first attempts at sialendos-
copy by flexible endoscope was published by
Katz [3] and Gundlach [4], and the first endo-
scopic retrieval of salivary stones was reported
by Nahlieli et al. [5] using a TMJ arthroscope for
both parotid and submandibular sialolithiasis. In
the ensuing years, the indications for sialendos-
copy have broadened significantly.

Applications of office-based sialendoscopy
were realized early on in the history of the
procedure. Both Gundlach and Katz reported
performing the exam under local anesthesia [3, 4].

39

M.B. Gillespie et al. (eds.), Gland-Preserving Salivary Surgery,

https://doi.org/10.1007/978-3-319-58335-8_4


mailto:iamaya@mfa.gwu.edu

40

A. Fuson et al.

As the options for intervention in sialendoscopy
became more complex, more procedures were
performed under general anesthesia. However,
with proper experience and indications, we pur-
port that the majority of cases of inflammatory
salivary gland disease can be treated with office-
based sialendoscopy.

The purpose of this chapter is to highlight
the indications, contraindications, and limita-
tions of office-based sialendoscopy. Specific
consideration will be made to the importance
of ultrasound for risk stratification, formulat-
ing a diagnostic plan, and aiding during office
sialendoscopy.

Office-Based Sialendoscopy:
Technique

Patient Tolerance

Perhaps the single most important prerequisite to
successful office sialendoscopy is patient toler-
ance. This is influenced by a number of factors
including physician rapport, patient comfort,
local anesthesia, adequate anxiolysis when
appropriate, and physician skill.

Before sialendoscopy the patient should be
instructed to eat the morning of the procedure
and should be well hydrated to avoid a vasova-
gal response during office sialendoscopy. In
this preprocedural visit, it is also vital to build
rapport with the patient to decrease preproce-
dural anxiety and increase patient tolerance to
discomfort. During this visit the patient may
also be prescribed anxiolysis as necessary.
Given adequate preparation and explanation,
the need for oral anxiolytic medications is
rarely necessary.

The expertise of the proceduralist is also an
important factor when considering office sialen-
doscopy. Data has shown that expertise scores
increase and operative times decrease signifi-
cantly after 10 and 30 cases of operative sialen-
doscopy. These performance measures continue
to improve after 50 sialendoscopies [6].
Sialendoscopies are also more frequently suc-
cessful in experienced hands. Aborted cases also

decrease with experience, and more glands are
preserved [7, 8].

Tools and Setup

The materials below are used by the senior author
during most office sialendoscopy cases and may
be modified as needed (Fig. 4.1):

Lidocaine 1% with epinephrine injectable on
a 27 gauge needle.

Lidocaine 4% viscous gel.

Salivary guide wire (0.015 in.).

Salivary ductal dilators (4Fr, SFr, 6Fr).

Cheek retractor.

Lacrimal probes.

Conical dilator.

Smooth pickups.

Tenotomy scissors.

Sialendoscope set (0.8, 1.1, 1.3 mm).

Wire basket.

Endoscopic balloons.

Methylene blue (optional).

Vitamin C (optional).

The patient should be seated in a semi reclin-
ing position with the head supported. The cheek
retractor is then gently inserted to enable ade-
quate visualization of the oral cavity. The proce-
duralist may wear a headlight or use an external
light source. All necessary supplies should be
arranged in the order of use on a Mayo stand in
easy reach of the proceduralist or the assistant.

The assistant should stand on the opposite side
of the patient to the proceduralist. The monitor is
placed on either side of the patient, and the light
source is placed on the patient’s left (Fig. 4.2).

Ultrasound

Ultrasonography is the radiologic exam of choice
in salivary gland pathology. This is particularly
true when evaluating a patient for sialendoscopy,
as it enables the proceduralist to precisely locate
the area and type of pathology.

Office ultrasonography has up to a 96% accu-
racy when detecting sialolithiasis [9]. This
enables the surgeon to numerate, characterize,
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Fig. 4.1 Animage of the table setup for office-based sialendoscopy

Fig. 4.2 The procedure room arrangement for office-based sialendoscopy
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and localize sialolithiasis. Mobile stones can be
identified as such, and large, adherent stones can
be triaged for fragmentation or sialendoscopy
under general anesthesia. Ductal dilations associ-
ated with stenoses are easily seen on ultrasound,
and dilation under direct visualization can be
planned.

Visualizing the pathology associated with
patient’s symptoms also enables the surgeon to
counsel the patients on the precise intervention
planned, whether that be retrieval of a stone or
ductal dilation.

Following sialendoscopy, treatment success
can also be imaged with ultrasonography.
Specifically, ultrasound can be immediately used
to successfully identify retained stones in the
case of transoral sialolothotomy, as during a
combined approach, permitting re-exploration as
necessary. Stenoses can be followed after ductal
dilation, sialolithiasis can be surveilled, and
gland parenchyma is easily imaged without inva-
sive procedures.

Papilla

The most frequent difficulty encountered in
sialendoscopy, especially in the early stages of its
utilization, is cannulation of the parotid or sub-
mandibular papilla. Even with experienced oper-
ators, difficulty is experienced in up to 15% of
sialendoscopies [10]. This is particularly impor-
tant in bedside sialendoscopy, as rapid intraductal
access and expeditious intervention is vital to
patient comfort and cooperation.

When identifying the Wharton’s or the
Stensen’s duct, a submucosal 1% lidocaine injec-
tion can be invaluable. Submucosal lidocaine
injection in the region of the papilla can also
change the angulation of Wharton’s duct, making
the duct more vertically oriented and enabling
more rapid cannulation (Fig. 4.3). Additionally,
submucosal injection can make the region of the
papilla firmer allowing for easier instrumentation
of the region.

The papilla is then dilated with a conical
dilator and can be cannulated with a 22G angio-

Fig. 4.3 Left submandibular papilla after injection with
lidocaine in preparation for dilation of the papilla

cath. Currently available guide wire and dilator
systems, utilizing the Seldinger technique, may
also be used to cannulate both the parotid and
submandibular ductal systems. This enables an
atraumatic identification of the duct. Once the
ductal opening is identified, serial dilation can
be performed. This minimizes trauma and maxi-
mizes efficiency of movement. The senior
author rarely dilates to above a 6 Fr, as adequate
access for most procedures can be obtained
using a 5 Fr dilator.

Loupe or microscopic visualization of the
duct is a simple, quick adjunct to papilla visual-
ization. Without any added time and with the
minimal addition of equipment, the papilla can
be localized. This equipment is easily found in
most otolaryngology offices. When needed, the
author uses 2.5x-3.5x loupe magnification or the
in-office microscope.

The first step in localizing the papilla, after
direct visualization with or without magnifica-
tion, is massaging the gland to express saliva.
This is frequently successful, but the caruncle is
sometimes hard to visualize given the translucent
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Fig. 4.4 Painting the papilla with methylene blue can
often assist in the identification of the ostium

appearance of the saliva and the reflective nature
of well-hydrated mucosa. This is especially
difficult in edematous ducts, angulated ducts, or
in patients with xerostomia. In these difficult
cases, methylene blue can be used to paint the
region of the caruncle (Fig. 4.4). As the gland
secretes even modest amounts of saliva, the dye
will smear around the opening. A washout effect
can eventually be seen, with a clearing of dye
surrounding the papilla.

In individuals who produce little saliva with
gland massage or those suffering from xerostomia,
administration of vitamin C/citric acid orally can
significantly augment salivary flow in the ductal
system. Encouraging salivation is valuable in iden-
tifying the papilla and can aid in visualization of
the ductal system of the parotid and submandibu-
lar glands during ultrasound examination [11].

Local Anesthesia

Local anesthesia is of particular importance in
office sialendoscopy and aids in patient coopera-
tion and comfort. The first step in local anesthe-
sia is application of topical cetacaine spray to the
mucosa surrounding the papilla. After allowing a
few moments for the cetacaine to take effect,

dilation of the duct is performed either using a
tapered conical dilator or the salivary ductal
dilator system. Once dilated to an adequate level,
the dilator or the 22G angiocath is left in place
and 4% viscous lidocaine is instilled through the
lumen, and the glandular system left filled for
several minutes to provide a sufficient “depth” of
anesthesia.

If dilation of a stenotic segment or extraction
of a large stone is planned, local injection can
also be given percutaneously under ultrasound
guidance. In these cases facility with ultrasound
can be tremendously helpful to not only help
localize the pathology transcutaneously, but also
help with local anesthesia.

Sialolithiasis

Sialolithiasis is the most common etiology of
sialadenitis and has a prevalence of 1/15,000—
1/30,000 individuals per year [2]. Sialoliths are
made of calcium carbonate and phosphate, with
variable organic components. The exact sequence
of events leading to sialolithiasis is unknown;
however the suspected sequence of events is
thought to involve intracellular calculi excreted
into the ductal lumen which act as a nidus for
stone formation [12]. Multiple sialoliths are com-
mon and occur in approximately 60% of the
cases of parotid sialolithiasis and 30% of the
cases of submandibular sialolithiasis.

Sialendoscopy is effective in both the diagno-
sis and treatment of sialolithiasis, and the indica-
tions for in-office sialendoscopic diagnosis and
intervention in salivary stones are identical to
those of operative sialendoscopy. Diagnostic
sialendoscopy is a vital adjunct in the imaging of
suspected sialolithiasis and when used in con-
junction with ultrasonography can identify and
endoscopically extract stones as large as 5—7 mm
in both the parotid and submandibular ducts [2,
13, 14]). Contraindications to in-office sialendo-
scopic extraction of sialoliths include stones too
large to extract only endoscopically (generally
greater than 5 mm), patient intolerance to exam,
and anatomic difficulties.
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Ductal Stenosis

Ductal stenosis of the parotid duct, and less fre-
quently the submandibular ducts, is an underrec-
ognized cause of recurrent sialadenitis. Ductal
stenoses have been found to cause 15-25% of
sialadenitis without identified stones [15, 16].
Ductal stenoses are more frequent in the parotid
duct (75%) than in the submandibular ductal sys-
tem (25%) [15, 17].

Again, the indications of office-based sialen-
doscopy for ductal stenoses are identical to those
of operative sialendoscopy. Office sialendoscopy
is particularly useful in this patient population, as
repeated dilations and surveillance of stenosis are
frequently necessary. Contraindications to sialen-
doscopy under local anesthesia include Koch
grade 4 narrowing (complete stenosis), as these
frequently require percutaneous access of the
proximal, dilated ductal system.

Diagnostic Staging

Several ductal stenosis classification systems
have been described [15, 17, 18].

The Marchal classification system of stones
classifies the sialoliths based on its size, mobil-
ity, and visibility within the duct (Table 4.1).
This system seeks to stratify the stones based
on ability to intervene endoscopically, as
large, fixed, partially visualized stones are
predicted to be the most difficult to extract
endoscopically.

The Marchal classification of ductal steno-
ses groups stenoses based on both anatomic
characteristics and amenability to particular
interventions (Fig. 4.5). Diaphragmatic steno-

Table 4.1 Description of salivary duct stones with the
Marchal classification

Score Findings
LO Duct free of stones
L1 Floating stone
L2 a Fixed, visible stone smaller than 8 mm
b Fixed, visible stone larger than 8 mm
L3 a Fixed, partially visualized stone, palpable
b Fixed, partially visualized stone, nonpalpable

S1

N

(
NG

_J

e
Main duct

Fig. 4.5 Classification of extent of ductal stenosis (S)
using the Marchal classification

ses (S1) are easily dilated by any method and
may be multiple. As their title suggests, these
stenoses are thin and membranous. Stenoses of
the main duct (S2) require more force to dilate
and may require repeated dilations. Multiple,
thick stenoses and diffuse ductal stenosis (S3,
4) are progressively more problematic to treat
and very frequently require repeated interven-
tions [17].

The Koch classification of stenoses is associ-
ated with increased recurrence, increased fre-
quency of sialocele, and increased severity of
symptoms in type II stenoses and fewest recur-
rences in type I or “inflammatory” stenosis
(Table 4.2). Koch type III stenoses are associated
with the greatest amount of luminal narrowing
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Table 4.2 Description of ductal stenosis using the Koch
classification scheme

Grade Description

1 Passable with 1.1 mm endoscope

2 Passable with .8 mm endoscope

3 Not passable with .8 mm endoscope
4 No visible lumen

Type Description

1 Inflammatory

2 Fibrous webbed

3 Fibrous circumferential

Koch et al. [18]

and highest rates of recurrence. Regardless of
stenosis type, over 30% of stenotic ducts may
require repeat sialendoscopy [18].

RAIl Sialadenitis

Radioiodine-induced sialadenitis is the most
common sequela of radioiodine administration
for malignant thyroid disease and can lead to
chronic xerostomia, mucoid saliva, and ductal
strictures. RAI-inducted sialadenitis occurs in
approximately 20% of patients, more frequently
in the parotid ductal system (90%). RAI-induced
sialadenitis is caused by the concentration of
I131 in the striated ducts of the salivary glands
by the ATP-dependent Na/l cotransporter, caus-
ing damage to the surrounding duct and acinar
cells [19]. The damage caused by I131 is dose
dependent, with more severe symptoms and
increased frequency of RAI-induced sialadenitis
with higher doses of 1131. There are two peaks
in the incidence of RAI-induced sialadenitis
[20]. The early form of RAI-induced sialadenitis
develops in the first 48 h after treatment, is bilat-
eral, and resolves with conservative treatment
in 10-14 days. The second “late” peak in RAI-
induced sialadenitis occurs 3—6 months follow-
ing treatment and is obstructive in nature [21].
This “late” RAI-induced sialadenitis is charac-
terized by plaque formation, strictures, mucoid
saliva, mucus plugging, and recurrence. The tra-
ditional treatment of RAI-induced sialadenitis
has been conservative with NSAIDS, steroids,
pilocarpine, sialogogues, and gland massage.

Recently, however, sialendoscopy has been
increasingly used to dilate stenoses and irrigate
affected glands.

Sialendoscopy is a valuable treatment modal-
ity in RAI-induced sialadenitis, and indications
for office-based sialendoscopic intervention
remain identical to operative sialendoscopy.
Literature has shown that RAI-induced sialadeni-
tis improves significantly in both subjective and
objective measures following sialendoscopy [19,
22]. The clinician has the ability to both diagnose
and treat each pathology associated with RAI-
induced sialadenitis. Affected glands are irrigated
with intraductal steroids, mucus plugs are dis-
lodged and flushed, and stenoses can be dilated.
Patients with recurrent symptoms, although rare,
can be treated with repeated dilations of stric-
tures, steroid, and/or antibiotic irrigation.

