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ORIGINAL RESEARCH
HEAD & NECK

The Diagnostic Accuracy of Contrast-Enhanced CT of the Neck
for the Investigation of Sialolithiasis

Y.M. Purcell, "“R.G. Kavanagh, “*’A.M. Cahalane, “*A.G. Carroll, “S.G. Khoo, and “*R.P. Killeen

ABSTRACT

BACKGROUND AND PURPOSE: Sialolithiasis is a common benign pathology affecting the salivary glands but it is unclear if contrast-
enhanced CT, which is commonly used for investigation of head and neck pathology, can identify calculi as accurately as noncontrast CT.
The aim of this study was to assess the diagnostic accuracy of contrast-enhanced CT of the neck in the diagnosis of sialolithiasis compared
with noncontrast CT of the neck used as the criterion standard.

MATERIALS AND METHODS: This was a retrospective, case-control study of 92 consecutive cases in 90 patients who underwent both
noncontrast CT of the neck and contrast-enhanced CT of the neck in 2 tertiary referral centers from January 2011 to December 2015 for
investigation of sialolithiasis. Axial 3-mm-section images were assessed by a fellowship-trained diagnostic neuroradiologist and diagnostic
neuroradiology fellow in consensus. Blinded assessment of the contrast-enhanced CT of the neck was performed first, followed by
noncontrast CT of the neck after a 2-week interval. The presence or absence of a stone and stone location and size were documented.
Statistical analysis was undertaken to assess the agreement between CT protocols and calculate the sensitivity and specificity of contrast-
enhanced CT of the neck.

RESULTS: Fifty calculi were identified on noncontrast CT of the neck in 31 cases; and 48 calculi, in 31 cases on contrast-enhanced CT of the
neck. No calculi were identified in the remaining 61 cases. The sensitivity and specificity of contrast-enhanced CT of the neck in the
detection of sialolithiasis was 96% (95% Cl, 86.3%—99.5%) and 100% (95% Cl, 94.1%—-100%), respectively. The positive predictive value of
contrast-enhanced CT of the neck was 100% (95% Cl, 92.6%-100%), and the negative predictive value was 96.8% (95% Cl, 89%-99.6%). The
accuracy of contrast-enhanced CT of the neck in diagnosing the presence or absence of salivary calculi was 98%.

CONCLUSIONS: Contrast-enhanced CT of the neck is accurate in the detection of sialolithiasis, with no difference in diagnostic accuracy

compared with noncontrast CT of the neck.

ABBREVIATIONS: CECTN = contrast-enhanced CT of the neck; NCCTN = noncontrast CT of the neck

Sialolithiasis is defined as the formation of calculi within the
salivary glands." It is the most common non-neoplastic con-
dition that affects them. Calculi, which are often multiple, cause
partial or complete obstruction of the salivary duct, resulting in
obstructive sialadenitis, which may manifest as acute or chronic
unilateral gland swelling and pain.”® Symptoms typically arise
during eating because chewing food precipitates salivation.”
Sialadenitis can be complicated by bacterial infection and abscess
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formation.”® While calculi in the distal submandibular duct may
be readily detectable clinically by bimanual palpation, calculi in
the proximal submandibular duct or gland and parotid duct or
gland depend on imaging for diagnosis.®

Noncontrast CT of the neck (NCCTN) has been recom-
mended for the evaluation of salivary calculi because it is sensitive
for the detection of calcifications.” One of the drawbacks of
NCCTN is that it provides less detail of duct dilation and intra-
ductal or glandular pathology than contrast-enhanced CT of the
neck (CECTN)."® Traditionally, the use of CECTN in this setting
has been in addition to the NCCTN rather than as a stand-alone
test.'! Concerns have been raised that on CECTN, blood vessels
may simulate small sialoliths and lead to a false-positive diagnosis
or reduce diagnostic certainty.”'' CECTN has been used for the
evaluation of complicated stone disease in a suspected abscess or
an inflammatory process after calculi have been identified on
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Patient demographics

