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Objective: The aim of this study was to evaluate the role of three diagnostic sonographic
methods, greyscale sonography (GSS), colour Doppler sonography (CDS) and spectral
Doppler (SPD), in differentiating between benign and malignant salivary gland (SG)
tumours.
Methods: 44 patients with SG masses were examined using GSS, CDS and SPD. The
morphological features of each tumour were evaluated using GSS, the distribution and
number of detected blood vessels were assessed using CDS, and peak systolic velocity (PSV),
resistive index (RI) and pulsatility index (PI) were measured on SPD. All cases underwent
excisional biopsy and a definite tissue diagnosis was obtained.
Results: Histopathological examination revealed that 28 of the 44 tumours were benign and
16 were malignant. GSS showed that malignant SG tumours had a significantly higher
incidence of ill-defined borders and lymph node involvement than benign tumours, but there
was no significant difference between benign and malignant SG tumours regarding
echogenicity, homogeneity or sonographic shape. CDS demonstrated malignant tumours
with significantly higher vascularity and a scattered distribution. Using SPD, malignant
tumours had significantly higher PSV, RI and PI compared with benign tumours.
Conclusion: RI values above 0.7, PI values above 1.2, PSV values above 44.3 cm s–1, ill-
defined borders, lymph node involvement, Grade 2 or 3 vascularity and hilar distribution of
blood vessels should alert the clinician to suspect a malignant SG tumour. After consensus on
the threshold values of PSV, RI and PI in differentiating benign from malignant SG tumours,
these numbers should be incorporated into the software of ultrasound machines to guide the
sonographer in his or her analysis.
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Introduction

Tumours of the salivary glands (SGs) are not common
and represent only 2–4% of all head and neck
malignancies. Most of them (80%) are located in the
parotid gland, 14% in the submandibular gland and
the rest in the sublingual glands and minor SGs.1 In
Europe, Africa and Asia, B-mode greyscale sonography
(GSS) is widely accepted as the first choice diagnostic

procedure to evaluate the morphology of an SG mass,
but it is underused in North America where MRI is
almost always the only technique used in cases where a
neoplastic enlargement of a SG is suspected.1–5 Colour
Doppler sonography (CDS) can detect the number and
distribution of blood vessels in various SG tumours.6,7

Spectral Doppler (SPD) is a form of ultrasound image
display in which the spectrum of flow velocities is
represented graphically on the y-axis and time on the x-
axis.8 There are several SPD indices that are used to
characterize the Doppler spectrum of any lesion
including peak systolic velocity (PSV), resistive index
(RI) and pulsatility index (PI). The PSV is the maximum
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velocity within the lumen of the vessel during systole.6 RI
and PI are used to quantify the impedance or resistance
to blood flow, and they are calculated from the blood
flow velocity during systole and diastole.9

Malignant SG tumours often have a characteristic
appearance on GSS; however, some malignancies simu-
late benign morphology.10 CDS and SPD investigations
provided promising results in the differentiation between
benign and malignant SG tumours.1,10–16 Mazaher
et al16 previously assessed the diagnostic accuracy of
the three sonographic techniques in the differentiation
between benign and malignant SG tumours, but they
only evaluated one variable using each technique: the
border (GSS), the vascularity (CDS) and PSV (SPD).

Therefore, we thought it was important to investigate
the role of the three diagnostic sonographic methods
(GSS, CDS and SPD) including all the variables, alone
and combined, in the differentiation between benign
and malignant SGs tumours and whether they could
accurately predict malignancy with the benefit of cost,
availability and non-invasiveness.

Materials and methods

This cross-sectional study was performed from
December 2007 to November 2009 on 44 patients of
both sexes with an age range of 4–70 years and a mean
age of 46 years. The patients complaining of SG
swellings were selected from the outpatient clinic of
the departments of general surgery and ear, nose and
throat (ENT) of Ain Shams University.

83 patients presenting with swelling in the SGs were
evaluated. 39 patients were excluded from the study
because they showed clinical signs and symptoms of an
inflammatory process (e.g. tenderness, warmth, redness
or fluctuation) or because the swelling was proved by
ultrasound to be inflammatory or not involving the SGs.

