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Review of Literature

Does MR Sialography Have A Greater Diagnostic Accuracy Than
Conventional X-Ray And Digital Subtraction Sialography In Detecting
Salivary Glands Disease? A Literature Review.
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Abstract

Aim: The main aim was to determine the diagnostic accuracy of MR Sialography as
compared to conventional x-ray and digital sialography in detecting salivary gland diseases
on the basis of research evidences available in the literature.

Description: It is noticed that almost all people develop illness of salivary glands at some
stage of their lives. The major effects on salivary glands become evident as stones; infection
tumors which may also involve related organs. Imaging methods like Ultrasound, Computed
Tomography (CT) and Digital subtraction sialography (DSS) are used for assessment of
parotid, sub-mandibular and sub-lingual glands in addition to conventional x-ray sialography
which is marked as a gold standard for salivary glands assessment. Due to the non-invasive
nature and level of comfort, MR Sialography is now being considered as an advanced
technique for the detection of stones and tumor spread in the soft tissues with no risk of
radiation exposure.

Methods and Results: Different databases which include Science direct, CINAHL, Ebesco
Host, PubMed, Swetswise, Wiley Interscience, sage pub, and The Cochrane library were
explored to get published literature. Total 10 studies were included and critically appraised
under critical appraisal skills programme (CASP) tool.

Conclusion: The review proposed that though the use of MRS as the only diagnostic
examination is useful but X-ray sialography remains the standard investigation tool due to its
higher spatial resolution. MRS can be utilized as an alternative imaging technique by using
special MR sequences such as 3D CISS and RARE where x-ray sialography cannot be
performed.

Key words: MR Sialography, diagnostic accuracy of MR sialography, Conventional and MR
Sialography, Review on MR Sialography.

Introduction
My and Sub-lingual (below the tongue) as

There are three types of major salivary  gescribed by Tripathi 1. Beenken et al. 2 and

glands which include Parotid (anterior to the
ears), Sub-mandibular (below the mandible)
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ers and Ferris 3 described that parotid gland
pathology accounts for (70%) of all

salivary gland disorders. Speight and Barrett
* described that incidence of salivary gland
disorders in the western region is about (2.5-
3.0 per 10000 per year). However, Horn-
Ross et al. ° described that prevalence of
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salivary gland disorders is increasing
annually at the rate of (1.1%) in men across
the world. The incidence of salivary gland
cancer described by Sun et al. ® is (0.9% per
10000 per year) worldwide. Mafee et al.
described different methods of imaging the

salivary glands which included computed
tomography (CT), magnetic resonance
imaging (MRI), ultrasound (Us),

Sialoendoscopy, radionuclide scintigraphy,
x-ray sialography and digital subtraction
sialography (DSS). However, (CT) use has
become limited in modern radiology due to
radiation as per Rudack et al. 8. Radionuclide
scintigraphy as reported by klutmann ° and
Sialoendoscopy as by Nahlieli et al. ° are
also used for salivary imaging. European
commission ** and Marchal and Dulgeuorv
2 marked x-ray and digital sialography as
the ‘gold standard” for visualization of
salivary glands. Jager et al. ** reported that
x-ray sialography requires an experienced
operator for duct cannulation which has also
been considered necessary by Gadodia et al.
It has been stated by Weissman *
conventional methods produce problem due
to patient motion, superimposition of the
facial bones and contrast agent reactions.
Ultrasound has been recommended as first
line of investigation by Alyas et al. *® and
Katz et al. *' but again its use is limited due
to operator dependency. The use of MR
Sialography (MRS) has been stated by
Lomas et al. *® which reported the successful
use of MRS for evaluation of salivary
glands. Tonami et al. *° and Gadodia et al. **
suggested that MRS has the advantage of
revealing both the ductal and parenchymal
changes along the salivary glands without
exposure  to  radiation. The  only
disadvantages of MRS as described by
Becker et al. % included the motion artefacts
and long scan time. Since there is no
consensus regarding the use of MRS as the
only imaging investigation so the review was

conducted to find an ideal diagnostic
modality for assessment of salivary glands.