Sjogren’s Syndrome

Sjogren’s syndrome is a progressive autoim-
mune disease characterized by chronic inflam-
mation and damage to the exocrine glands.
Sjogren’s syndrome affects all mucosal surfaces,
most commonly resulting in xerostomia and
xerophthalmia. Four of six positive diagnostic
signs are required for diagnosis of Sjogren’s syn-
drome, including biopsy of the minor salivary
glands, xerostomia, xerophthalmia, decreased
lacrimal gland function, decreased salivary func-
tion, and the presence of anti-SSA and anti-SSB
antibodies. The parotid gland is the most com-
monly enlarged gland, while the submandibular
gland is sometimes involved. Discomfort and
xerostomia in Sjogren’s syndrome are caused by
chronically decreased salivary gland output due
to ductal debris, thickened saliva, and ductal ste-
nosis with subsequent retrograde bacterial infec-
tion [19, 23].

Conservative treatment of xerostomia, swell-
ing, and pain associated with Sjogren’s syndrome
is first done with “palliative” agents such as artifi-
cial saliva, secretagogues, and disease-modifying
drugs like steroids and sex hormones. With acute
bacterial infection, antibiotics and glandular mas-
sage attempt to remove ductal debris. The role of
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sialendoscopy in Sjogren’s syndrome is to delay
or prevent parenchymal loss by removing ductal
debris, dilate stenosis, and irrigate with steroids.
Subjective symptoms are improved after sialen-
doscopy; however no objective improvement in
salivary flow has been shown. The most frequent
findings on sialendoscopy in Sjogren’s syndrome
are thick, mucoid saliva, obstructing ductal
debris, and ductal stenoses [23]. Repeat sialen-
doscopies are frequently necessary, as Sjogren’s
syndrome is a progressive disease. Office sialen-
doscopy is an important intervention in Sjogren’s,
as it allows preservation of salivary flow without
the additional burden of general anesthesia.

Juvenile Recurrent Parotitis

Juvenile recurrent parotitis is the most com-
mon inflammatory disorder of the salivary
glands in children in the United States and the
second most common inflammatory disorder of
the salivary glands worldwide to mumps [24,
25]. Juvenile recurrent parotitis features non-
obstructive, nonsuppurative, recurrent paroti-
tis. The peak age of onset is typically between
3 and 6 years, and recurrent episodes can con-
tinue until puberty. The traditional treatment
regimen of JRP has included NSAIDS, antibi-
otics, sialogogues, and warm compresses. This
regimen, while effective on acute episodes,
does nothing to decrease recurrence of symp-
toms [24]. The characteristic sialendoscopic
findings in juvenile recurrent parotitis include
whitish ductal walls without vasculature, less
frequent fibrinous debris. Sialendoscopy with
steroid and/or antibiotic irrigation has recently
been shown to be effective in decreasing recur-
rence [24, 25].

The pediatric population poses unique chal-
lenges for office-based sialendoscopy, as patient
tolerance and cannulation of the pediatric
papilla are of paramount importance. Literature
has shown there is no clinically significant dif-
ference in the size of the pediatric papilla or
duct [25]. To further aid in rapid cannulation of
the duct, the characteristic appearance of the
papilla in juvenile recurrent parotitis is widely

patent [26]. In appropriately selected children
over 8 years old, office sialendoscopy with irri-
gation and dilation is an excellent option to
decrease recurrence in JRP and avoid the risks
of general anesthesia.

Contraindications

While office sialendoscopy is an excellent diag-
nostic and treatment modality in salivary gland
diseases, there are certain specific contraindica-
tions to its use. The primary impediment to
office sialendoscopy is inability to access the
duct. Multiple factors may contribute to diffi-
culty in access.

Severe trismus is a significant obstacle in
office sialendoscopy, particularly when attempt-
ing to cannulate Wharton’s duct. When range
of motion is limited by pain, the patient may be
premedicated with oral analgesics to increase
mouth opening. When conservative measures
are insufficient, however, general anesthesia
may be necessary to aid in visualization and can-
nulation of the duct. In most cases under general
anesthesia, sufficient exposure can be obtained
with paralytic medication and self-retaining
retractors to permit access to the submandibular
ductal system.

Difficult oral anatomy is an important but
less common contraindication to office sialen-
doscopy. Acute angulation of Wharton’s duct, as
can be seen in the case of mandibular tori, can
prohibit rapid and comfortable cannulation of
the submandibular duct, necessitating the more
controlled environment of the operating room
(Fig. 4.6).

Mandibular tori may also crowd the floor of
the mouth, making access to Wharton’s duct dif-
ficult or angulating the ducts so that passage of a
semi-rigid endoscope is impossible. In some
cases, these tori may need to be excised under
general anesthesia in order to permit access. In
the senior author’s experience, office sialendos-
copy can be attempted and, if not possible, can be
rescheduled for the operating room.

Acute infection is the only strict contraindica-
tion common to both operative and office sialen-
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Fig. 4.6 The presence of mandibular tori may result in
unsuccessful cannulation of Wharton’s duct

doscopy. Edema surrounding the ductal papilla
significantly increases difficulty in cannulation,
inflammation of the papilla and duct decreases the
efficacy of local anesthesia, and regional inflam-
mation narrows the ductal lumen to increase the
risk of ductal injury and decrease the utility of
sialendoscopy. Additionally, acute inflammation
can make the wall of the ductal system more fria-
ble, which could lead to perforation of the duct.
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Parotid Stones

Barry M. Schaitkin and Rohan R. Walvekar

Key Points

1. Stones are more common in the submandibu-
lar gland than the parotid and represent 50%
of all obstructive pathology.

2. Stones may start as microliths or be secondary
to trauma, bacteria, or foreign bodies.

3. Ultrasound and CT are most commonly used
to evaluate for stones.

4. Salivary endoscopy can address most small
stones in a minimally invasive way. Larger
stones may require other modalities combined
with endoscopy.

Epidemiology

The incidence of parotid stones is reported to be
approximately 1 in 20,000, with some reports of
stones in autopsy material of up to 1% [1]. In
the parotid gland, it is the second most common
reason for salivary swelling after mumps. The
etiology of salivary stones has not been com-
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pletely determined. Research by Dr. John
Harrison and others has concentrated on the for-
mation of microliths. These can be found in nor-
mal glands and then serve as the nidus for the
formation of sialoiths. In animal models, the
incidence of microliths increases when salivary
flow is obstructed [2]. Another theory is that
trauma, bacteria, or foreign bodies act as the ini-
tial nidus.

Clinical Presentation

Patients with parotid stones primarily present
with intermittent mealtime symptoms. When
salivary demand increases, the stones which are
usually in the duct over or anterior to the mas-
seter at presentation cause obstruction of flow,
swelling, and discomfort [3]. Stones are there-
fore symptomatic when they reach a point that
they block a significant portion of the ductal
lumen where they reside. The parotid duct has
been estimated to be about 1.5 mm in diameter
at its widest part [4]. Patient’s stones may reach
significant size with few symptoms and then
present with an acute more dramatic infection.
Intermittent obstruction leads to infection and
stricture formation as well. One theory of stone
formation suggests that recurrent bouts of sali-
vary gland inflammation lead to the formation
of inflammatory microliths that coalesce into
symptomatic stones (Fig. 5.1).
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Fig. 5.1 This is a stent from a patient who was lost to
follow-up and had it retained for many months. It is cov-
ered with new mini stones, demonstrating the principle of
microlith formation from a foreign body nidus

Testing

History is the most important feature of salivary
inflammatory disease. For stone patients, 80% of
them are in the submandibular gland (see Chap.
7). The choice as to what radiographic investiga-
tion is best varies among practitioners.

Ultrasound (US)

The noninvasive, readily available, and inexpen-
sive nature of this technique has led to US becom-
ing a major investigative tool in patients with
salivary complaints. Increasingly, surgeons have
these devices in their offices and can use them as
a natural extension of their physical examination.
In Europe, residency training in US is becoming
a requirement for certification, and it is reason-
able to assume that US will shortly become an
integral part of residency training in the United
States as well.

OXIMAL PAROTID STOME TA

Fig. 5.2 Ultrasound image of right proximal parotid
stone (5.2 mm); stone casts a typical distal acoustic
shadowing

Terraz found the overall sensitivity, speci-
ficity, accuracy, and positive and negative pre-
dictive values of sonography in the detection of
calculi were 77, 95, 85, 94, and 78%, respec-
tively. Most importantly, false-negative sono-
graphic findings were associated with calculi
with a diameter less than 3 mm in non-dilated
salivary ducts; most calculi with a diameter of
3 mm or greater were correctly identified.
False-positive findings were caused by ductal
stenosis with wall fibrosis, which was errone-
ously interpreted as lithiasis [5]. If US shows a
stone, it is likely to be there with a high posi-
tive predictive value (94%) (Fig. 5.2). The
absence of a stone might be because it is small.
In that case the authors of the paper suggest
proceeding with an MR sialogram if the likely
suspicion for a stone is low and a conventional
sialography if the likelihood of a stone is felt to
be high. Our institutional preference is to
obtain a non-contrast CT scan in these situa-
tions instead.

Computerized Tomography (CT)

CT scan is superior at detecting salivary stones
but relatively poor at looking at ductal dilata-
tion. It is able to detect stones as small as 1 mm,
and below this size, they are rarely symptomatic
(Fig. 5.3). It has as a disadvantage the exposure to
radiation. Cone beam CT has also been used, and
it is less expensive with less radiation exposure.
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Fig.5.3 Computerized tomography demonstrating dense
stone with significant parotid inflammatory changes in the
left parotid gland

MRI Sialography

This technique is not universally available, but it
has been well described in the literature.

The sensitivity, specificity, and positive
and negative predictive values of MR sialog-
raphy to detect calculi were 91, 94-97, 93-97,
and 91% [6].

Conventional Sialography

Although the technique is not as popular as it
once was, it does have a role in the manage-
ment of small parotid stones and other salivary
pathologies. An excellent resource to under-
stand the role and technique of sialography for
the diagnosis and management of nonneoplas-
tic salivary gland disorders is the Iowa Head
and Neck Protocol, an effort spearheaded by
Dr. Henry T. Hoffman. https://iowaheadneck-
protocols.oto.uiowa.edu/display/protocols/Sial
ograms+and+Sialography

Nonsurgical Therapy

Lithotripsy has a long history in the treatment
of salivary stones. Its main advantages is that it
is noninvasive and outpatient, requires no anes-
thesia, and has relatively few complications.
The technique is NOT currently FDA approved
in the United States. Iro et al. reported on mini-
mally invasive treatment of salivary stones in
five centers in 4691 patients. Only 78 patients
had parotid stones treated in this manner. Since
multiple centers were involved, they used more
than one manufacturer’s technology. The dura-
tion of each session was usually 1 h. The num-
ber of shock waves delivered during each session
varied between 3000 and 5000. The outcome
was assessed clinically and by ultrasound or sia-
lographic evaluation, or both, 3—6 months after
completion of treatment. Parotid stones were
successfully treated in 70% and partially success-
ful in 25% with <5% requiring gland removal.
Submandibular cases had a lower rate of com-
plete success. Long-term reports of lithotripsy
have placed permanent complete response to
treatment at 40% [7].

Surgical Therapy/Results/
Complications

Sialolithotomy

Direct sialolithotomy has traditionally been done
for stones presenting at the papilla. Large pal-
pable stones that are too large for simple endos-
copy can be addressed by a transoral approach as
well. The stone must be palpable. It is possible
that long-standing stones with proximal dila-
tion can fall back toward the hilum of the parotid
gland during this manipulation making transoral
removal difficult. A papilla sparing approach can
also be used to facilitate removal of stones either
proximal to the papilla or distal to the anterior
border of the masseter muscle. This procedure
involves making a curvilinear incision or circu-
lar incision around the papilla and accessing the
duct in the buccal space (Fig. 5.4). The stone is
identified within the duct in the buccal space and
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Fig. 5.4 Transoral approach to salivary stone in right
parotid not amenable to simple endoscopic removal.
Curved incision allows exposure of the duct in the buccal
space

delivered via a longitudinal sialolithotomy. After
stone removal, a salivary endoscopy to check
for complete stone removal and facilitate stent
placement and repair of the duct is performed
(Fig. 5.5). The major potential complication is
stenosis related to the surgical incision which
may be reduced by stenting the repaired duct
(Fig. 5.6).

Salivary Endoscopy

Salivary endoscopy has emerged as a minimally
invasive approach for stones of the parotid and
submandibular gland. It can be performed
purely under local anesthesia where local anes-
thetic is administered intraluminally via the
salivary endoscope after initial dilation of the
papilla that often requires no anesthesia or just a
topical anesthetic; alternatively, it can also be
performed under monitored anesthesia care.
More complex cases lend themselves to general
anesthetics in an operating room setting. A deci-
sion to perform local, monitored anesthesia or
general anesthesia rests upon several factors

Fig. 5.5 Passage of salivary endoscope through an open-
ing in distal Stensen’s duct

Fig. 5.6 Placement of a stent over a guidewire into
Stensen’s duct. Many surgeons have found that stent
placement for 1-2 weeks reduces the probability of a duc-
tal stenosis

such as patient comfort, surgeon experience and
comfort, office-based infrastructure, patient fac-
tors (such as age, comorbidities, previous sali-
vary surgery), and indication for the procedure.
The ideal case is a mobile, small stone that can
be captured in a stone basket and delivered with
no incision or a small papillotomy (Fig. 5.7).
The size of the stone is not an absolute when
building an algorithm for stone removal [8].
Walvekar et al. found that small, round stones
could be more difficult to remove with stone
baskets than larger more oblong stones. Each
scope has only certain baskets that will fit in the
working channel. In order to deploy the best
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Fig. 5.7 A mobile stone as visualized on salivary endos-
copy is usually amendable to endoscopic basket removal

basket, it is necessary to know the basket to
scope options and to have an array of scopes
available to perform the case. Potential compli-
cations include duct rupture, duct avulsion, trau-
matic stenosis, failure to remove a stone, and
stone recurrence (about 5%).