Image Analysis

No Stone P The NCCTN and CECTN were reviewed
Demographics (n = 92) All(n=92) Stone (n = 31) (n=61) Value by both a fellowship-trained diagnostic
Mean age (range) (yr) 50 (20-85) 50 (20-79) 49 (20-85) 76 neuroradiologist and a diagnostic neu-
Sex (M/F) (%) 43:57 48:52 41:59 .52 diologv fellow i Th
el canaalEa) roradiology fellow in consensus. The re-
H&N 79.3% (73/92) 83.9% (26/31) 77% (47/6)) viewers were blinded to patient details
ED 15.2% (14/92) 12.9% (4/31) 16.4% (10/61) and formal radiology reports. Blinded
Other 5.4% (5/92) 3.2% (1/31) 6.6% (4/6]) review of the CECTN was performed
Stzniloca:;%”l(" - StO) 70% (35/50) first. Following a 2-week interval, a
UGT;?\Z RS 38‘7: (19/50) blinded interpretation of the NCCTN
Duct 32% (16/50) was performed. Three-millimeter axial
Parotid system 30% (15/50) images were inspected, with 3-mm cor-
Gland 24% (12/50) onal and sagittal reconstructions used
Duct 6% (3/50)

Note:—H&N indicates head and neck; ED, emergency department.

NCCTN.>'"!'* The use of NCCTN alone gives less detail of glan-
dular and periglandular inflammation.” The addition of CECTN,
however, will cause an increase in the patient radiation dose.
The purpose of this study was to determine the accuracy of
CECTN alone in the detection of salivary calculi compared with
NCCTN alone. A secondary objective was to calculate the patient
radiation dose when performing both NCCTN and CECTN.

MATERIALS AND METHODS

Subjects

This retrospective, case-control study was conducted at St. Vin-
cent’s University Hospital, a tertiary care, university-affiliated
medical center in Dublin, Ireland. The local institutional review
board approved this study and waived the requirement for written
informed consent.

An electronic search was performed of all consecutive CT neck
examinations performed during a 5-year period between January
1,2011, and December 31, 2015, using the search terms “calculus/
calculi,” “stone/stones,” and “sialolith.” Data were collected by
electronic query of the hospital Radiology Information System
and PACS.

The inclusion criteria were patients older than 16 years of age
who had both a NCCTN and CECTN performed during a single
visit for the investigation of suspected salivary stones.

CT Image Acquisition

NCCTN and CECTN were acquired on a 64-row multidetector
CT scanner (Somatom Sensation 64; Siemens, Erlangen, Ger-
many) in the craniocaudal direction with a collimation of 0.6 mm,
gantry rotation of 500 ms, and a pitch of 0.9. Automated dose-
control software was used with 120-kV(peak) and reference mil-
liampere-second (maximum, 200). For the CECTN, 100 mL of
nonionic, iodinated low-osmolar contrast medium (Niopam, io-
pamidol, 340 mg I/mL; Bracco Imaging, Milan, Italy) was injected
through a 20-ga or larger cannula, typically sited in the antecubital
fossa, at a rate of 2 mL/s with acquisition performed after a delay
of 60 seconds. Images for the NCCTN and CECTN were recon-
structed with a 512 X 512 matrix and a smooth kernel, with 3-mm
axial-section-thickness images set as standard and 3-mm coronal
and sagittal reformats. Images were reviewed with syngo Portal
Radiologist (Siemens).
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for problem-solving. The images were
reviewed on soft-tissue neck (center =
50 HU, width = 350 HU), angiographic
lumen (center = 100, width = 700), and bone (center = 500,
width = 1500) window settings to optimize detection of calculi.
These 3 standard window settings were adjusted manually for
every case as the reviewers saw fit. The reviewers recorded the
presence or absence of stones, stone location (submandibular or
parotid system, gland, or duct; anterior or posterior portion of the
duct), stone size, and number of stones. The size of each stone was
expressed as the maximal diameter determined on a single axial
section. In addition, we recorded the following data: patient de-
mographics (age and sex), the referral source, and the presence of
salivary gland masses in the study population.