All GSS, CDS and SPD examinations were per-
formed on the same ultrasound machine LOGIQ 500
(GE, Yokogawa Medical System Ltd, Tokyo, Japan)
with a 7–9 MHz frequency linear array transducer.

Greyscale sonography
By using GSS, assessment of the SG tumours included
evaluation of echogenicity compared with the surround-
ing parenchyma (hypoechoic or hyperechoic), border
characteristics (well-defined or ill-defined), homogeneity
compared with the surrounding glandular parenchyma
(homogeneous or inhomogeneous) and shape (lobulated,
regular or irregular). The whole neck was also scanned to
assess regional lymph node involvement (associated with
lymphadenitis or not).

In all patients, the contralateral parotid or subman-
dibular gland was scanned to exclude further clinically
non-palpable lesions as there is a chance of bilateral
disease (e.g. Warthin’s tumour). In cases of multifocal
tumours, the largest lesion was used for evaluation.

Colour Doppler sonography
Doppler parameters were chosen to optimize the
detection of low velocities or low volume flows
expected from the small new vessels in and around
tumours. By CDS, the tumour vascularity was assessed
in a single field of view (FOV) of 363 cm and a
sampling gate of 3 mm.

Distribution of vascularity
The distribution of vascularity was classified as perile-
sional, peripheral or scattered.

Degree of vascularity
Additionally, the tumour vascularization was graded
subjectively according to a 4 point scale ranging from
0–3 as previously performed by Schick et al:12

Grade 0: No tumour vascularization could be detected.
Grade 1: One or two separate vessels could be
consistently detected.
Grade 2: Three to five separate vessels were consis-
tently detected.
Grade 3: More than five separate vessels could be
identified.

Spectral Doppler
SPD with a 3 mm sample gate was used when intra-
tumour vessels could be demonstrated on CDS.
Therefore, only tumours graded 1–3 on CDS under-
went SPD. If the longitudinal axis of a tumour vessel
could be identified, the Doppler angle between the
ultrasound beam and the flow direction was corrected
according to the direction of the examined blood vessel.
However, in small tumour vessels the axis of the vessel
could not always be clearly identified; in these cases the
Doppler angle was set to zero.

From the SPD wave form, the following parameters
were calculated for each tumour: PSV, RI (Vmax – Vmin/
Vmax) and PI (Vmax – Vmin/mean velocity). Both PSV
and RI were calculated automatically by the ultra-
sound machine while the calculation of PI was done
manually. If several vessels could be examined within a
lesion, the highest recordings of these measurements
were used for statistical analysis as carried out by
Schick et al.12

Histopathology
All cases underwent surgery and the definitive histo-
pathological diagnosis determined after the excisional
biopsy was considered the gold standard.

Statistical analysis
All analysis was done using the statistical package for the
social sciences (SPSS software version 15, Chicago, IL)
on a personal computer. To test if the difference between
benign and malignant SG tumours was significant, the
Mann–Whitney test was used for quantitative data (age
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and SPD indices), while crosstabs Pearson’s x2 test was
used for qualitative data (GSS and CDS variables). Both
are non-parametric tests. A P-value of # 0.05 was
considered statistically significant.

For each variable we calculated the sensitivity (true-
positive fraction), specificity (false-positive fraction 5
100 – specificity) and accuracy (true-positive fraction +
true-negative fraction/total number of cases) of the test
in differentiating between benign and malignant SG
tumours. Moreover, the sensitivity, specificity and
accuracy of the three diagnostic techniques alone and
combined were computed.

Regarding each SPD index, receiver operating
characteristic (ROC) curve analysis was used to
determine the threshold value for optimal sensitivity
and specificity. This was performed by calculating the
true-positive fraction and false-positive fraction at
several cut-off points, then determining the best cut-
off value of these indices in differentiating between
benign and malignant SG tumours.

Ethical approval has been obtained from the
Research Ethics Committee (REC) at the Faculty of
Medicine, Ain Shams University. All patients signed
the informed consent form approved by the REC.