Materials and Methods

The research question was formulated by
using the Population (Salivary glands
patients), intervention (MR Sialography
technique), comparison  (Conventional
sialography techniques), and Outcome
(Diagnostic accuracies of both modalities)
criteria as all four elements formulate a good
question as by Houser 2! . Searched terms
included salivary glands patients, salivary
dysfunction, MR  Sialography, x-ray
sialography, digital sialography, diagnostic
accuracy of MR Sialography, usefulness of
MR Sialography. Different  databases
were explored which include PubMed, Sage
Pub, The Cochrane library, Wiley
Interscience, The science Direct, Ebesco,
Swetswise and search engines which include
Google, about, all the web, NHS evidence,
Library resources reference lists were
consulted to find appropriate articles for
review.An inclusion and exclusion criterion
included the studies conducted on Humans
only, english language articles, research
based studies, X-ray or digital sialography as
a reference standard. Articles in other
languages have to be excluded; incomplete
studies and comparison with other standards
were not included for preserving value of the
literature review. (19) Articles from Cinahl,
(32) from PubMed, (2) from the Cochrane
library, (120) from science direct, (20) from
Wiley Interscience, (83) from Swetswise,
(26) from Research gate and (76) from
Google scholar were found at initial search.
A total of 10 studies were finally included
for this review after applying the inclusion
and exclusion criteria. Goodman and Moule
22 described that critical appraisal of the
literature helps in identifying the gaps in
research. The (CASP) tools were acquired
from solutions for public health ?* website
and were applied to all the studies to assess
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Table 1: Brief findings of Conventional (x-ray and digital) and MR Sialography

included in the review.

X-ray X-ray MR alone Can MR
Research Study Sialograph Sialography considered Sialography
y provides should be adequate correctly
useful replaced identify patients
information having
symptomatic
salivary
disorders?
Lomas et al. *° Agree Agree To limited extent Agree
Heverhagen etal.* |  Agree Agree Agree Agree
Ohbayashi et al. © Agree Agree Agree Agree
Varghese et al. *° Agree Disagree Disagree Somewhat
Agree
Becker et al. © Agree Agree Agree Agree
Jageretal. Agree Agree Agree Agree
Kalinowskietal. © |  Agree | Somewhat Agree | To limited extent Agree
Tomiita et al. Agree Agree Disagree Somewhat
Agree
Takagi et al. *’ Agree Agree Agree Agree
Gadodia et al. - Agree Agree Agree Agree

strengths, limitations and quality of included
evidences.

Results and Discussion

Out of ten studies included in this review, 8
report the adequacy of the MR alone in
correct identification of salivary gland
disorders. The
findings are tabulated in the table 1. Lomas
et al. '® presented case reports of n=3
patients in which MRS added additional
information for calculus. The
results of the above study are however not
representative of the patient population since
there was a sample selection bias due to the
representation of only n=3 cases. This study
occupies a very low level in hierarchy of
evidence to answer the proposed question.

Heverhagen et al. “  prospectively
determined utility of MR Sialography
against digital sialography in n=16 patients

suspected of having sialadenitis and
sialoliths. The authors found MRS to be
comparable with the DSS for detecting
sialadenitis in all cases. (03) Studies
prospectively observed the efficacy of MRS
in staging of Sjogren’s syndrome. A
prospective comparative study conducted by
Ohbayashi et al.?® described that MRS
proved useful for staging of Sjogren’s
syndrome in n= 35 patients. The sensitivity,
specificity and accuracy of MRS in
determining stage (I) disease were found to
be 100%. 92% and 91% in stage (Il), 83%
stage (I11) disease and 100% stage (IV). X-
ray sialography and MRS findings correlated
well  having (p<.001 spearman rank
correlation test). Similarly, the findings of
MRS and x-ray sialography stages were
reported to have a good correlation i.e. (p =
0.005) with Pearson correlation value of
(0.85) by Tomiita et al. %®. The study
suffered from a combination of selection and
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Figure: 1 (A) MR Sialogram obtained from a 25 years old woman depicts first and
second order branches. Figure: 1 (B) Same patient X-ray Sialography demonstrated up

to fourth order branches. (Ohbayashi et al %)