Medium-sized round stones (4-7 mm) will
most commonly require fragmentation to allow
extraction. The only option in the United States
is the holmium laser which is similar to what is
in use in urologic stone surgery [9]. Small fibers
fit easily through the working channels. It is
imperative to be trained in the use of the laser
and to exercise caution. The holmium laser is
used primarily since it is a contact laser; how-
ever, it is still possible to injure or perforate the
duct wall with the laser energy. The cases some-
times need to be staged as irrigation and laser
energy will lead to duct swelling and make the
procedure less safe. Stones are of a variety of
densities requiring different power setting, but in
general, one can start at 5 Hz and 0.5 J per pulse
and increase it as necessary. A greater power set-
ting allows more rapid fragmentation but is asso-
ciated with faster onset of ductal edema due to
thermal damage. Lower setting allows a more
controlled stone fragmentation but increases
operative time.

Fig. 5.8 View of salivary scope tip that was damaged by
laser use. This changed the scope optics and deformed the
working channel

Tremendous care and constant irrigation are
required to prevent the duct wall from being
injured. In addition, the fragile and expensive
scopes can be injured by the stony material that is
generated by the laser energy. In order to avoid
scope damage, the scope should be kept back as
far as possible but with a continued good view.
This damage can be either to the optics of the
scope or can accumulate in the working channel
and prohibit instruments from passing through
the tip of the scope (Fig. 5.8).

Salivary Endoscopy with Combined
Approach

Stones with size and shape not amenable to laser
excision are removed with a hybrid or combined
approach. These larger parotid stones can still be
managed without parotidectomy. The stone is
first localized with a traditional salivary endos-
copy. The stone is trapped in a basket if possible
to allow for the stone to be fixed in its location.
Trapping the stone may also allow the surgeon to
“place” the stone in a part of the duct with the
easiest external accessibility, generally distal to
the gland over the masseter muscle. If it is not
possible to deploy a basket because the stone fills
the ductal lumen and the basket cannot be
deployed, the scope is left in the duct, and the
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palpability of the scope and the light facilitate the
external ductal incision.

Once the stone is identified, a face-lift parotid
incision is generally used. some cases have been
done with a SMALL TRANSFACIAL Incision.
The flap is raised as for parotid surgery. A U-shaped
flap of SMAS is created lateral to the duct as deter-
mined by palpation and/or scope light transillumi-
nation. A small incision over the stone with an 11
blade is accomplished and enlarged as necessary
with very fine scissors. Care is taken after creation
of the SMAS flap to avoid the buccal branch of the
facial nerve that travels with the duct. Although this
author does not use a nerve monitor, several of the
book’s editors do this case with a nerve monitor.
Success in the parotid gland is over 75% [10, 11].
Complications include stone recurrence, sialocele,
facial nerve weakness, numbness, scar, and failure
to remove the stone.

Gland Excision

Some patients still require gland excision for sali-
vary stones. These make up <10% of all inflam-
matory parotid patients. For stone patients they
are made up of the following groups:

1. Stones down side channels not accessible to
salivary endoscopy

2. Proximal intraglandular stones not amenable
to removal with scope

3. Recurrent stones that are multiple and
inaccessible

4. Stones with dense stenosis distal to them

5. Surgical failures because of technical issues

Conclusions

Salivary stones are a relatively common cause
of obstructive salivary symptoms. Stones
larger than 3 mm can be accurately diagnosed
with US. Smaller stone patients with a strong
history and negative US should be investi-
gated with CT or sialography.

Stone size and shape determine the best
method of stone removal. Small stones
will come out directly with endoscopy.
Medium-sized stone requires external or

laser lithotripsy and fragmentation to allow
extraction.

Larger stones can be treated successfully
with combined or hybrid approaches. Failure
of all techniques will result in a small number
of cases that need to have a conventional
parotidectomy as definitive therapy. The goal,
however, is always to try to take care of the
problem with gland preservation in the most
minimally invasive way possible.
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Submandibular Stones

Rachel Barry, Barry M. Schaitkin,
and Rohan R. Walvekar

Key Points

1. Gland preservation techniques are associated
with lower morbidity, reduced blood loss,
better cosmesis, and reduced hospital stays.

2. Gland-preserving surgery incorporates sialen-
doscopy that can be combined with transoral
procedures that allow access or stone removal.

3. Anunderstanding of the anatomy of the floor
of the mouth especially the sublingual gland,
Wharton’s duct, and lingual nerve is vital to
being prepared to manage salivary gland
stones.

4. Palpable stones in the anterior floor of the
mouth can be managed with simple transoral
removal.

5. Anteriorly located stones can be treated with
sialendoscopy alone.

6. Small and intermediate stones can be treated
endoscopically or with lithotripsy. Larger
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stones or impacted stones will require hybrid
techniques.

7. An understanding of how to manage the
duct, options and indications for stenting, as
well as ability to recognize complications are
all important for good outcomes.

8. Large stones with difficult transoral access
may benefit from the technological advances
provided by robotics.

9. Most  importantly, understanding the
patient’s symptoms and expectations and
tailoring the approach to meet these expecta-
tions will result in most optimal outcomes.

10. An astute sialendoscopist must always have
a high index of suspicion for neoplastic pro-
cesses which can occur occasionally in sync
with nonneoplastic disorders like salivary
stones and occasionally present with similar
complaints.

Introduction

Sialolithiasis is a disease of the salivary gland
characterized by the mechanical obstruction of
the salivary duct by a calculus. The incidence
of sialolithiasis in the general population has
been reported to be 1.2% [1]. Salivary stones
are most often seen in the submandibular
gland (80-90%) as compared to the parotid
gland (5-20%). Stone formation in the sublin-
gual and minor salivary glands is very rare.
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The predominant prevalence of salivary stones
in the submandibular gland can be explained
by anatomic factors such as the longer, ascend-
ing tract of the submandibular duct, as well as
the more alkaline and mucous composition of
the saliva, which contains higher concentra-
tions of calcium and phosphate.

Sialoliths can vary in size from less than
1 mm to a few centimeters in diameter. Eighty-
eight percent of salivary stones will be less than
10 mm in diameter, with a majority being
within 3—7 mm in diameter. In a small percent-
age of cases, salivary stones will grow to sizes
greater than 15 mm. The majority of stones are
located in the hilum or proximal duct system
(53%), followed by the distal two-thirds ductal
system (37%) with only 10% in the intraparen-
chymal duct system [2]. While small stones
sometimes pass out of the duct on their own,
larger stones typically remain in the gland or
duct until removed.

Historically, surgical treatment for patients
with symptomatic sialolithiasis involved papil-
lotomy for distal stones and submandibular
gland excision for proximal or intraglandular
stones. Although sialoadenectomy is the defin-
itive treatment for obstructive sialadenitis, it is
associated with higher rates of complications
including permanent nerve damage (marginal
mandibular, lingual, or hypoglossal nerves),
salivary fistula, sialocele, and aesthetic conse-
quences. It was previously believed that a
gland with sialolithiasis becomes nonfunc-
tional. This has been disproved with studies
showing a return to normal secretory function
following stone removal, as well as normal his-
tologic findings in glands removed for sialoli-
thiasis, further justifying gland-preserving
approaches [3].

Sialendoscopy is a technique that allows
endoscopic visualization of the submandibular
ductal system and facilitates minimally invasive
management of stones, thus allowing for gland
preservation. The management of salivary stones
in the submandibular gland often involves endo-
scopic and endoscopic-assisted transoral proce-
dures to allow gland preservation.

Clinical Presentation

Salivary stones are the commonest cause of uni-
lateral submandibular gland swelling. The
patients can be completely asymptomatic who
are diagnosed incidentally during imaging for
other diagnoses or can present with the classical
symptoms of swelling of the gland during meals.
Glandular swelling can be painless or painful.
Mechanical obstruction of the submandibular
gland can be complicated by bacterial infections
resulting in acute sialadenitis with purulent sali-
vary secretions and an enlarged painful gland that
can also progress to abscess formation (Fig. 6.1).
In most cases, however, patients present with
chronic symptoms of intermittent swelling that
resolves spontaneously. Consequently, a past
medical history of chronic sialadenitis may sug-
gest sialolithiasis. Other histories relevant during
initial evaluation include a history of dry eyes
and dry mouth that could be associated with
Sjogren’s syndrome, diabetes mellitus, or dehy-
dration, all of which may predispose the patient
to calculus formation. Gout has also been found
to be associated with sialolithiasis, in which case
crystals will be made up primarily of uric acid.

Fig. 6.1 Right submandibular papilla is obstructed with
corresponding inflammation of the anterior floor of the
mouth with a large distal sialolith and purulent secretion
at the papilla
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Other relevant history that impacts the
management of stones is a history of bleeding
disorders, autoimmune diseases, or medications
that lower salivary production (see Chap. 1).
Tobacco use is shown to be positively correlated
with sialolithiasis [3].

Physical Examination

All new patients must have a thorough and com-
plete head and neck examination to rule out a
coincidental neoplastic process. Oral cavity
examination should include an inspection of all
the four salivary duct openings. The submandibu-
lar duct can open on the papilla as a singular
opening or at times multiple openings.
Consequently, the opening of the duct, site, and
patency must be documented for easier identifi-
cation during surgery. Also, if the submandibular
papilla is difficult to identify or expression of
saliva on ipsilateral gland massage does not pro-
duce saliva, this may indicate obstruction of
Wharton’s duct or papillary stenosis. Accordingly,
access to the papilla can be planned accordingly,
i.e., the surgeon can have a lower threshold for
performing a sialodochotomy during sialendos-
copy, if all techniques to identify the papilla have
failed. It may also influence the choice of anes-
thesia for the operation. Bimanual palpation of
the floor of the mouth should be performed to
identify the location of the stones if palpable, and
also posterior floor of the mouth palpation must
be performed to assess access to the hilum for
management of larger hilar stones via combined
approach technique. For stones that are not pal-
pable, an in-office ultrasonography can be help-
ful to identify stones, gauge mobility of the
stones under ultrasound, and localize them with
sonopalpation, which is US combined with tran-
soral stone palpation. Tenderness to palpation of
the floor of the mouth, erythema, and purulence
from the salivary duct all denote an acute suppu-
rative sialadenitis. In the latter situation, active
surgical intervention or endoscopic intervention
is usually contraindicated as the risk of duct pen-
etration is high during acute infection. Surgery,

open and endoscopic, is usually deferred until the
patient’s active infection has resolved. Neck
examination should also be performed to assess
the submandibular gland tenderness, firmness or
induration, and size. Obstructed salivary glands
may be enlarged, but chronic sialadenitis can also
result in atrophic glands. Firm fibrotic glands can
be indicative of chronic infection or inflamma-
tion. Bilateral gland pathology often points to a
systemic etiology, i.e., Sjogren’s syndrome, sar-
coidosis, or [gG4 sialadenitis.

Imaging

The common imaging techniques used for sub-
mandibular stones include ultrasound (US) and
computerized tomography (CT) imaging. Plain
X-rays or orthopantomograms are fast and nonin-
vasive; however, these often miss intraglandular
or small stones; in addition, only 80% of sub-
mandibular stones are radiopaque on plain films.
The sensitivity for other imaging modalities is
higher. Ultrasound imaging can locate stone
greater than 2 mm in size. Stones smaller than
2 mm can be missed. There are also certain areas
such as the anterior floor of the mouth which are
not easily assessable on US, consequently result-
ing in the possibility of missing pathology. US is
helpful not only in clinical diagnosis but also has
implications in surgical management, i.e., intra-
operative localization of stones via sonopalpa-
tion; it is, however, highly operator dependent.
Other advantages of US are that it allows avoid-
ance of exposure to radiation, and it is repeatable,
inexpensive, and efficient. A study comparing
US, sialography, and endoscopy demonstrated
sensitivity of 81%, specificity of 94%, and accu-
racy of 86% for US.

In the United States, US is gaining popularity
to diagnose and manage salivary gland disease;
however, computerized tomography (CT) scans
are probably more commonly ordered to deter-
mine salivary gland pathology. The authors rec-
ommend CT scan with 1 mm cuts both with and
without contrast to evaluated submandibular sial-
olithiasis. CT imaging is ideal to get a broader
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Fig.6.2 (a) CT scan showing a large right submandibular
duct stone with hilar involvement. (b) Right submandibu-
lar duct “megalith”

perspective of submandibular stone presentation.
CT scans help identify the location, shape, size,
and number of stones which may not be readily
visible on US (Fig. 6.2). The disadvantage is that
the ductal pathology can only be interpreted indi-
rectly, i.e., ductal stenosis or obstruction by prox-
imal ductal dilation. Also, CT images are not
dynamic, i.e., stones can move in location from
the time when a scan is done to when the patients
undergo therapy consequently not providing real-
time information on stone location.

Sialography is an excellent imaging tool to
determine ductal pathology. Identification of
ductal stenosis and extent of stenosis can be
determined with sialography. Disadvantages
include irradiation, pain associated with the pro-
cedure, possibility of ductal perforation, and
pushing the stone further proximally in the gland.
Also MRI and MRI sialography can provide

valuable information; they are uncommonly nec-
essary for management of submandibular stones.
When there is concern regarding the presence of
a coexisting pathology, i.e., tumor or autoim-
mune disease, MRI imaging can be a valuable.
MRI sialography consists of 3-mm T2-weighted
fast spin echo slices, performed in sagittal and
axial planes. Volumetric reconstitution is per-
formed, allowing visualization of the ducts. Itis a
rapid, noninvasive technique without dye injec-
tion and possibility to visualize all major salivary
glands; however, cost of the procedure, longer
time required for image reconstruction, and dif-
ficulty for claustrophobic patients limit the use
for routine imaging of submandibular stones.

Indications for Sialendoscopy

Sialendoscopy should be considered in all cases of
submandibular sialolithiasis in patients who have
obstructive symptoms and for diagnostic evalua-
tion of recurrent unexplained swelling of the sub-
mandibular gland associated with meals. Patients
with history of recurrent acute sialadenitis with or
without abscess formation also qualify for stone
removal. Patients diagnosed with sialolithiasis
incidentally or who are not particularly symptom-
atic should be given the option of observation as
well. However, pros of this observation protocol,
i.e., avoidance of surgical complications and cons,
i.e., possibility of recurrent obstructive symptoms,
acute sialadenitis, neck abscess, and also loss of
ability to offer endoscopic interventions as smaller
stones may increase in size (rate of growth 1 mm/
year), must be discussed with the patient.