Results

We studied 44 patients with tumours of the SG.
Histopathological examination found that of the total
number of tumours, 28 (64%) were benign and 16
(36%) were malignant. The distribution of the different
pathological types of benign tumours is presented in
Figure 1 and those of malignant tumours are presented
in Figure 2. The sonographic features of a benign
parotid gland tumour are presented in Figure 3 and
those of a malignant parotid gland tumour are
presented in Figure 4.

All 28 benign tumours and 9 (56.2%) of the
malignant tumours occurred in the parotid gland while
the submandibular gland was the site of 7 (43.8%) of
the malignant tumours. None of the patients in the
study sample had any tumours of the sublingual or
minor SGs.

There was no significant difference between benign
and malignant tumours regarding the age of the
patients (P 5 0.86); the mean age of patients with
benign tumours was 47¡14.08 years while it was
45¡27.2 years for malignant tumours. There was no
significant difference between benign and malignant
tumours regarding the sex of the patients (P 5 0.484).
Both types of tumours occurred more frequently in
males 30 (68.2%) than females 14 (31.8%).

Using B-mode GSS, all benign and malignant SG
tumours appeared as hypoechoic masses on ultrasound.
Malignant tumours showed a higher incidence of
ill-defined borders, inhomogeneous echo structure,
irregular shape and association with lymph node
involvement than benign tumours. These differences

were only statistically significant for border (P 5 0.001)
and lymph node involvement (P 5 0.001; Table 1). The
benign tumours which showed inhomogeneous echo
structure were usually Warthin’s tumours. The sensitiv-
ity of GSS was 87.5%, the specificity was 34% and the
accuracy was 59% (Table 2).

Figure 1 Pie chart showing the distribution of different pathological
types of benign salivary gland (SG) tumours

Figure 2 Pie chart showing the distribution of different pathological
types of malignant salivary gland (SG) tumours
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Using CDS, there was a significant difference in
the degree of vascularity (P 5 0.025) between be-
nign and malignant tumours (Table 1). Malignant tu-
mours had higher vascularity than benign tumours.

Vascularization of benign tumours was Grade 0 in
7.1% of cases, Grade 1 in 75% of cases and Grade 2
in 17.9% of cases, while no benign tumours presented
with Grade 3 vascularization. However, vascularization

(a)

(b)

Figure 3 (a) Greyscale sonography (GSS) of a left parotid gland showing solid well-defined lobulated hypoechoic homogeneous mass with
posterior acoustic enhancement. (b) Colour Doppler sonography (CDS) of the same lesion showing Grade 1 peripheral vascularization, spectral
Doppler (SPD) analysis showing peak systolic velocity of 9.2 cm s21 (below the threshold level), resistive index of 0.65 (below the threshold level),
Vmin is 2.8 cm s21 so pulsatility index 5 1.07 (below the threshold level). Histopathological examination revealed the lesion to be pleomorphic
adenoma
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of malignant tumours was Grade 1 in 25% of cases,
Grade 2 in 62.5% of cases and Grade 3 in 12.5% of cases
and no malignant tumours presented with Grade 0
vascularization.

Moreover, CDS showed a significant difference in
the distribution of vascularity between benign and
malignant SG tumours (P 5 0.001). All malignant
tumours had scattered distribution of vascularity but

(a)

(b)

Figure 4 (a) Greyscale sonography (GSS) of an enlarged right parotid gland showing a well-defined, hypoechoic, heterogeneous lesion with
multiple anechoic areas and a solid component. (b) Colour Doppler sonography (CDS) of the same case showing Grade 3 scattered vascularity,
spectral Doppler (SPD) showing peak systolic velocity of 10.9 cm s21 (below the threshold level), high resistive index of 0.89 (above the threshold
level), Vmin of 1.17 cm s21 so pulsatility index 5 1.6 (above the threshold level). Histopathological examination revealed the lesion to be
mucoepidermoid carcinoma
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only 32.2% of benign tumours did. The overall
sensitivity of CDS was 100%, specificity was 67% and
the accuracy was 81% (Table 2).