Statistical Analysis

The accuracy of CECTN in determining the frequency and loca-
tion of salivary calculi was compared with that of NCCTN used as
the criterion standard. Descriptive values were used for patient
and stone demographics (actual values, percentages). Statistical
analysis was performed by using STATA Statistical Software, Re-
lease 12 (StataCorp, College Station, Texas). The sensitivity, spec-
ificity, and likelihood ratios were calculated for CECTN in the
detection of salivary calculi, with the 95% confidence interval cal-
culated as the measure of variance. The difference in the preva-
lence of sialolithiasis among different referrers was calculated
with the y* test of proportions.

RESULTS
Our search yielded 370 potential cases performed during the
5-year study period. Of these, 92 sets of CT examinations in 90
patients met the inclusion criteria: age older than 16 years and
both NCCTN and CECTN performed contemporaneously for the
investigation of suspected salivary stones (1 patient had 3 sets of
CT examinations) (Table). There were 38 male (42%) and 52
female (58%) patients with a mean age of 50 years (range, 20—85
years). Fifty calculi were identified in 31 patients on NCCTN (the
criterion standard), which gives a prevalence of 34%. One patient
had 8 calculi, 1 patient had 4 calculi, 1 patient had 3 calculi, 7
patients had 2 calculi, and 21 patients had 1 calculus. Calculi were
not present in 59/90 patients (61/92 total cases) on NCCTN.

On CECTN, all patients were correctly categorized as having
or not having salivary stones; 48 calculi were identified in 31 pa-
tients on CECTN compared with NCCT as the criterion standard.



FIG1. False-negative case. A, Noncontrast CT shows a 1-mm calculus in the superficial lobe of the
left parotid gland (arrow), missed on initial review of the CECTN, though it is present on axial (B)
and coronal (C, arrows) reconstructions. The distraction is an obstructing 3-mm calculus in the
right parotid gland (D, arrow). Note the surrounding intraglandular ductal dilation.

Zero calculi were identified in the remaining 59 patients on
CECTN (59/90 patients, 61/92 total cases).

The overall sensitivity of CECTN for the detection of salivary
stones was 96% (95% CI, 86.3%-99.5%), and the specificity was
100% (95% CI, 94.1%-100%). The positive predictive value of
CECT was 100% (95% CI, 92.6%-100%), and the negative pre-
dictive value was 96.8% (95% CI, 89%-99.6%). The positive like-
lihood ratio was infinity, and the negative likelihood ratio was
0.04 (95% CI, 0.01-0.16). The accuracy of CECTN in diagnosing
the presence or absence of salivary stones in our study was 98%.

Two calculi were notidentified on CECTN that were identified
on the criterion standard NCCTN. Both missed calculi were
asymptomatic. The first missed stone was a 1-mm calculus in the
left parotid gland in a patient with a symptomatic 3-mm calculus
in the right parotid gland (Fig 1A). This was visible on the CECTN
in hindsight but was not seen at the time of the review (Fig 1B). It
was also visible on the coronal reconstruction (Fig 1C). The sec-

ond missed stone was a 2-mm calculus
in the left parotid gland in a patient with
multiple bilateral calculi and calcified
lymph nodes, which, in retrospect, was
visible on the CECTN.

Of the 92 CT studies, 73 (79.3%) re-
ferrals came from head and neck sur-
gery; 14 (15.2%), from the emergency
department; and 5 (5.4%), from other
medical specialties (oncology, cardiol-
ogy, nephrology, gastroenterology). Of
the 73 referrals from head and neck sur-
gery, 26 had calculi, which is a preva-
lence of 35.6%. Four of the 14 emer-
gency department referrals and 1 of the 5
referrals from other sources had calculi,
giving a prevalence of 28.6% and 20%,
respectively. The difference in the prev-
alence of sialolithiasis among different
referrers was not statistically significant
using the x> test of proportions (P =
.44) (Table).

The exact locations of the 50 calculi
identified are outlined in the Table. Sev-
enty percent of the total calculi (35/50)
were in the submandibular system; 38%
(19/50), in the submandibular gland
and 32% (16/50), in the submandibular
duct. Thirty percent (15/50) of the total
calculi were in the parotid system; 24%
(12/50), in the parotid gland and 6% (3/
50), in the parotid duct. The calculi
ranged from 1 mm to 2 cm, with a mean
diameter of 6 = 5 mm.