Contraindications to Sialendoscopy

There are few contraindications for sialendos-
copy. In patients with medical issues precluding
administration of general anesthesia, the proce-
dure can be performed under local anesthesia
with sedation. However, some patients may be
medically unfit for any invasive procedure and
can be observed. Active sialadenitis is a relative
contraindication; sialendoscopy is more difficult



6 Submandibular Stones

61

in setting of inflammation, and intervention can
result in higher changes of ductal injury includ-
ing perforation and stenosis.

Surgical Techniques
for Management of Submandibular
Stones

External lithotripsy is an option for the manage-
ment of sialolithiasis and is discussed in Chap. 5
(Parotid Stones). Our discussion on management
of submandibular stones will focus on current
philosophies and technical considerations of var-
ious gland-preserving techniques for manage-
ment of the submandibular stones.

The algorithm for stone management as defined
by Marchal et al. takes into consideration stone size.
Small stones (<4 mm) can be accessed endoscopi-
cally, and large stones (>6 mm) can be managed
using combined approach techniques or removal
after stone fragmentation. Intermediate-sized stones
are challenging and often need a combination of
endoscopic and open techniques to locate and treat
them. Studies have shown that other than stone size,
location, shape, and orientation are helpful in deter-
mining the likelihood of endoscopic success.

Preoperative Preparation
and Considerations

As described earlier a thorough head and neck
examination is mandatory prior to intervention in
the operating room. Equally important is the
importance of the informed consent. Chapter 1
discusses the nuances of examination and evalua-
tion of patient with salivary gland disorders.
Discussing the procedure in detail including
expectations, complications, need for insertion of
stents vs. not, postoperative recovery, and days of
work lost are important aspects of preoperative
preparation. A discussion with the anesthesiolo-
gist to plan endotracheal tube placement is impor-
tant. If the procedure is being performed under
general anesthesia, nasal intubation offers a wider
exposure of the oral cavity, but there is a risk of
epistaxis. [n most cases, especially with experience,

oral intubation will provide adequate exposure and
access to the anterior and posterior floor of the
mouth. In patients undergoing bilateral proce-
dures, nasal intubation is preferable. Also it’s
important to avoid anti-sialagogues such as
Robinul (glycopyrrolate). Availability of preoper-
ative imaging or access to US for intraoperative
intervention should be considered. In patients who
are undergoing combined approach or hybrid pro-
cedures, external pressure on the submandibular
gland is vital in propping up the floor of the mouth
contents. In some cases, especially in patients with
challenging access to the oral cavity (e.g., obese
patients, small mouth opening, tori, or large teeth
or tongue), the need for two assistants may be nec-
essary. Consequently, pre-op planning for ade-
quate intraoperative assistance is vital to success.

Operative Planning Issues

Anesthesia:

¢ General anesthesia or local anesthesia with
sedation.

e If performed under general anesthesia, recom-
mend oral or nasal intubation with muscle
relaxation for better intraoral access.

Positioning:

e Supine.

e Intraoral and extraoral Betadine prep may be
considered.

Perioperative antibiotic prophylaxis:
e Perioperative administration of antibiotics to
cover the oral flora is recommended.

Monitoring:
* Routine anesthesia monitoring

Instruments and equipment to have available:
e Head and neck set
e Monopolar and bipolar electrocautery
 Intraoral retractors:
— Disposable plastic cheek retractors.
-] ennings retractors, Minnesota retractors,
and dental props are all useful in providing
intraoral exposure.
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e Salivary duct dilators and stent for cannula-
tion of Wharton’s duct:

— Marchal or Schaitkin dilator systems (Karl
Storz, Germany)

— Disposable dilator systems (Cook Medical,
USA)

— Salivary duct stents (Hood Laboratories,
Pembroke, MA)

e Sialendoscopy tray
e Sialendoscope(s) and video tower:

— Most commonly the “all-in-one” interven-
tional endoscopes are favored due to their
versatility in diagnostic and interventional
procedures.

* Disposable instrumentation:
— Stone baskets
Indwelling access sheaths
Laser (holmium) for lithotripsy and laser
fibers
Pneumatic lithotripter (Cook Medical, USA)

Prerequisite skills:
e Experience with salivary gland and salivary
duct surgery

Operative risks:

» Risks of general anesthesia.

e Bleeding.

e Infection.

e Ductal injury, i.e., perforation, avulsion, or
scarring (stenosis).

e Stenosis of the papilla.

e Salivary fistula is not a major complication as
the salivary fistula into the floor of the mouth
is desired. However, in some cases, salivary
leak and fistula due to injury of the sublingual
duct and gland can lead to post-op sialocele or
ranula formation.

e Lingual nerve injury.

 Inability to remove stone.

e Need for further procedure to remove sub-
mandibular gland.

Surgical Approach and Techniques

Exposure to the oral cavity is obtained using a
variety of retractors. Disposable cheek retrac-
tors are vital in providing lateral exposure by

retracting the buccal mucosa; this is especially
relevant for submandibular stone management.
The retractor tends to block access to the parotid
duct and consequently is not as often used for
exposure in parotid cases. General anesthe-
sia with oral or nasal intubation is performed.
Sedation with local anesthesia can be substituted
if preferred or if general anesthesia is contra-
indicated. Bite block and oral retractors (e.g.,
Jennings retractor) are placed for adequate intra-
oral exposure.

Access to the Submandibular Papilla

This is the rate-limiting step for submandibular
sialendoscopy. The submandibular papilla is first
identified under magnification and then sequen-
tially dilated. Identification is facilitated by pre-
operative identification and localization of the
papilla. Intraoperatively, pressure on the gland
externally will allow the papilla to be identified
by egress of saliva from the opening. In difficult
cases, application of methylene blue to the floor
of the mouth can help make the papilla more
prominent. Once identified, the papilla can be
dilated using a variety of dilating systems and
techniques. Most experts advocate a “no-touch”
technique, i.e., to avoid using toothed forceps to
grab the floor of the mouth mucosa which may
create illusions of a papilla by the punctures cre-
ated and also increase risk of maceration of the
papilla. Retraction of the floor of the mouth can
be performed bluntly using Q-tips or retractors
(finger retraction or metal). Once the duct is can-
nulated, dilation must be performed of the first
1.0-1.5 cm of the duct opening; more distal intro-
duction of dilators can cause stones to be pushed
back toward the hilum or traumatize the duct. In
general, dilation should be smooth and atrau-
matic. If excessive resistance is felt, a stenosis or
false passage should be suspected. Dilation tech-
niques essentially include either serial dilation
using metal dilators of increasing caliber or dila-
tion over a guide wire, i.e., Seldinger technique
using either non-disposable metal or disposable
cannulas. After appropriate dilation, the sialen-
doscope is inserted, and endoscopic localization
of the stone is performed.
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In cases where access cannot be obtained
using standard dilation techniques, a sialodochot-
omy and repair of the duct are indicated. This can
be performed either by incising the papilla and
proximal duct and suturing this to the floor of the
mouth or by leaving the natural papilla intact and
instead making a sialodochotomy about a centi-
meter proximal to the natural opening. In the lat-
ter alternative, the duct is then marsupialized to
the floor of the mouth creating a new opening for
the duct; the advantage is that the natural papilla
is maintained, and consequently the duct remains
tethered anteriorly to the floor of the mouth giv-
ing stability to the duct. The disadvantage is the
possibility of injuring the sublingual duct open-
ing and increasing the chances of ranula
formation.

Anterior Floor of the Mouth Stones or
Stones at the Papilla

For stones at the papilla, usually a simple tran-
soral stone removal is adequate. This can be per-
formed in the office or in the operating room
under local or general anesthesia, depending on
size of stone, palpability of the stone, patient
preference, and surgeon comfort. The stone is
usually fixed in place using a hemostat or for-
ceps. A papillotomy can be made to release the
stone; usually this is followed by egress of
obstructed saliva. A small papillotomy usually
will heal well without need for stent placement.
Flow of saliva serves as a stent in this case; con-
sequently, salivary gland massage, hydration, and
sialagogues are important to help prevent papil-
lary stenosis. If additional stones are suspected, a
sialendoscopy can then be performed at that time
both for diagnosis and treatment.

Anterior floor of the mouth stones impacted in
the submandibular duct are also managed in a
similar fashion. The position of the stone away
from the papilla brings on a few challenges. How
do you manage the duct? Is the sublingual gland
at risk? Is stent placement necessary? Is an
endoscopy necessary? For palpable anterior floor
of the mouth stones, if the duct can be accessed,
an endoscopy is performed to visualize the stone;
in many situations, if the stone is favorable in

Fig.6.3 Floor of the mouth duct marsupialization

orientation, it can either be captured in a basket
or with a forceps and retrieved to the level of the
papilla, after which a papillotomy is needed to
help deliver the stone. If the duct cannot be
accessed, then the stone is removed by making a
floor of the mouth incision and sialodochotomy
(Fig. 6.3).

When endoscopy is possible, it should be per-
formed; even when the stone is impacted in the
duct, having an endoscopic view of the stone is
helpful both for stone localization and subsequent
endoscopy to check for additional stones, frag-
ments, and for stent placement. If the natural
papilla and distal duct are normal, stenting after
removal of large mid-duct stones can be consid-
ered to allow for a more natural flow of saliva.
The sialodochotomy is either closed or left to
heal around the stent. The floor of the mouth inci-
sion is usually closed with interrupted absorbable
sutures. However, this is not mandatory, given
that the saliva must drain into the oral cavity, the
sialodochotomy can be matured to form a second
opening for the duct into the floor of the mouth.
As mentioned earlier, a side effect of ductal
manipulation is ranula formation; patients must
be counseled about the possibility for ranula for-
mation and need for additional surgery. In situa-
tions where Wharton’s duct is widely
marsupialized, injury to the sublingual duct is a
high probability. Some authors recommend an
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elective sublingual gland excision to prevent the
complication of future ranula and also to facili-
tate suturing the duct to the floor of the mouth
mucosa by removal of intervening minor salivary
gland tissue.

Small- and Intermediate-Sized Stones

Intraductal mobile stones are ideal for endo-
scopic retrieval. A variety of endoscopic tools
can be used to facilitate stone removal, i.e., stone
baskets and stone forceps. The intermediate-
sized stones provide a unique challenge to the
sialendoscopist. These stone are too large to per-
mit endoscopic removal unless they are favorably
oriented and too small to be easily palpable in the
floor of the mouth and consequently amenable to
a combined approach procedure. Often stones
within the duct may have a preceding stenosis
that must be dilated or managed prior to an
attempt at stone removal.

Intermediate-sized stones can either be
observed if endoscopic access is not ideal or frag-
mented to allow piecemeal removal of the stone.
These procedures may be lengthy and necessitate
multiple passes of the endoscope, dilators, and
instruments to permit stone removal. The length
of the procedure and manipulation of the papilla
and duct may cause ductal edema and injury.
Endoscopic indwelling access sheaths can be
used to minimize the ductal injury and provide a
stable operative channel for intervention.

Fragmentation of the stone can be performed
in one of several ways, often depending on the
consistency and hardness of the stone. Some
stones tend to be more resilient to mechanical
pressure than others. The handheld micro-drill
and forceps are options where mechanical energy
can be used to fragment stones. This is combined
with endoscopic retrieval of fragments. The
micro-drill is ideally suited for stones at the
hilum where the drill can be used to fix stone to
the hilar wall to facilitate fragmentation. Stone
forceps can be used to crush stones; however, the
success of this method depends on the stone
integrity and size. Large, spherical, and hard
stones are not amenable to being fragmented by

this method. Laser lithotripsy has been used to
fragment stones. The Holmium laser, which is a
contact laser, is ideally suited for this purpose.
However, inherent problems with the use of
lasers include line of site view, i.e., the laser fiber
can only be used and activated if a clear view of
the stone can be obtained. Laser energy although
effective in lithotripsy causes lateral thermal
damage that can predispose the duct to stenosis.
Lower-energy settings allow a more controlled
breakdown of stones but also take longer opera-
tive time predisposing the duct to edema. In addi-
tion, the tip of the laser generates heat that could
also damage the salivary endoscope. For these
reasons, although effective, laser lithotripsy has
been adopted in a limited fashion in most practice
setting. Other regulatory hurdles include off-
label use of the laser for salivary stones and need
for hospital credentialing for the use of holmium
laser; the holmium laser is most often used in
urologic procedure and has limited ENT indica-
tions which sometimes makes it difficult for oto-
laryngologists to get adequate experience to
fulfill institutional credentialing criteria.

Intraductal lithotripsy has been investigated in
the past with limited success. However, recent
studies with a newer pneumatic lithotripter device
have shown promising results for stone fragmen-
tation. The device is coupled with the use of the
indwelling operative sheath and a salivary duct
irrigator (SialoCath™, Cook Medical, USA) to
create an all-in-one system for intraductal litho-
tripsy, stone fragmentation, and removal of stone
fragments.

After complete stone removal in these scenar-
ios, irrigation of the duct with steroid-based solu-
tion and stent placement may be a consideration
depending on the surgeon’s concern for ductal
trauma, edema, and post-op stenosis.

Large Hilar Submandibular Stones

Stones that are not amenable to endoscopic
removal or fragmentation can be removed from
combined approach or hybrid techniques. The
principle of these techniques is to use a combi-
nation sialendoscopy with open techniques to
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facilitate gland preservation. Endoscopic local-
ization is combined with transoral stone removal
to guide dissection, perform a check endoscopy
after stone removal, and facilitate stent place-
ment if deemed necessary. Ultrasonography can
also be a valuable adjunct to stone localization
with sonopalpation. If the stone is trapped
within a wire basket and endoscopic retrieval is
not possible, the procedure can be converted to
a combined technique wherein the trapped stone
is secure and stable in position within the basket
to complement transoral removal. If not trappa-
ble, the scope is replaced with a ductal dilator to
allow for constant duct localization without risk
to the scope from retractors. The understanding
of the posterior floor of the mouth anatomy is
vital to this technique. The lateral relation of the
lingual nerve to the hilum of Wharton’s duct as
it passes over the nerve is important to visualize
three-dimensionally. In some cases, the lingual
nerve needs further mobilization and medializa-
tion to get a more direct view of the hilar por-
tion of the duct. It is also important to realize
the posterior portion of the sublingual gland
may obscure the view of the posterior Wharton’s
duct, lingual nerve, and medial pterygoid mus-
cle and often needs to be excised to provide
necessary  exposure for  sialodochotomy
(Fig. 6.4a, b).