Figure: 2(A) Digital subtraction Sialogram obtained from a 61 years old woman
demonstrated peripheral branches more clearly in parotid gland. Figure: 2(B) spatial
resolution limited to first and second order branches in case of MR Sialogram of same

patient. (Kalinowski et al %)

review bias because it represented only a
small cohort of patients i.e. (8) (all females)
which possibly limited its strength. Another
prospective study by Takagi et al. ¥ in
patients (n= 143) also confirmed a good
correlation i.e. (p<0.0001 using spearman
correlation test) between the stages of MRS
and x-ray sialography.

Jager et al. ' using the 3-dimensional

constructive interference (3D CISS) found
MRS to be superior having (p <0.05) than
the rapid acquisition relaxation enhancement
(RARE) sequence. The sensitivity of 3D
CISS MRS for detecting sialoliths was found
to be (100%) and a specificity of (80%) as
compared to RARE sequence where
sensitivity reduced to (80%) and specificity
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was (100%). The study is subjected to
review and spectrum bias as simple MR
imaging of desired area was also performed
before sialography that might increased the
sensitivity and specificity of MRS in
detecting salivary disorders. Gadodia et al.
14 using 3D CISS sequence reported a
sensitivity of 87% and specificity of 100% in
n= 28 patients. The authors also performed
imaging on Half fourier single shot turbo
spin echo (HASTE) and found it 90%
sensitive and 75% specific in diagnosing
salivary disorders. Using a combination of
CISS and HASTE, MRS achieved a
sensitivity of 93% and specificity of 100%.
The overall sensitivity of MRS was 94.1 %
where as for x-ray sialography it was 100%
for different salivary disorders. Becker et al.
20 investigated usefulness of 3-dimensional
extended phase conjugate symmetry rapid
spin echo (3D-EXPRESS) sequence in n=
61 and found that it was 91% sensitive and
94-97% specific for calculi where as for
stenosis reported sensitivity remained 100%
and specificity 93-98%. Additionally, MRS
added useful information in 19 % of glands
of total 67 glands by detecting ranula and
Warthin’s tumour in n= 10.

(02) Studies Varghese et al. *® and
Kalinowski et al. ? don’t recommend MRS
as the only imaging investigation for
identifying salivary disorders in patients. A
prospective study by Kalinowski et al.”® n=
80 showed that in acute sialadenitis DSS
remained 100% sensitive and specific. MRS
also showed same results with sensitivity
and specificity of 100%. In chronic
sialadenitis DSS remained 96% sensitive and
100% specific and MRS proved to be 70%
sensitive and 98% specific. Moreover, DSS
remained 90% sensitive and 98 % for
sialoliths as compared to MRS with a
sensitivity of only 80% and specificity of
98%. DSS was deemed necessary due to
inability of MRS to show secondary and
tertiary branches in most of the cases.
Results of a prospective study by Varghese
et al. ®® showed that x-ray sialography

depicted 100 % accuracy for calculus where
as MRS were 90% accurate. X-ray
sialography was 100% accurate for stenosis
where as MRS only 96%. Similarly, MRS
misclassified a proximal stricture as mid-
duct stricture in n= 1 and did not show a
micro-calcification in n=1. The sensitivity,
specificity, accuracy, positive predictive
value (PPV) and negative predictive value
(NPV) of MRS in detecting lesions were
88%, 88%, 94% and 78% which
significantly improved to 100%, 88%, 96%,
94%, and 100% by using x-ray sialography
images as controls. All of the studies except
Kalinowski et al. > Takagi et al. %', and
Varghese et al. suffered from a
combination of selection, spectrum and
review biases. Only the studies by Gadodia
et al' '*, Heverhagen et al. **, Lomas et al. *®
and Tomiita et al. ?® have accounted
limitations. MRS didn’t provide some
useful clinical information that was only
available with the help of conventional
sialography or DSS. Almost all primary and
secondary branching system was found to be
visualized in case of MR Sialography as
reported by all the studies. No Tertiary
branching system was visualized on MRS as
reported by all studies. In case of X-ray
sialography Primary secondary and tertiary
branching system all was visualized.