Using SPD analysis, malignant tumours had signifi-
cantly higher PSV than benign tumours (P 5 0.001,
Table 3). The highest PSV in benign tumours was 59
cm s21, compared with 70 cm s21 in malignant tumours.
The mean ¡ standard deviation (SD) of PSV in benign
tumours was 28.23 cm s21¡ 17.3 with a range of 9.2–
59 cm s21, while it was 55.9 cm s21¡ 15.01 in malignant
tumours with a range of 20.5–70 cm s21. The best cut-off
value of PSV in distinguishing benign from malignant
SG tumours was 44.3 cm s21, which had 87.5% sensi-
tivity, 85.7% specificity and 86% accuracy (Table 2).
Using the ROC curve analysis of PSV, the area under the
curve was 0.9, which is highly significant.

Regarding RI values, malignant SG tumours showed
significantly higher RI than benign tumours (P 5 0.000,
Table 3). The mean ¡ SD of RI in benign tumours was
0.66 ¡ 0.1 with a range of 0.5–0.78, while it was
0.85 ¡ 0.06 in malignant tumours with a range of 0.73–
0.95. The best cut-off value of RI in distinguishing benign
from malignant SG tumours was 0.7, which had 100%

sensitivity, 85.7% specificity and 91% accuracy (Table 2).
Using the ROC curve analysis of RI, the area under the
curve was 0.98, which is excellent.

Malignant SG tumours also showed significantly
higher PI than benign tumours (P 5 0.000, Table 3).
The mean ¡ SD of PI in benign tumours was
1.01 ¡ 0.217 with a range of 0.67–1.27, while it was
1.5 ¡ 0.217 in malignant tumours with a range of 1.23–
1.83. The best cut-off value of PI in distinguishing
benign from malignant SG tumours was 1.2, which had
100% sensitivity, 85.7% specificity and 91% accuracy.
Using the ROC curve analysis of PI, the area under the
curve was 0.97, which is excellent. The overall sen-
sitivity of the 3 SPD indices was 100%, specificity was
67% and accuracy was 81% (Table 2).

Discussion

SG tumours are by no means common;1 malignancies
may only be seen in 5–10% of cases10 but it would
improve patient welfare and aid clinical management if
these tumours could be properly diagnosed pre-
operatively without invasive and painful diagnostic
procedures. Therefore, many researchers have evalu-
ated the ability of sonography to differentiate malig-
nant from benign SG tumours.

With current ultrasound machines, the sonographic
approach of analysing tumour morphology by GSS
and tumour vascularization by CDS, accompanied by
measurements of frequency shifts and flow velocities by
SPD, is quite straightforward. Certain features of SG
tumours are established ultrasound criteria for malig-
nancy12 but it is important to know how much one may
rely on ultrasound in distinguishing benign from
malignant tumours, which sonographic feature is most
accurate and whether combining sonographic variables
would improve the diagnostic accuracy.

In the present study, 44 patients had an ultrasound
examination of their SG masses with CDS and SPD
assessment. We did not assess the type of vascularity

Table 1 The statistical difference between benign and malignant tumours concerning the qualitative variables

Technique Variable Classification Benign tumours Malignant tumours x2 P-value

GSS Borders Ill defined 5 (17.9%) 14 (87.5%) 11.73 0.001*
Well defined 23 (82.1%) 2 (12.5%)

Homogeneity Homogeneous 16 (57.2%) 8 (50%) 0.153 0.696
Inhomogeneous 12 (42.8%) 8 (50%)

Shape Regular 7 (25%) 6 (37.5%) 4.086 0.130
Irregular 12 (42.8%) 10 (62.5%)
Lobulated 9 (32.2%) 0 (0%)

Lymphadenitis Present 5 (17.9%) 14 (87.5%) 11.73 0.001*
Absent 23 (82.1%) 2 (12.5%)

CDS Vascularity degree Grade 0 2 (7.1%) 0 (0%) 9.35 0.025*
Grade 1 21 (75%) 4 (25%)
Grade 2 5 (17.9%) 10 (62.5%)
Grade 3 0 (0%) 2 (12.5%)