An assistant provides elevation of the gland
toward the floor of the mouth. An intraoral inci-
sion is made in the floor of the mouth over the
stone guided by transillumination, palpation of
the stone itself, or the stone basket combination.
The stone within the duct and the lingual nerve
are localized primarily via blunt dissection. With
the lingual nerve in view, the duct is incised over
the stone and the stone is delivered. Dissection of
the stone from the walls of the duct is often nec-
essary to free the stone completely. Extension of
the ductal incision may be necessary to deliver a
large stone or megalith (>15 mm). It must be
borne in mind that the ductal lumen is smaller
distally and anterior extensions of the sialodo-
chotomy may lead to subsequent stenosis; stent
placement may be reasonable in this is a concern.
Similarly, posterior extension of the ductal inci-
sion brings the incision closer to the lingual nerve

Fig.6.4 (a) A posterior floor of the mouth incision show-
ing posterior sublingual glandular tissue obscuring the
view of the submandibular duct and lingual nerve. This
must be excised to visualize the posterior floor of the
mouth structures. A 1.2 mm WS stent in place to help
localize the duct. (b) End-on view of robot-assisted stone
removal showing the relation of the submandibular duct
with hilar stone (medially) and lingual nerve (laterally) in
the posterior floor of the mouth

as it crosses the duct, and care must be taken to
avoid injury to the nerve.

Salivary endoscopy is performed to check for
additional stones and to remove stone remnants
which will lead to recurrence. The Wharton’s
duct is repaired or stented when possible. There
is no evidence to suggest that a formal repair or
stenting of the duct avoids subsequent stenosis
and consequently correlates with long-term gland
preservation, salivary gland function, or symp-
tom resolution.



66

R.Barry et al.

Salivary Duct Stenting

Stenting of the salivary duct for the sub-
mandibular glands is controversial. Stenting
is not evidence based but is usually consid-
ered when postoperative ductal stenosis after
papillotomy, sialodochotomy, interventional
sialendoscopy, or combined approach tech-
nique is considered to be possible based
on clinical judgment. A variety of existing
devices have been modified or used as alterna-
tives for stenting such as infant feeding tubes,
angiocatheters, dilators, and access sheaths
meant for salivary duct access that are used
to fashion stents. Stents specifically designed
for short-term intubation of the salivary ducts
are also available commercially (Walvekar
Salivary Duct Stent, Schaitkin Salivary
Cannula; Hood Laboratories, Pembroke, MA)
(Fig. 6.5).

Fig. 6.5 (a) Walvekar Salivary Stent with guide wire
(Hood Laboratory, Pembroke MA). (b) Schaitkin Salivary
Duct Cannula (Hood Laboratory, Pembroke, MA)

Postoperative Issues
Routine Postoperative Management

The majority of patients who undergo diagnostic
and interventional sialendoscopy can be discharged
the same day. If there is a concern for postoperative
floor of the mouth edema causing airway distress
due to extravasation of irrigating fluid, patients can
be observed for 23 h or admitted for inpatient
observation. In the authors’ practice, patients are
discharged with the following instructions:

e Half-strength hydrogen peroxide or chlorhexi-
dine rinse 15 mL TID, after meals, to keep
clean if there is a suture line.

e In general, postoperative antibiotics are not
necessary. However, if a salivary stent is left in
place to manage a damaged submandibular
duct, a course of postoperative antibiotics for
10-14 days is recommended. The stent is usu-
ally left in place for 10-14 days as well.

e Patients with salivary duct stent placement are
asked to inspect the stent for loosening or
extrusion daily. If there is a concern for stent
displacement, the patients are encouraged to
contact the treating team. Other instructions
include to avoid massage of the gland since
the floor of the mouth elevation during gland
massage puts tension on stent anchoring
sutures and can cause early extrusion of the
stent.

* Follow-up visits are scheduled in 1-2 weeks.

Complications and Management

o Tongue hypoesthesia due to lingual nerve
paresis. The overall incidence of lingual nerve
paresis with combined approach techniques is
around 20%. This tends to improve over
4-8 weeks, and symptomatically the patients
may feel tongue numbness or experience a
metallic taste in the mouth.

e Bleeding/hematoma
— Hematoma requires evaluation and control

of bleeding to avoid floor of the mouth
swelling and potential airway compromise.
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* Postoperative infection
— Incision and drainage, culture, antibiotics,
and removal of stent if placed.
e Wharton’s duct injury
— Salivary fistula. Often physiologic and
does not require treatment

Duct perforation. If there is a minor
ductal injury during endoscopy, this does
not need intervention. Once the injury is
identified, irrigation must be stopped, and
the procedure is aborted.

In case of a major ductal injury, the pro-
cedure is aborted, but due consideration
should be given to ductal stenting or
marsupialization.

In case of duct avulsion, a rare compli-
cation, usually associated with excessive
force being used to deliver a stone trapped
in the stone basket, the procedure must be
aborted, and gland excision will be
necessary.

— Stricture or stenosis. Sialendoscopy with
dilation and stent placement or subman-
dibular gland excision for recalcitrant cases

Discussion

Marchal categorized as small or large stones
based on the maximal dimension of the stone,
along its length or width that can safely be
removed using an endoscopic technique [3].
Small stones, i.e., stones that or 4 mm or less, that
are located anteriorly within endoscopic reach,
can typically be removed with sialendoscopy
alone. Large stones, i.e., stones that are more than
4 mm in maximal dimension, stones that are
unfavorably located, or impacted stones often
require a combined approach, which incorporates
sialendoscopy and open transoral surgery. This
method has been shown to have overall good suc-
cess rates with minimal complications. A retro-
spective analysis by Schwartz et al. looked at 49
combined approach cases for submandibular
sialolithiasis. The success rate was 87% with
symptom control in 76%. There were no signifi-
cant complications, and gland preservation rate
was 95% [4].

Stones larger than 15 mm are called “giant
stones” or “megaliths” and are relatively rare in
occurrence. Traditional management of these has
been transoral sialolithomy for ductal and easily
palpable submandibular stones and submandibu-
lar gland excision for hilar or intraglandular
stones. A case series by Wallace et al. described
management of megaliths utilizing a combined
approach with improved gland preservation rates
[5]. Advantages of this method include visualiza-
tion and localization of the stone using sialendos-
copy, along with facilitated lingual nerve
identification by transillumination. Other advan-
tages include the capability to perform sialendos-
copy after stone extraction to check for residual
stone fragments or additional stones, as well as
the ability to irrigate and check the site of repair
in cases where salivary duct repair is indicated.
Robot-assisted transoral removal has also been
described in the case of a hilar-intraglandular
submandibular megalith, allowing for excellent
visualization of Wharton’s duct and the lingual
nerve [6].

The authors do not routinely repair or stent the
salivary duct after stone removal for submandib-
ular cases, in contrast with parotid cases. The
rationale being that if the ductal incision fistu-
lized into the floor of the mouth, it would be
physiologic. Short-term follow-up outcomes
have been encouraging [3]. A prospective study
by Woo et al. investigated anatomic changes to
the submandibular duct following transoral exci-
sion of hilar stones without sialodochoplasty.
Sialography at 3 and 12 months showed good
anatomic restoration of flow through the subman-
dibular duct in all but one patient (3%), who
developed partial ductal stenosis. This patient
was noted intraoperatively to have severe adhe-
sions between the stone and the duct [7].

Lithotripsy has also been described for larger
stones or stones difficult to reach endoscopically.
External lithotripsy involves several sessions and
does not involve extraction of fragmented stones;
stones are expected to evacuate spontaneously,
but remaining debris can serve as a nidus for fur-
ther calcification and recurrence of sialolithiasis.
In Capaccio’s study of 322 patients undergoing
extracorporeal electromagnetic shock wave
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lithotripsy for submandibular and parotid stones,
the stone was completely eliminated in 45%,
while 27% of patients were left with residual
stone fragments >2 mm in size. Symptom relief
was achieved in 88%. Worse outcomes were
associated with submandibular stones and stones
>7 mm [8]. Various methods of intracorporeal
lithotripsy have been described, with laser and
pneumatic lithotripsy techniques being the most
common. Holmium laser lithotripsy, while effec-
tive, can cause adverse thermal effects by reflec-
tion of shock wave energy generated by the laser
off of the stone, and concerns exist over ductal
trauma and stenosis. A study by Schrotzlmair
et al. found that using Ho:YAG laser lithotripsy
with energy higher than 500 mJ per pulse was
associated with damage to the surrounding tissue
[9]. Endoscopic pneumatic lithotripsy using the
StoneBreaker lithotripser, which was originally
described for use in renal stones, was described
in a live porcine model using artificial subman-
dibular calculi, showing effectiveness of the
method while avoiding thermal ductal damage
[10]. Preliminary studies in a human model have
also been favorable [11].
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Salivary Duct Scar

M. Boyd Gillespie

Key Points

1. Salivary duct scar is the second most common
cause of obstructive salivary disorders after
stones.

2. Multiple different salivary disorders can result
in salivary duct scar.

3. Management of salivary duct scar may allevi-
ate obstructive symptoms, but therapy must be
directed at the underlying etiology in order to
prevent recurrence.

4. Gland-preserving therapy is highly successful
for salivary duct scar and is currently the first-
line treatment of choice.

Background
Extent of the Problem

Obstructive sialadenitis is the most common
benign disease of the major salivary glands,
affecting approximately one in 10,000-20,000
of the general population [1]. Blockage of the
salivary ducts may be caused by stones, scar,
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mucous plugs, and anatomic anomalies in the
ductal system, inflammatory polyps, or foreign
bodies. Any of these factors may lead to
impaired physiologic flow of saliva through the
duct, resulting in salivary stasis and glandular
inflammation.

Gland preservation surgery utilizing sialendos-
copy has been adapted to a wide range of salivary
disorders beyond stones. Currently, salivary disor-
ders other than stones constitute 50% of the patient
visits for obstructive salivary disorders. The sec-
ond most common reason for an obstructive sali-
vary disorder other than stones is salivary duct scar
which is estimated to contribute to 25% of obstruc-
tive cases overall. In patients with obstructive
symptoms and negative imaging for stones, ductal
scar is found in up to 50-90% of patients who
undergo diagnostic sialendoscopy [2, 3].

Like other obstructive salivary disorders, sali-
vary duct scar typically presents with painful
swelling of the affected gland, most commonly
during meals. This may occasionally result in
recurrent bouts of bacterial sialadenitis with
fever, glandular swelling, overlying skin ery-
thema, and purulent ductal secretion. Less com-
monly patients will note increased dry mouth
with a reduction in the amount of saliva that they
experience. Ductal scar most commonly presents
in the parotid gland in 75% of cases. The scar tis-
sue is most often localized to the main duct and
ostium.
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Etiology of the Salivary Duct Scar

Although salivary duct scar is frequently the
proximal cause of obstructive salivary symptoms,
the underlying etiology of the scar may be vari-
able. Causes of salivary duct scar include salivary
stones, autoimmune inflammation (Sjogren’s dis-
ease, lupus), infection (viral or bacterial), radio-
iodine exposure, allergy, ductal reflux, juvenile
recurrent parotitis, trauma (external and iatro-
genic), foreign bodies, and congenitally small
ducts. Occasional changes in the external tissue
surrounding the duct can produce kinks that cre-
ate a functional blockage of the duct [4]. Cases
of ductal kinking have been observed after face-
lift surgery, external beam radiation, masseteric
hypertrophy, and compression from tumors or
inflammatory lesions. Knowledge of the underly-
ing cause of the ductal scar will allow application
of appropriate medical therapy which may reduce
the likelihood of recurrent symptoms and lead to
better gland preservation and function in the long
term. Salivary duct scar appears to have a female
predominance with approximately 60% of cases
occurring in women. Although the strong associ-
ation between autoimmune disorders and female
gender may be a factor, the exact reason for this
observation is unknown.

Ductal Anatomy and Definitions

In order to recognize narrowing of a salivary
duct, the sialendoscopist must first be aware of

Fig. 7.1 Endoscopic
view of a salivary duct
stricture (a) and
stenosis (b)

the average caliber of normal salivary ducts. In a
histologic study of human cadaveric glands, Zenk
et al. demonstrated an average diameter of
2-2.5 mm for Stensen’s duct and 2.5-3.0 mm for
Wharton’s duct [5]. The narrowest point for both
the parotid and submandibular systems was the
ostium, each of which measured only 0.5 mm on
average. Although most ductal scar will be found
between the ostium and hilum, up to 30% of
patients will have scar tissue limited to or extend-
ing into the intraparenchymal ductal system [3].
In addition to having normal caliber, healthy duc-
tal walls have a well-vascularized pinkish or
salmon hue compared to the whitish, avascular
appearance seen with ductal scar.

Based on the collective experience of numer-
ous sialendoscopists, most patients who present
with salivary obstruction from scar tissue have
main ductal lumens that measure less than
1.5 mm in greatest diameter [6]. Therefore, as a
practical consideration, main ducts that are
unable to accommodate a standard 1.6 mm scope
should be considered narrowed. According to
Poiseuille’s law, resistance to flow is inversely
proportional to the radius to the fourth power.
Therefore, narrowing of even a fraction of a mil-
limeter in diameter can result in a magnified
resistance to salivary flow. In addition, the fibrotic
nature of the scarred duct may also be less
responsive to the excretory force of myoepithe-
lial cells and smooth muscle.

Salivary duct scar typically presents as either an
area of ductal stricture or a segmental stenosis
(Fig. 7.1) [3]. Strictures are defined as short
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segment scar bands that extend across the ductal
lumen. Strictures can be thin and weblike dia-
phragms or dense, fibrous plugs. Stenosis denotes a
lengthwise segmental narrowing of the duct to a
diameter to less than 1.5 mm without complete
obliteration of the lumen. Strictures are more com-
monly observed in the setting of a focal ductal dis-
ruption from stone or trauma, whereas stenoses
indicate a more generalized glandular inflammation
associated with chronic, autoimmune, or radioio-
dine sialadenitis.