MRS revealed visualization of main
branches and salivary duct up to second
order branches (Fig. 1 & Fig. 2). The other
major factor limiting the use of MRS as the
only diagnostic examination was the
reported number of false positive and false
negative as 2 false positive findings as
strictures and 4 false negative findings as
calculus reported by Varghese et al. .
Gadodia et al. ** reported 3 false negatives
and 1 false positive finding were noted in 4
glands evaluated by HASTE and 4 false
negative findings were noted in case of 3D
CISS sequence. Becker et al. % reported 4
false positive findings as Stenosis and 3 false
negative as stones on 3D EXPRESS
imaging. Similarly, Jager et al. ** reported 1
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false positive finding on 3D CISS in which
stenosis was detected as a sialolith and
sialoliths were overlooked on n=3 patients
on RARE sequence.

The studies by Tomiita et al. ®, Ohbayashi et
al. 2 and Takagi et al. % reported that MRS

findings correlated well with  Xx-ray
sialography in staging of Sjogren’s
syndrome but owing to poor spatial

resolution in MRS; differences were noted in
stages determined by MRS and Xx-ray
sialography as lower and higher in 6% and
10% patients respective to  studies.
Kalinowski et al. ?° reported that the
sensitivity and specificity of MRS in
diagnosing sialadenitis remained 100%
which was comparable to DSS i.e. 100%.
Moreover, the accuracy of MRS in
diagnosing calculus remained 100% by
using a combination of 3D CISS and
HASTE sequence as reported by Gadodia et
al. . These findings suggested that MRS
can be recommended as an alternative to x-
ray sialography because MRS and DSS
results correlated well with each other.

The review of collected studies has
highlighted the absence of universally
accepted criteria for using MRS. For a fact
that changing the parameters significantly
improves the spatial resolution, a wide
variation has been observed between the
research studies due to different parameters
used for MRS. Moreover, the use of special
sequences such as (CISS, HASTE,
EXPRESS and RARE) can only be
applicable to selected centres having this
facility. For a general acceptance of MRS,
efforts could be made to improve the
resolution by keeping the scanner capacity
i.e. field strength constant or at least
choosing almost the same parameters for
maintaining the internal validity. Secondly,
no study paid attention to the increased cost
resulting from the use of MRS as the only
investigation tool for salivary glands.

Conclusion

In the light of evidences presented in this
review, the use of MRS as the only
diagnostic examination could not be
justified. A wide variation of parameters and
given number of false positive and false
negative results reported by different studies
may limit generalizability and
reproducibility of using MRS as the only
investigation tool. All the centres intending
to replace x-ray sialography with MRS must
take extensive research to generate a valid
and reproducible investigation protocol. The
results of this review might be subject to
publication bias since only the articles were
confined to English language were included
because it was not feasible to assess studies
in a foreign language. Moreover, any study
published earlier than 1995 was not included
since the quality of MRI has markedly
improved over the last few years in terms of
software, hardware and image resolution.
Discussion on other imaging investigations
like ultrasound, CT and radionuclide
scintigraphy was excluded because it was
beyond the scope of this literature review.
Thus, x-ray sialography remains the standard
investigation tool primarily for diagnosis of
salivary disorders. MRS can be utilized as an
alternative imaging using 3D CISS and
HASTE sequences where x-ray sialography
fails to provide a definite diagnosis.
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