We identified 3 masses: Fine-needle
aspiration was performed in 2 cases, and
the third case was lost to follow-up. Cy-
tology demonstrated a benign cyst con-
taining inflammatory debris, and the
other case was suggestive of an acute in-
flammatory process with inflammatory
cells and degenerate stromal elements.

The mean total dose-length product of the NCCTN was 290.8
mGy X c¢m, and of the CECTN, it was 366.9 mGy X cm. In pa-
tients having both CTs, the mean dose-length product was
692.7 £ 323.5 mGy X cm. If the NCCTN had been omitted from
each examination, the mean reduction in the effective dose would
have been 1.6 mSv, with a standard neck conversion factor of
0.0059, assuming the use of a head CT dose phantom of 16 cm.
This is a mean relative dose reduction of 42% per case.

DISCUSSION

Sialolithiasis is the most common benign disorder of the salivary
glands." Eighty percent to 90% of calculi are found in the subman-
dibular system, due to the more viscous, alkaline saliva and up-
ward drainage of the duct promoting stasis.'”'* Parotid and sub-
lingual calculi account for only 5%-10% and 0%-5% of cases,
respectively.'” In our study, 70% of the total calculi (35/50) were
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located in the submandibular system; 38% (19/50), in the sub-
mandibular gland and 32% (16/50), in the submandibular duct.
This figure is slightly less than rates published in the literature and
may be because we only imaged symptomatic patients; those with
small calculi may be asymptomatic or those with distal ductal
calculi may be clinically managed without imaging. Thirty per-
cent (15/50) of the total calculi were in the parotid system; 24%
(12/50), in the parotid gland and 6% (3/50), in the parotid duct.
Postmortem studies have indicated that the prevalence of salivary

10-16:17 The peak incidence oc-

calculi in the population is 1.2%.
curs from 30 to 60 years of age.” The mean patient age in our study
was 50 years, with a range of 25-85 years and a slight female
preponderance of 57% (Table), correlating with that in previously

published reports.'® Clinically symptomatic calculi are less fre-

FIG 2. Potential false-positives. A and B, Calcified lymph nodes. C, Bilateral calcification of the
stylohyoid ligaments (arrows). D, Calcification of the left stylohyoid ligament (arrow) with an

adjacent tonsillolith (asterisk) in the left palatine tonsil.

FIG 3. Potential false-negative. A, Axial contrast-enhanced CT. Significant streak artifacts in the
floor of the mouth due to dental amalgam. B, Single section inferiorly with windows adjusted
manually, revealing an obstructing calculus (arrow) in the right anterior submandibular duct. One
should be cautious when analyzing the floor of the mouth because this is a classic location for

obstructing submandibular duct calculi and can easily be missed.
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quent; an incidence of 27-59 cases per million population per year
was reported in a review of 15 health regions in England between
1991 and 1995, though a higher incidence rate than previously
reported was demonstrated in a nationwide population-based
study by Schreder et al,'® of 14.10 per 100,000 person-years.*'**
The prevalence of salivary calculi in our study was 34%. There was
no significant difference in stone prevalence between patient
groups referred by different specialties using the x2 test of pro-
portions (P = .44).

Imaging techniques available for investigation of salivary cal-
culi include conventional radiography, digital subtraction sialog-
raphy, sonography, CT, and MR sialography. Conventional radi-
ography is dependent on stone composition, and only about 20%
of calculi are radiopaque.”' The sensitivity of digital subtraction
sialography ranges from 96% to 100%,
and the specificity, from 88% to 91%.%*
It is contraindicated in the acute setting
due to the potential exacerbation of
symptoms associated with infection.”
Sonography has been reported to have
a sensitivity ranging from 59.1% to
93.7%, and a specificity, from 86.7% to
100%.>>*’ The sensitivity and specificity
of MR imaging sialography have been
reported to be 91% and 94%-97%,
respectively."”