Patient Evaluation
History and Physical Examination

The presentation of salivary duct scar is no differ-
ent than that of obstructive sialadenitis. Patients
complain of an almost daily painful swelling of
the affected gland, typically during meals or upon
salivary stimulation. The ostium of the affected
gland may intermittently drain a thick, mucoid
discharge with a salty or foul taste. More rarely,
the patient may present with an episode of acute
inflammation, fever, overlying skin erythema,
and purulent ductal discharge.

A thorough history should investigate
potential causes of obstructive sialadenitis
such as passage of stones, local trauma, his-
tory of radioiodine, or history of autoimmune
disease. Ductal scar typically presents with
obstructive symptoms in a single gland, most
commonly a parotid gland. However, ductal
scar is usually present in a gland with wors-
ening obstructive symptoms in the setting of
a multi-gland disorder such as Sjogren’s or
radioiodine sialadenitis.

Xerostomia can precipitate and exacerbate
the symptoms of obstructive sialadenitis due to
low salivary flow and the formation of mucous
plugs. Patients should be questioned as to
whether they frequently experience a dry mouth
and/or dry eyes. The patient’s medication list
should be reviewed for medications that cause
xerostomia such as diuretics, antidepressants,
and antihistamines. Patients should be advised
to reduce caffeine and abstain from tobacco

products. A 15-min unstimulated saliva collec-
tion is a straightforward method of screening for
Sjogren’s disease. Patients are instructed to spit
all of their saliva into a measuring cup for
15 min. Total collected volumes less than
1.5 mL are suggestive of Sjogren’s and should
be followed by Sjogren’s antibody testing [7].
Minor salivary gland biopsy, which is more sen-
sitive but less specific than antibody testing,
should be considered in cases with negative
Sjogren’s serologies if the patient has com-
plaints of xerostomia and/or xerophthalmia, has
multi-gland involvement, or has intraglandular
adenopathy on imaging.

The involved gland may or may not appear obvi-
ously swollen on visual inspection. Palpation of the
affected gland will typically feel more firm than
non-involved glands and may be tender. If peri-
glandular or upper cervical lymph nodes are pal-
pated, infection or malignancy should be ruled out.
Although Sjogren’s patients frequently have scat-
tered intraglandular adenopathy, these nodes are
usually not palpable. If palpable nodes are present
in the setting of autoimmune disorder, fine needle
aspiration with flow cytometry is indicated in order
to rule out lymphoma. The duct of the gland should
be inspected while massaging the gland to note the
volume and character of the saliva. In the setting of
ductal scar, flow will often be absent or may spurt
out of the duct when massaging pressure is applied
to the gland. Bimanual palpation can assess for
stones in the distal portion of the duct.

Imaging

The next step in the management of a patient
with obstructive salivary symptoms is imaging.
Although rare, the first reason for imaging is to
rule out a salivary tumor or mass as a cause of the
obstruction. Computed tomography is often the
initial imaging modality of choice in North
America, and although excellent for the detection
of small sialoliths, it is not as sensitive as other
modalities for the detection of salivary duct scar.
Scintigraphy demonstrates retention of radiolabel
upon sialagogue challenge but fails to differenti-
ate the cause of obstruction.
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Similar to their European colleagues, many
experienced North American sialendoscopists
now favor in-office ultrasonography as the initial
imaging modality of choice. If a salivary clinic is
equipped with an ultrasound machine, it can be
used in real time to render a presumptive diagno-
sis during the patient visit. Ultrasonography is
sensitive, relatively inexpensive, and noninvasive
and avoids exposure to ionizing radiation. The
best advantage is that it allows dynamic imaging
of the blocked salivary gland when performed
after a sialagogue challenge with sour candy or
lemon juice. Obstructed glands will typically
reveal engorged, blocked ducts on ultrasound
after sialagogue challenge since the blockage
prevents the saliva from freely passing into the
oral cavity. The ultrasonographer can then trace
the swollen duct with the ultrasound probe until it
comes to a choke point at the blockage. If the
acoustic signal and shadow of a salivary stone are
not seen at this blockage point, it is likely that the
blockage is caused by a salivary scar although
other possibilities include small (<3 mm) or
poorly calcified stones. The region of the duct in
which the blockage is visualized should be noted
in order to guide subsequent endoscopic
approaches. Patients with generalized ductal ste-
nosis may have dilated ducts with smaller lumens
and thickened ductal walls (Fig. 7.2).

Currently there is no imaging modality with
sufficient resolution to definitely show intra-

ductal scar tissue. Ultrasound can detect a block-
age or pinch point; however the actual cause of
the blockage may not be revealed until direct
inspection with sialendoscopy. Therefore, most
sialendoscopists will proceed to diagnostic
sialendoscopy at this point in patient manage-
ment. If the patient or physician desires more
information prior to sialendoscopy, additional
imaging options are available. If a stone is sus-
pected at the blockage point, the physician may
proceed to CT scan without contrast since this
will be more sensitive for small stones. If scar is
suspected, the ultrasound can be followed by
either standard contrast sialography or magnetic
resonance (MR) sialography to better delineate
the luminal anatomy of the salivary duct.
Although rarely used, sialography is the most
sensitive technique for visualizing luminal filling
defects and can differentiate between focal stric-
ture and segmental stenosis. In addition, sialogra-
phy will often reveal multiple stenoses not seen
by ultrasound or small stenoses in second and
third level ducts beyond the hilum within the
intraglandular ductal system. Standard sialogra-
phy may involve some discomfort to the patient
due to the need for ductal dilation and infusion of
contrast and carries the small risk of a contrast
dye reaction. In addition, many radiologists are
not familiar with ductal cannulation; therefore
the sialendoscopist must be willing to escort the
patient to the radiology suite in order to capture

Fig.7.2 Transverse view on ultrasound of a dilated right Stensen’s duct with obstruction at the ostium (a); a left dilated
Stensen’s duct with thickened duct wall (b)
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an acceptable image. In a large review of 1349
sialograms performed on patients with obstruc-
tive symptoms, Ngu et al. found that 64% demon-
strated ductal anomalies, 23% of which were
ductal strictures. Of the 198 cases of ductal stric-
ture, 66% were single site, 33% were multiple
sites, and 7% were bilateral. The authors noted
that patients with stricture were predominantly
female (72%) with a mean age of 52 years [§].
MR sialography provides a virtual image of the
salivary ductal system using a T2-weighted algo-
rithm which enhances water-containing fluids
such as saliva. MR sialography is noninvasive but
requires expertise in the technique and may be
more expensive than other currently available
modalities. A series of patients with obstructive
sialadenitis imaged with MR sialography found
that the technique was 100% sensitive and 93%
specific for patients found to have ductal stenosis
on sialendoscopy [9]. MR sialography may there-
fore be an underutilized technique in the evalua-
tion of patients with ductal scar.

Identification and Classification
of Ductal Scar: Diagnostic
Sialendoscopy

Diagnostic Sialendoscopy

Diagnostic sialendoscopy is the next appropriate
step in a patient who presents with obstructive
symptoms and imaging consistent with ductal
scar. Diagnostic sialendoscopy is the only means
to confirm the diagnosis of ductal scar via direct
visualization. In addition to confirming the diag-
nosis, the type and extent of the ductal scar can be
characterized in order to inform the subsequent
treatment approach. Diagnostic sialendoscopy is
frequently performed as a stand-alone procedure
in an awake patient at European salivary cen-
ters. In North America, diagnostic sialendoscopy
is more often performed under general anes-
thesia in an ambulatory operative setting [10].
Performing diagnostic sialendoscopy under gen-
eral anesthesia has several advantages but a few
disadvantages compared to office-based diagnos-
tic sialendoscopy (Table 7.1).

Table 7.1 Comparison of in-office and operating room
sialendoscopy

Operating

Clinical factor In-office room
Cannulation success + ++
Patient tolerance + ++
Scope damage prevention — +
Single treatment + ++
Multiple gland involvement + ++
Therapeutic intervention + ++
Incisional approach + ++
Resource allocation ++ -
Expense ++ -

Excellent (++); good (+); below average (—)

The sialendoscopist should document the
appearance and character of the salivary duct
papilla and ostium. The oral mucosa surrounding
the papilla may be thin and atrophic or inflamed
and hypertrophic. The ostium is readily identified
under loop magnification if saliva flows from the
ostium with gland massage. If salivary flow is
limited or the tissues atrophic, ostial identifica-
tion is aided by applying a thin layer of methy-
lene blue to the papilla while vigorously milking
the gland under microscopic visualization. The
smallest salivary dilator is then introduced into
the ostium, followed by progressively larger dila-
tors. The dilator needs to be inserted for only
2-3 mm or just enough to allow the ostium to
accommodate the diagnostic sialendoscope
(0.8 mm outer diameter Erlangen or Marchal
salivary endoscope, Karl Storz, Tuttlingen,
Germany). Overly deep or aggressive dilation
may lead to inadvertent perforation of stiff and
brittle ductal scar which is often present in the
distal main duct.

The ostium itself, which is the narrowest point
of a normal duct, may be a site of ductal scar in
up to 20% of cases. In such cases, the ostium can-
not be effectively dilated to allow scope insertion
[3]. Attempts can be made to pass a guidewire
followed by dilation over the wire using a dispos-
able salivary dilator kit (Cook Medical,
Bloomington, IN, USA) (Fig. 7.3). However, a
combined “cut-down” approach must be consid-
ered in the event that neither dilator nor guide-
wire cannulation is feasible.
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Fig. 7.3 Dilation of right Wharton’s duct with guidewire
and malleable dilator set

Classification of Ductal Scar

Once scar tissue within the ductal system is con-
firmed with diagnostic sialendoscopy, the sialen-
doscopist surveys the ostium, main duct, hilum,
and intraglandular ducts in order to fully describe
the severity and extent of the disorder. A com-
plete diagnostic endoscopy identifies sites in
need of therapeutic intervention, along with the
techniques that will be needed to treat the affected
ductal segment. In addition, the survey has prog-
nostic significance since patients with limited,
short, thin scars respond better long-term than
patient with long segment or dense scarring.

The goal of diagnostic sialendoscopy is a com-
plete description of the ductal scar (Table 7.2). At
the very least, this should include a description
of the ductal tissue, the presence of stricture ver-
sus stenosis, as well as the location, grade, and
length of the scar. Ductal tissue may be inflamed
with fuzzy pinkish edema of the ductal wall with
increased vascularity, or white, and atrophic
with loss of vascular markings. It is common
for the tip of the endoscope to produce streaks
of de-epithelization in atrophic scarred ducts.
A stricture is usually a short segment of intra-
luminal scar with either a complete blockage
or pinhole lumen. A stenosis is a long segment
circumferential narrowing of the ductal lumen.
The location of the scar should be described
anatomically by ductal site (ostium, main duct,
hilum, intraglandular duct) and distance from the

Table 7.2 Description of salivary duct scar tissue

Factor Description

Tissue color  Pink salmon/thin vessels
Pale/avascular
Erythematous/red/dilated vessels

Tissue Pliable

consistency  Stiff

Scar location Ostium
Main duct (distal)
Main duct (proximal)
Hilum
Intraglandular duct

Scar distance Centimeters

from ostium

Scar type Stricture
Stenosis

Scar grade 1 (0-50% stenosis, 1.3 mm scope)
2 (50-70% stenosis, 1.1 mm scope)
3 (70-99% stenosis, 0.8 mm scope)
4 (100%)

Scar extent SO no stenosis
S1 one or more diaphragmatic stenoses
S2 single stenosis, main duct
S3 multiple stenosis or complete main

duct
S4 diffuse (main duct and
intraglandular)
Scar Type 1 inflammatory
inflammation Type 2 web stenosis, segmental

dilations
Type 3 fibrotic, long-segment stenosis

ostium. Distance from the ostium can be conve-
niently measured using the laser markings that
are placed at each centimeter along the length
of the shaft of the salivary scope. In general, the
distal duct is within 2 cm of the ostium, the main
duct 24 cm, the perihilar area 4—6 cm, and the
intraglandular region beyond 6 cm. In addition, it
should be noted if the scar tissue involves a single
or multiple sites and whether it is a short (<1 cm),
intermediate (1-3 cm), or diffuse (>3 cm or mul-
tiple segments) stenosis [11].

In order to provide an accurate description
of the scar, the sialendoscopist must be famil-
iar with the diameter of different salivary scopes
in relation to average ductal diameters. The
Erlangen Salivary Scope system (Karl Storz,
Tuttlingen, Germany) comes in three diameters
including a 0.8 mm diagnostic scope and two
therapeutic scopes of 1.1 mm and 1.6 mm diame-
ter with working channels. The Marchal Salivary
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Scope system (Karl Storz, Tuttlingen, Germany)
includes a 0.89 mm diagnostic scope and three
therapeutic scopes of 1.1, 1.3, and 1.6 mm diam-
eter. Knowing that ductal scar rarely causes
symptoms if the ductal lumen is greater than
1.5 mm in diameter, a gland does not have patho-
logic stenosis if the main duct can accommodate
passage of a 1.6 mm scope. In general, it is best
to begin salivary endoscopy with the narrow
diagnostic scope in order to dilate the duct with
saline and prepare the way for the larger thera-
peutic scopes. Assuming the luminal diameter of
the normal duct is between 2.0 and 2.5 mm, ease
of passage of the various salivary scopes can be
used as a quick and dirty guide for estimating the
diameter of the lumen. If the 0.8 mm scope can-
not pass easily, meets significant resistance, or
creates drag on the ductal wall, the ductal diam-
eter is 0.8 mm or less (>66% stenosis). If the
1.1 mm scope cannot pass easily, the stenosis is
estimated at 50% or greater, whereas inability to
pass a 1.6 mm scope indicates a 33% stenosis. If
a stricture with a small opening is encountered,
the diameter of the opening can be estimated by
placing the tip of the scope against the pinhole
and estimating its diameter compared to the
known diameter of endoscope (minus the work-
ing and irrigating channel). Pinholes that do
not allow passage of a salivary guidewire have
a diameter less than 0.4 mm (85% stenosis). A
convenient grading system to use that is familiar
to otolaryngologist is the grading system for tra-
cheal stenosis [12]. In such a description, Grade
1 is a luminal stenosis of 50% or less (allows
passage of 1.3 mm scope); Grade 2 is a stenosis
of 50-70% (allows passage of 1.1 mm scope);
Grade 3 is a stenosis of 70-99% (0.8 mm scope
can pass or pinhole seen); and Grade 4 is a 100%
blockage (no lumen).