Vascularity distribution Peripheral 17 (60.7%) 0 (0%) 10.476 0.005*
Peri-lesional 2 (7.1%) 0 (0%)
Scattered 9 (32.2%) 16 (100%)

P . 0.05 not significant; *P # 0.05 significant; GSS, greyscale sonography; CDS, colour Doppler sonography

Table 2 The sensitivity, specificity and accuracy of greyscale sono-
graphy (GSS), colour Doppler sonography (CDS) and spectral Doppler
(SPD) alone and in combination

Technique Variable Sensitivity Specificity Accuracy

GSS Border 87.5% 82.1% 84%
Homogeneity 50% 57.2% 55%
Shape 62.5% 57.2% 59%
Lymph nodes 87.5% 82.1% 84%
Combination 87.5% 34% 59%

CDS Vascularity grade 75% 83% 80%
Vascularity
distribution

100% 68% 80%

Combination 100% 67% 81%
SPD PSV 87.5% 85.7% 86%

RI 100% 85.7% 91%
PI 100% 85.7% 91%
Combination 100% 67% 81%

GSS, CDS, SPD 100% 16.7% 54.5%

PSV peak systolic velocity; RI, resistive index; PI, pulsatility index
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(arterial vs venous) by CDS because from our experience
most intratumour vascularities show a mixed type of
vascularity which is not purely arterial or venous.
Moreover, Bradley et al10 declared that the vessel type
within the tumour could not be confirmed to show any
statistical correlation with malignancy.

To measure the SPD indices, Doppler angle
correction was done according to the direction of
the examined blood vessel. If the blood vessels were
small in diameter or tortuous with low velocities
(as is often the case for intraparenchymal vessels),
accuracy was difficult, so in these cases we set the
Doppler angle to zero to prevent over estimation of
flow velocities. This methodology is similar to that of
Steiner et al.17 Conversely, Martinoli et al14 measured
the PSV only when they could accurately set the angle
correction.

Accurate diagnosis was reached by histopathologi-
cal examination. None of the patients in our study
group underwent needle biopsy. One interesting finding
in our study sample was that Warthin’s tumour was
more prevalent than pleomorphic adenoma. However,
most of the recorded literature assert that pleomorphic
adenoma is more common than adenolymphoma.1,13,16

Only Schick et al12 recorded an equal number of cases of
pleomorphic adenoma and Warthin’s tumour (7:7).

In our series, all malignant tumours were localized
within the gland and none showed overlying skin
infiltration. This finding is similar to that of Schick
et al.12 Three patients showed clinical evidence of facial
nerve palsy. An effect on the facial nerve could not be
seen by ultrasound; neither could displacement of the
retromandibular vein, which is a diagnostic sign of
facial nerve involvement. MRI can detect displacement
of the retromandibular vein11 but facial nerve effect
is not of diagnostic importance since it is already
clinically visible. All the patients showing sonographic
evidence of lymph node involvement had to undergo
MRI to evaluate retropharyngeal and deep cervical
lymphadenopathies for staging of the disease prior to
surgery. Moreover, three patients had to undergo MRI
for assessment of suspected penetration to the deep lobe
of the parotid gland.

Greyscale sonography
Using B-mode GSS, all benign and malignant SG
tumours appeared as hypoechoic masses. Schmelzeisen
et al18 also reported that the level of echogenicity is not a

helpful feature in differentiation of SG tumours because
all benign and malignant SG neoplasms have decreased
echogenicity compared with the surrounding tissues.

Among the mentioned GSS characteristics of
tumours, the margin is reportedly more sensitive than
the other factors.16 In this study, ill-defined borders
were present in 87.5% of malignant tumours and 17.9%
of benign tumours. This difference was statistically
significant (P 5 0.001). The preceding records describe
a lower incidence of ill-defined borders in both types
of tumours.1,12,16 Considering all the data from the
previous studies concerning the border, this means that
12.5% to 40% of malignant lesions appear by GSS to
have sharp margins, making it difficult to use this
criterion alone to differentiate benign from malignant
SG tumours. The sensitivity, specificity and accuracy of
the tumour border for determining malignant tumours
was 87.5%, 82.1% and 84%, respectively. Mazaher et
al16 reported a sensitivity of 77.8% and Shimizu et al19