CT of the neck with and without
contrast is given a rating of 5 by the
American College of Radiology, defined
as “may be appropriate,” in selected
cases if a sialolith is suspected.'' The dis-
advantage of NCCTN is the lack of detail
about potential complications of an
obstructing calculus or an alternative
diagnosis, such as a salivary tumor.'”
CECTN, while useful for delineation of
glandular inflammation or abscess, car-
ries with it the risks associated with
intravenous contrast such as allergy,
anaphylaxis, extravasation, acute kidney
injury, and so forth. Performance of
both techniques results in an additional
radiation dose to the patient. In our
study, a mean reduction in effective dose
of 1.6 mSv or a mean relative dose re-
duction of 42% per case would have
been achieved if NCCTN had been
omitted from the protocol (using a stan-
dard neck conversion factor of 0.0059,
assuming use of a head CT dose phan-
tom of 16 cm).

Contrary to previous reports that
postulated that contrast may obscure vi-
sualization of a calculus,”!'" there were
no false-positives in our study; calculi
can be confidently diagnosed on CECTN.
This is the first study, to our knowl-
edge, to directly compare CECTN with



NCCTN, used as the criterion standard, for the investigation of
suspected salivary calculi.

We report a sensitivity of 96% (95% CI, 86.3%—-99.5%) and a
specificity of 100% (95% CI, 94.1%—-100%) for CECTN in the
detection of salivary calculi. In this study, CECTN had an accu-
racy of 98% for the evaluation of salivary calculi. The diagnoses of
the 66% of patients who did not have calculi included acute or
chronic sialoadenitis (secondary to infective, granulomatous, or
autoimmune etiology), ductal strictures, or cervical lymphade-
nopathy. We identified 3 masses: Fine-needle aspiration was per-
formed in 2 cases, both benign, and the third case was lost to
follow-up.

This study raises the question of the utility of the NCCTN
before the CECTN if both studies are being performed, given the
accuracy of CECTN in the diagnosis of salivary calculi. The intro-
duction of recent technologic advances such as dual-energy CT
may obviate performing both CT examinations. Dual-energy CT
acquires images at 2 different energy levels simultaneously and
uses the attenuation differences at the different energy levels for
deriving additional information. Virtual unenhanced images can
be generated from each dataset of a postcontrast CT by extracting
the attenuation component attributed to the presence of iodine,
thereby removing the need for a separate noncontrast CT and,
hence, reducing the dose.>**

There were no false-positives in our study; all calculi cor-
rectly identified on the CECTN were identified on the NCCTN.
During this review, we encountered other calcifications in the region
of the salivary glands that could be erroneously labeled sialoliths.
Entities that radiologists should be aware of that could potentially
hamper CT interpretation include calcified lymph nodes (Fig 2A,
-B); calcification of the stylohyoid ligament, which can be bilateral
(Fig 2C); tonsilloliths (Fig 2D); and phleboliths. Potential false-
negatives may be caused by dental amalgam causing metal streak
artifacts in the floor of the mouth obscuring a calculus, particu-
larly in the region of the anterior submandibular duct (Fig 3). This
is a common location of symptomatic stones that can be easily
overlooked if one is not cautious. Radiologists should maximize
the basic tools at their disposal, namely manual adjustment of all
3 aforementioned standard window settings. Metal streak arti-
facts are common and caused by multiple mechanisms (beam-
hardening, scatter, noise, undersampling, motion, and conebeam
or windmill effects).*® Manufacturers offer an array of techniques
to reduce metal streak artifacts, such as filtered back-projection,
linear interpolation, selective Algebraic Reconstruction Tech-
nique, and the Metal Deletion Technique.”” These techniques
were not routinely available at our institution during the study
period.

There were 2 false-negatives in our study as previously men-
tioned; both were asymptomatic intraglandular calculi within the
parotid gland.

There are several limitations to this study. It was retrospective
and based on radiologic findings only. There was no surgical or
pathologic correlation. The clinical outcome of the patients in-
cluded is not known; therefore, we did not establish which calculi
were clinically relevant.

CONCLUSIONS

Contrast-enhanced CT of the neck is accurate in the diagnosis of
salivary calculi. If single-phase CECTN instead of dual-phase CT
(NCCTN and CECTN) is performed, there is a potential to reduce
the effective radiation dose to the patient.
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