Several sophisticated classification systems of
salivary duct scar have been proposed. One
descriptive classification system that focuses on
the extent of the stenosis is the L, S, D (lithiasis,
stenosis, dilation) grading Scheme [13]. In this
system, a given salivary duct can be classified as
S0, no stenosis; S1, one or more diaphragmatic
stenoses; S2, single stenosis of the main duct; S3,
multiple stenoses of the main duct, or a single

stenosis involving the entire main duct; and S4,
generalized or diffuse duct stenosis. Another
classification system seeks to describe various
tissue types that are associated with ductal scar.
In this system, Type 1 stenosis is characterized by
an inflamed, hyperemic ductal system; Type 2 is
weblike ring stenosis with associated dilated duc-
tal segments; and Type 3 is a longer segment,
fibrotic salivary duct [11]. The relative frequency
of tissue types encountered at a major European
salivary center was 10% Type 1, 20% Type 2, and
70% Type 3. The authors of the tissue type clas-
sification scheme propose that the Type 1 may be
a predecessor to the Type 3.

Classification systems have the most utility if
they, similar to tumor staging, lend insight into
the cause of a disorder, the optimal treatment
plan, or the prognosis of the patient. The present
classification schemes are predominantly descrip-
tive and have not been fully validated to deter-
mine how they inform treatment decisions or
prognosis. After a mean follow-up of greater than
8 years, Koch et al. noted that all three tissue
types of stenosis had significant improvement in
symptoms; however patients with Type 3 stenosis
experience lower rates of pain (16%) compared
to Type 1 (23%) and Type 2 (27%) [14]. This
finding suggests that Type 1 and 2 stenoses may
represent an ongoing disorder, whereas Type 3
represents an end-stage process.

Management of Salivary Duct Scar
Conservative Management

The initial treatment of obstructive sialadenitis
involves conservative measures designed to stim-
ulate salivary flow and reduce inflammation
including increased hydration, avoidance of dry-
ing medications and ingestions, sialagogues,
warm compresses, anti-inflammatory medica-
tions, and massage of the affected gland.
Mucolytics may be of benefit in patients who
present with thick or gooey saliva. Antibiotics
may be required if bacterial infection is sus-
pected. Conservative management should be
attempted for the first two to three swelling
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episodes, but more frequent episodes suggest the
need for greater intervention. Most patients will
have undergone unsuccessful conservative man-
agement by the time that they present to a sali-
vary surgeon.

Endoscopic Approach

In cases where conservative management fails
and patient symptoms are severe, surgical exci-
sion of the salivary gland has historically been
the mainstay of definitive treatment but has
largely lost favor in the era of gland-preserving
endoscopic techniques. In North America, thera-
peutic sialendoscopy is routinely performed in an
ambulatory operative suite under general anes-
thesia immediately after diagnostic sialendos-
copy [10]. The surgeon cannot be 100% certain
of the diagnosis and treatment plan until a diag-
nostic survey of the ductal system is complete. In
addition, the therapeutic intervention may be as
brief as 30 min or as long as 2 h depending on the
severity of the underlying disorder. As a rule of
thumb, most gland-preserving surgeries can be
performed in 90 min or less; therefore this
appears to be an appropriate posting time to allow
the surgeon to complete the intervention without
feeling excessively rushed. Nasal intubation
facilitates exposure of the floor of mouth and
submandibular duct, whereas the parotid duct
and buccal space can be adequately accessed
with standard oral intubation.

The surgeon must have available a wide range
of accessory equipment to effectively manage
salivary duct scar and be prepared for a variety of
endoscopic and open approaches for treatment.
In addition to salivary scopes and video system,
other helpful tools include a variety of salivary
dilator sets, operating microscope, intraoperative
ultrasound machine, facial nerve integrity moni-
tor, salivary guidewire with malleable dilators,
micro hand drill, salivary baskets, salivary duct
balloons, and a salivary stent. The sialendoscopist
must also know the diameter of the scope work-
ing channel in relationship to the instruments
that may be needed during the procedure. For
example, the 1.1 mm salivary endoscopes have

a 0.45 mm working channel that allows passage
of endoscopic guidewires, micro hand drills, bas-
kets, and holmium YAG laser fibers (200 microm-
eter diameter). The larger 1.6 mm scope with
a 0.85 mm working channel is required for use
of micro forceps and balloons (0.8 mm diame-
ter). In practice, this makes it difficult to use the
micro forceps or balloon during the treatment of
ductal scar since it is often impossible to pass a
1.6 mm sialendoscope through a stenosed duct.
With practice, balloons can be passed alongside
a smaller scope to reach scar within the main
duct. Currently, there are commercially available
stents made by various manufacturers (Hood
Laboratories, Pembroke, MA; Sialo Technology,
Ashkelon, Israel), although surgeons often prefer
to fashion their own stents with a 16 (1.65 mm
outer diameter) or 18 (1.27 mm outer diameter)
gauge angiocatheter or a 1 mm pediatric feed-
ing tube. Although used on occasion to shatter
stones, lasers (holmium YAG contact laser) are
currently not favored in the treatment of ductal
scar tissue. In fact, the formation of ductal stric-
ture is a potential complication when used for
stones due to ductal wall damage from exces-
sive heat transmission. Using a laser to treat scar
could directly damage the duct wall and thereby
worsen the scar in the long run.

Salivary duct scar is often more amendable to
a purely endoscopic approach compared to sali-
vary stones. A large retrospective series found
that significantly more non-stone obstructions
could be treated with endoscopic approaches
alone compared to stones (77% vs. 17%) [15].
The list of ductal scar types amendable to endo-
scopic methods is outlined in Table 7.3. In
general, if the main duct is >50% (1.1 mm) of
the normal lumen, the duct can be dilated with
serial placement of progressively larger salivary
endoscopes (0.8 mm; 1.1 mm; 1.3 mm; 1.6 mm)
with associated hydrostatic dilation of saline
through the irrigation channel. If <50% of the
normal main duct lumen is present (<1.1 mm),
additional dilation with an endoscopic balloon
or guidewire with malleable dilator is necessary.
If a 99-100% stricture or diaphragmatic web is
encountered, the tip of a 0.8 mm endoscope or
a micro hand drill can be used in an attempt to
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Table 7.3 Management approach to different ductal scars

Scar type Scope size Intervention
Grade 1 1.1 mm, 1.3 mm, 1.6 mm e Serial passage of larger scopes
(lumen > 50%) e Hydrostatic dilation
Grade 2 1.1 mm ¢ Guidewire/malleable dilators
(lumen 30-50%) ¢ Endoscopic balloon
Grade 3/4 0.8 mm, 1.1 mm e Perforate scar with hand drill,
(<30% lumen) scope tip

¢ Guidewire/malleable dilators
Grade 3/4 Unable to pass scope ¢ Combined (incisional) approach
(<30% lumen) Unable to pass guidewire
Intraglandular 0.8 mm, 1.1 mm ¢ Scope tip dilation
(proximal/higher-order e Hydrostatic dilation
ducts) e Scope tip dilation

perforate the stricture into the lumen beyond. The
jaws of endoscopic forceps can be used to stretch
a scarred segment when open and can carefully
debride loose strands of scar tissue in the lumen.
This creates a passage for a guidewire that will
allow passage of progressively larger malleable
dilators. Additional dilation is then performed by
passing progressively larger scopes through the
now dilated segment. If a 5F (1.67 mm diameter)
or 1.6 mm scope can be passed through the main
duct, it is unlikely that the patient will have per-
sistent obstructive symptoms as long as the scar
does not reform. Diffuse scar tissue (S4 classifi-
cation) extends beyond the main duct, and hilum
occurs in approximately 15% of cases of parotid
scar and 20% of cases of submandibular scar [14,
16]. When scar is in the intraglandular ductal
system beyond the hilum, the surgeon will try to
maneuver the tip of an 0.8 mm salivary scope into
each second and third order duct in order to pro-
vide direct hydrostatic dilation. This will prepare
the way for a 1.1 mm salivary scope with working
channel to dilate each second and third order duct
with an endoscopic basket. The basket is passed
into the narrow duct while closed and then fully
opened and used to dilate the duct with a gentle
back and forth motion. It is important to massage
and empty the gland when scopes are removed or
exchanged in order to prevent overfilling of irri-
gation that could lead to duct rupture.

At the conclusion of the dilation, a steroid
solution (5 ml of 10 mg/mL triamcinolone ace-
tonide) can be infused with an angiocatheter and
massaged into the gland to reduce glandular

swelling acutely and long-term scar formation.
Steroids may be especially beneficial in cases of
Type 1 inflammatory stenosis that presents with
ductal wall edema and hyperemia. If scar tissue is
localized in the ostium or main duct, the surgeon
may elect to insert a salivary stent at the conclu-
sion of the procedure, especially if the scar tissue
is high grade [3, 4] and at risk of reforming.
Although it is commonly advocated that a sali-
vary stent remain in place for 2-3 weeks, stents
often impede the flow of saliva and therefore may
precipitate salivary stasis, swelling, infection,
and discomfort. Due to ongoing symptoms, and
frequent dislodgement during mastication, stents
rarely remain in place for more than 1 week in the
majority of patients. Therefore, stents are best
avoided in patients who are likely to have suffi-
cient flow to maintain ductal patency.

One special group of disorders which has a
patient presentation similar to salivary duct scar
is ductal kinks first described by Nahlieli et al. [4]
Ductal kinks are functional obstructions of the
duct from external compression, traction, or duc-
tal folds that create pinch points that impede nor-
mal salivary flow. Common causes of kinks
include congenitally redundant ductal folds,
external traction from scar tissue (trauma, post-
radiation, post-facelift, or skin cancer surgery),
or compression from surrounding tissues (man-
dibular tori, masseteric hypertrophy). In the
Nahlieli series, kinks diagnosed by sialography
were treated with a combination of hydrostatic or
balloon dilation with sialendoscopy or ductal
advancement procedures with 80% complete
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Fig. 7.4 Bilateral masseteric hypertrophy causing facial
swelling as viewed on MRI

resolution of symptoms at 8-36 months. One
type of kink which may mimic an obstructive
salivary disorder is produced from an acute bend
around a hypertrophied masseter muscle [4]. This
disorder should be suspected if imaging reveals
an enlarged masseter muscle and an associated
obstructed Stensen’s duct (Fig. 7.4). Patients with
this presentation should be evaluated for brux-
ism, temporomandibular joint disorder, or under-
lying disorders that may lead to muscle or
masseteric space hypertrophy (fibrous dysplasia,
rhabdomyoma, lymphangioma, myopathy). In
addition to immediate treatment of the ductal
kink with sialendoscopy and dilation, long-term
management includes therapy to reduce masse-
teric muscle bulk including oral bite appliances,
botulinum toxin type A, and selective debulking
of the muscle itself [17].

Tatrogenic ductal perforation is a potential
complication of endoscopic management of sali-
vary duct scar. The narrow, stiff scar tissue will
deflect a dilator or scope through the inelastic
ductal wall. Perforation rates may be as high as
10% during the initial 50-patient learning curve

but typically decrease to 2-3% with ongoing
experience [15, 18]. Perforations may be more
frequent when salivary endoscopy is performed
under general anesthesia since the surgeon can-
not note if the dilation is causing the patient sig-
nificant discomfort. Most perforations are due to
the initial blind dilation of a scarred ostium or
distal duct due to the pinched nature and acute
angulation of both Wharton’s and Stensen’s duct
at this location. Therefore, the surgeon must
exercise caution to not dilate an ostium is an
overly aggressive fashion when ductal scar is
suspected. The ostium should be dilated with
only the first 2-3 mm of the dilator tip in order to
allow enough opening to insert a salivary scope
so that the remainder of the dilation can be per-
formed under visualization. A perforation has
occurred if upon insertion of the scope, the sur-
geon sees fat or cobweb-like connective tissue or
notes swelling of the anterior cheek or floor of
mouth when irrigation is applied. If the perfora-
tion occurs in the distal parotid duct or ostium,
the first step is to stop the irrigation since the irri-
gation will fill the tissues surrounding the duct
resulting in worsening ductal collapse. Next, the
surgeon should slowly pull back the scope until
the tip is back in the duct and the perforation
visualized. Lastly, the true lumen can be visual-
ized as a slit adjacent to the perforation. Placing
a guidewire down the natural lumen reestab-
lishes this pathway and serves as a guide to mal-
leable dilators. The dilators enlarge the duct to a
sufficient size to accommodate a scope and make
the natural lumen, and not the perforation, the
pathway of least resistance. The surgeon can
then address pathology proximal to the perfora-
tion while applying gentle pressure to the skin
overlying the perforation site in order to limit
egress of saline irrigation into the surrounding
soft tissues. Placement of a stent to bridge the
area of the perforation is advised in order to
reduce the potential for sialocele or fistula. With
early recognition and appropriate management,
the perforation will have little effect on long-
term outcome. As opposed to the parotid duct,
perforations of Wharton’s duct are more readily
managed by incising the overlying mucosa
which allows egress of the collecting fluid and
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access to the duct which can be opened with a
formal sialodochoplasty through the site of per-
foration. Salivary scopes can then be passed
through the dichotomy to treat more proximal
regions of the duct [18].

Postoperative care will generally consist of a
short course of oral steroids (prednisone 40 mg/
day for 3 days) and increased hydration and gland
massage for 1-2 weeks. A week of antibiotics
(amoxicillin/clavulanic acid) is indicated in the
presence of underlying purulent or inflammatory
exudate or in the event of perforation or inci-
sional approach. Some patients may require 1 or
2 days of narcotic analgesics; however a nonste-
roidal analgesic suffices for most patients.

Combined Approach

The combined approach involves the use of
sialendoscopy in combination with strategically
placed incisions to repair ductal pathology that
is not amendable to endoscopic treatment alone.
The combined approach may be needed in cases
of Grade 3 or 4 scar of the ostium or main duct
which does not allow passage of a guidewire.
Certain types of ductal kinks and Type 2 web
stenoses with associated megaduct respond well
to this approach. Performing gland-preserving
surgery under general anesthesia in the ambula-
tory setting allows the surgeon a certain amount
of flexibility and eases the transition from an
endoscopic to combined approach with maximal
patient comfort.

The combined approach is used more often
for Wharton’s than Stensen’s duct due to
straightforward access to this duct underneath
the floor of mouth mucosa. If ostial dilation is
not possible due to scar, a limited distal sialo-
dochoplasty is a rapid and reliable method of
gaining access to Wharton’s duct [19]. A 1 cm
incision is made through the mucosa along the
lingual surface of the salivary crest posterior and
lateral to the papilla. Blunt dissection is used to
identify the distal Wharton’s duct which can be
gently retracted with forceps or rubber vessel
loop retractor (Fig. 7.5). A 2-3 mm slit is then
made in the superior surface of the duct with an

Fig. 7.5 Retraction of left Wharton’s duct with vessel
loop

11 blade. The duct wall is then secured to the
surrounding floor of mouth mucosa with two
or three 4.0 Vicryl sutures thereby effectively
bypassing the ostial scar. The scope is then
inserted through the dochotomy to examine the
proximal ductal segments.

The entire Wharton’s duct can be approached
in a similar fashion from the ostium to the hilum
along the posterior border of the mylohyoid
should sialendoscopy reveal a Grade 3 or 4 steno-
sis or long-segment stenosis not amendable to
endoscopic management. The area of the scar is
marked on the floor of the mouth by noting the
transillumination of the salivary endoscope. An
incision is made through the mucosa only in the
floor of the mouth medial to the sublingual gland.
Incision of the sublingual should be avoided to
prevent later ranula formation. Wharton’s duct,
which has been expanded with irrigation from the
salivary scope, can be identified with blunt dis-
section running along the medial border of the
sublingual gland. The superior surface of the
scarred ductal segment can then be filleted open
with an 11 blade and ball-tipped scissors until
normal ductal lumen is encountered. Incisional
along the superior surface of the duct avoids
trauma to the branches of the lingual nerve which
pass lateral to medial underneath Wharton’s duct.
Once normal lumen is encountered, the open duct
is sutured to the surrounding floor of mouth
mucosa with interrupted 4.0 Vicryl sutures.
Stenting of the opening is left to the discretion of
the surgeon but is generally not needed if good
salivary flow is anticipated. The sialendoscope is
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then passed through the sialodochoplasty into the
hilum and proximal ductal system to assess for
additional pathology. A similar approach can be
used when treating kinks from a redundant duct.
In the approach described by Nabhlieli et al., an
anterior floor of mouth incision is used to access
Wharton’s duct which is then bluntly dissected
from surrounding tissues [4]. The freed duct is
pulled forward to excise a segment of redundant
duct followed by securing the lumen of the proxi-
mal stump to the floor of mouth mucosa thereby
creating sufficient tension on the remaining duct
to straighten the kinks and allow unimpeded sali-
vary flow.

Scarring of the parotid ostia is less frequent
due to a better formed papilla but is a more diffi-
cult problem when it does occur. There are three
methods by which to access the duct: [1] method
of Foletti with semicircular incision, [2] method
of Marchal circular incision, and [3] transfacial
approach [20]. The least invasive of the three is
the method of Foletti. A semicircular incision is
made in the buccal mucosa 5 mm anterior to the
parotid papilla. The incision extends through the
underlying buccinator muscle fibers. This
approach essentially opens a window into the
buccal space that allows visualization of the dis-
tal Stensen’s duct as it makes its 90° turn into the
oral cavity. Vicryl sutures can be placed in the
papillary mucosa and anterior to the incision to
retract the incision thereby allowing for wider
visualization. Blunt dissection is then used to
identify the distal segment of Stensen’s duct and
separate it from the surrounding buccal fat and
soft tissue. A limited dichotomy of 3 mm can
then be made with an 11 blade under magnified
visualization. The diagnostic scope is then
inserted to examine the proximal Stensen’s duct
and hilum. Attempts can be made to angle the
scope retrograde to examine the distal duct and
ostium, followed by threading of a guidewire
(0.4 mm salivary guidewire, Cook Medical,
Bloomington, IN, USA) to allow dilation and
stenting of the stenosed distal duct and ostium. If
this is not feasible due to severe or dense scar, or
difficult angulation, the approach can be con-
verted to the circular incisional approach of
Marchal.

Fig. 7.6 Circumferential incision around left parotid
ostium to gain access to distal Stensen’s duct

In the Marchal approach, the mucosal incision
is completed circumferentially around the papilla
taking care to leave a 5 mm cuff of tissue
(Fig. 7.6). Several Vicryl suspension sutures are
placed in the peri-papillary mucosa, and the
underlying buccinator muscle is incised in a simi-
lar circular manner. Blunt dissection is then used
to deliver the ostium and distal duct into the oral
cavity. The scarred distal duct and ostium are
then excised and the more normal caliber proxi-
mal duct opened with a 1.0 cm slit along the
medial surface with ball-tipped scissors or 11
blade under microscopic visualization. Limiting
the incision to the medial surface protects the dis-
tal buccinator branch of the facial nerve. The
opened duct wall is then sutured with sialodocho-
plasty to the surrounding buccal mucosa with 4.0
Vicryl suture, although some surgeons prefer 4.0
or 5.0 Monocryl or nylon suture with the thought
that it will reduce tissue reaction and prevent ste-
nosis or the neo-ostium. Stenting of the duct for
2-3 weeks postoperatively is needed in order to
maintain the neo-ostium. This approach commits
the patient to regular follow-up with serial in-
office dilations in order to maintain the long-term
patency of the neo-ostium.

A modification of the Marchal approach, the
“pull-through sialodochoplasty,” is particularly
useful when treating a distal ductal stricture with
associated megaduct (Fig. 7.7). Type 2 stenoses
of weblike rings alternating with dilations have a
tendency to form megaducts due to a reservoir
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Fig. 7.7 Right parotid megaduct as viewed on MRI (a)
and left Stensen’s megaduct as seen on ultrasound (b)

effect [14, 21]. Megaducts are defined as
Stensen’s ducts with diameters exceeding 10 mm,
often with thin walls that further contribute to the
gland’s weak excretory force [14, 22]. In addition
to the obstructive symptoms, megaducts pose a
cosmetic problem as they frequently appear as a
bulge on the patient’s cheek further reducing the
patient’s quality of life [14]. In pull-through
sialodochoplasty, a flexible guidewire is passed
through the area of stenosis into the megaduct
under direct visualization with an endoscope or
transcutaneous visualization via ultrasound. A

series of malleable flexible dilators (salivary
access dilator set, Cook Medical, Bloomington,
IN) are placed over the guidewire through the ste-
nosis and into the megaduct (Fig. 7.8). A 4.0
Vicryl suture is then passed through the buccal
mucosa adjacent to the ostium to allow traction
on Stensen’s duct. Megaduct dissection is per-
formed by making a circumferential incision
around the parotid ostia through the buccinator
muscle. Additional blunt and sharp dissection is
performed along the contour of the dilator to free
the distal aspect of Stenson’s duct. The megaduct
is then pulled through the incision into the oral
cavity. Kitner dissection is helpful to free the duct
from the facial soft tissues. The megaduct is fil-
leted open with a 15 blade or ball-tipped scissors
through the ostium, stenosis, and megaduct along
the medial surface of the duct in order to avoid
buccal branches of the facial nerve. The wall of
the megaduct is then sutured to the surrounding
buccal mucosa with interrupted 4.0 Vicryl
sutures. The scarred distal duct is excised. The
integrity of the duct is confirmed by the salivary
endoscope followed by placement of a salivary
stent over a guidewire if there is any concern that
the neo-ostium is narrow and might stenosis.
The method of Folletti and Marchal is indi-
cated for short-segment scars of the ostium and
distal 1-2 cm of Stenson’s duct. If the scar
extends beyond 2 cm or onto the anterior surface
of the masseter muscle, a transfacial approach
may be required [23]. A facial nerve integrity
monitor is placed in the region of the ipsilateral
upper lip in order to capture stimulation of the
buccal branch of the facial nerve which is at
greatest risk during this approach. The preauricu-
lar skin is incised with a modified Blair incision.
The skin and subcutaneous tissue is raised over
the parotid fascia to the distal border of the gland
where the main Stenson’s duct is found by direct
visualization or intraoperative ultrasound. After
isolating the main duct with blunt dissection, a
2-3 mm dichotomy can be opened in a segment
of duct clear of nerve branches to allow passage
of a scope into the proximal duct, hilum, and
intraglandular ductal system (Fig. 7.9). The scope
can then be passed in retrograde fashion in an
attempt to find a passage to the distal duct and
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Fig. 7.8 Pull-through sialodochoplasty for Stensen’s
megaduct: a guidewire and dilator are passed through
ostium (a); a circumferential incision is made through
buccinator and the distal duct is pulled into the mouth (b);

ostium to dilate and stent. Once a stent is placed
between the ostium and dichotomy site, the
dichotomy is closed with a 5.0 Monocryl suture.
The incision is then closed, typically without a
drain, and a pressure dressing is applied for 72 h
to prevent salivary leak. Advanced microvascular
techniques may be required in the event of com-

the megaduct is opened on its medial surface (c); the
megaduct wall is sutured to the buccal mucosa to make a
neo-ostium (d)

plete Stensen’s duct stricture (Grade 4) that does
not allow passage of a scope or guidewire. Short
segments of less than 5 mm can be treated by
excision with end-to-end anastomosis. Longer
segments have been successfully reconstructed
using a vein graft from the external jugular or
facial vein using 8.0-10.0 monofilament nylon
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Fig. 7.9 Transfacial placement of scope to examine dis-
tal Stensen’s duct

suture [24]. The vein graft can be sewn into the
duct wall as a patch if the duct wall has enough
integrity or can be sewn end-to-end as a tubular
graft. Prolonged ductal stenting of 3—4 weeks is
required until the anastomosis is fully healed.

Salvage Therapy

Despite the best efforts of sialendoscopy, certain
cases of severe (Grade 4 stenosis) or diffuse scar
(S4) disease are not amendable to gland preserva-
tion. Gland preservation is more difficult in sys-
temic or multi-glandular inflammatory disorders
such as Sjogren’s syndrome that continue
unabated and affect the gland parenchyma in
addition to the ductal system. The goal of the sur-
geon is to maintain a functional gland while min-
imizing symptoms for as long as feasible. If the
patient symptoms continue or worsen after first-
line gland-preserving approaches, the surgeon
and patient may choose to chemically or surgi-
cally silence the symptomatic gland. Although

anticholinergic drugs such as robinul and scopol-
amine reduce symptoms by reducing salivary
production, the systemic nature of these medica-
tions affects other normal functioning glands and
thereby increases the likelihood of xerostomia.

Botulinum toxin is a first-line alternative for
symptomatic patients with glandular obstruc-
tion who are no longer considered candi-
dates for gland preservation. Botulinum toxin
chemically silences the gland by blocking the
acetylcholine-mediated parasympathetic stimu-
lation of salivary flow. By reducing salivary flow,
the obstruction lessens and patient symptoms
improve. Botulinum toxin provides additional
anti-inflammatory effects reducing glutamate
and substance P pain signaling [25]. Although
botulinum toxin has only been recently applied
to salivary obstructive disorders, it has been
shown highly effective in patients with sialor-
rhea and has become the first-line treatment of
choice for this disorder [26]. Botulinum toxin
(100 units in 2 mL saline) is injected into two
or three sites in the symptomatic gland under
ultrasound guidance. Ultrasound ensures that
the therapy is delivered into the gland thereby
avoiding inadvertent injection of local muscle
groups which could result in difficulties with
speech and swallowing. Although the effect
of the botulinum toxin is expected to last only
3—4 months, many patients experience longer
periods of relief between injections. Often a
patient with an end-stage scar may only need
one or two injections before the gland become
quiescent from natural involution.

Transoral duct ligation is an alternative if bot-
ulinum toxin is not available or repeated injec-
tions are required. Transoral duct ligation has
been shown to provide more reliable and long-
lasting relief of drooling compared to botulinum
toxin [27, 28]. Following ligation, the gland may
demonstrate temporary worsening in swelling
and obstructive symptoms that reduce over time
as the gland involutes. The expected postopera-
tive swelling can be mitigated by botulinum toxin
injection at the time of ligation and/or a course of
oral steroids and bland diet. Ultimately a small
percentage of patients (<5%) progress to sial-
endectomy due to persistent symptoms and/or
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complications of salivary obstruction including
glandular abscess.

Outcomes

Several large series have shown excellent long-
term outcomes with gland-preserving therapy for
salivary duct scar. In a series of 82 patients with 98
parotid duct stenoses treated with sialendoscopy,
significant improvement was noted in symptoms
and quality of life as measured by visual analog
scale after a mean follow-up time of 98 months
[14]. Although improved, 50% of patients contin-
ued to have low-grade swelling and 20% recur-
rent pain. No patient required gland resection;
however 10% underwent repeat sialendoscopy.
A separate large series of 206 patients with both
stone and non-stone obstruction, most of which
was due to ductal scar, observed improvement in
both the stone (96%) and non-stone (81%) groups
by patient report after sialendoscopy [15]. When
compared to the stone group, non-stone obstruc-
tions were associated with significantly higher
rates of persistent symptoms (59% vs. 34%) and
lower quality of life as measured by a modified
oral health outcome survey. There was no higher
rate in repeat surgery (6% vs. 13%) or gland exci-
sion (8% vs. 9%) in the stone group compared
to the non-stone group. In summary, gland-pre-
serving therapy for salivary duct scar results in
a significant improvement in symptoms for most
patients while avoiding the risks and complica-
tions of sialendectomy. Ongoing follow-up is
required however due to an expected persistence
of low-grade symptoms.

Future Directions

Gland-preserving therapy for salivary duct
scar has undergone tremendous advancement
in the past 20 years and will continue into the
future with ongoing refinement of technique
and instrumentation. Greater understanding of
the etiologies of salivary duct scar will lead to
improved medical therapy for these disorders.
Advancements in imaging will allow for virtual

sialendoscopy in order to improve diagnosis and
surgical planning [29]. Placement of specially
designed indwelling stents, similar to those used
for coronary occlusion, by sialendoscopy or
fluoroscopy may become an option for difficult
or recurrent ductal scars. Resorbable or drug-
eluting stents may become commonplace and
help to reduce sources of ongoing inflammation
[30]. With such improvements, gland-preserving
therapy will become more commonplace and
more widely accepted for salivary duct scar.

References

1. Marchal F, Dulguerov P. Sialolithiasis management:
the 