declared a sensitivity of 71.2%.
Regarding the homogeneity of the SG mass, 50% of

the malignant and 42.8% of the benign tumours were
inhomogeneous. This difference was not statistically
significant. Inhomogeneity might be due to the presence
of calcifications or cystic areas. Some studies have
found that calcifications appear more frequently in
pleomorphic adenomas,4 while other studies have
found calcifications more frequently in malignant
tumours.1 No calcifications were found in any of our
cases. With regards to cystic areas, they are usually
present in Warthin’s tumours1,4 but they may also be
present in any benign lesion larger than 3 cm because
large lesions are prone to cystic or haemorrhagic
degeneration.10 Cystic areas are not uncommon in
malignant tumours,1 so homogeneity cannot be used as
a criterion for differential diagnosis. Dumitriu et al1

and Schick et al12 also noted that homogeneity is a
weak criterion for a benign process.

Irregular shape by GSS was present in 62.5% of
malignant tumours and 42.8% of benign tumours.
There was no significant difference between benign
and malignant SG lesions regarding shape of the lesion
by ultrasound. The lobulated shape was present in
32.5% of benign tumours while none of the malignant
tumours showed lobulations. Dumitriu et al1 also
paid special attention to the lobulated pattern in SG
masses. They reported that no malignant tumours
presented with this type of border. Therefore, they

Table 3 The statistical difference between benign and malignant tumours concerning the quantitative variables

Technique Variable Benign tumours Malignant tumours Mann–Whitney U Z score Wilcoxon W P-value

SPD PSV Mean ¡ SD 28.23 ¡ 17.3 55.9 ¡ 15.01 9.000 23.368 87.00 0.001*
Range 9.2–59 20.5–70

RI Mean ¡ SD 0.66 ¡ 0.1 0.85 ¡ 0.06 0.00 23.965 78.00 0.00*
Range 0.5–0.78 0.73–0.95

PI Mean ¡ SD 1.01 ¡ 0.217 1.5 ¡ 0.217 0.00 23.963 78.0 0.00*
Range 0.67–1.27 1.23–1.83

P . 0.05 not significant
SPD, spectral Doppler; PSV peak systolic velocity; RI, resistive index; PI, pulsatility index
*P # 0.05 significant
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correctly considered this feature to be a potential
indicator of a benign tumour.

Sonographic evidence of lymph node involvement
was present in 87.5% of malignant tumours and 17.9%
of benign tumours. This difference was statistically
significant (P 5 0.001). Izzo et al13 declared that the
occurrence of regional lymphadenopathies is relatively
rare in primitive neoplasms of SGs.

To sum up our GSS findings, there was a significant
difference between benign and malignant SG tumours
regarding the borders and lymph node involvement,
while there was no significant difference regarding
homogeneity and shape. Bradley et al10 found that none
of the morphological GSS criteria were individually
statistically significant in relation to benign or malig-
nant pathology. 87.5% of the patients diagnosed with
malignant SG tumours using GSS were correctly iden-
tified. 66% of patients diagnosed with a benign mass by
GSS were found to be malignant by histopathology.
Therefore, we cannot totally rely on GSS findings for
differentiation of benign from malignant SG lesions.

Colour Doppler sonography
CDS is an additional tool for tumour differentiation.
The established CDS criteria are the degree of tumour
vascularity and the pattern of distribution of the
vascular supply.

Degree of vascularity
The growth of any tumour is dependent upon its ability
to induce blood vessels to perfuse it. Malignant tumours
have more ability to induce angiogenesis than benign
tumours,13 so it is expected that malignant tumours have
a higher degree of vascularity. In our study, malignant
tumours had significantly higher vascularity by CDS
than benign tumours (P 5 0.025). No benign tumours
presented with Grade 3 vascularization and no malig-
nant tumours presented with Grade 0 vascularization.

Likewise, many researchers were strong advocates of
CDS vascularization scores.11–13,16,20,21 They declared
that CDS scores provide an exact distinction between
benign and malignant mass and that the procedure is a
sensitive and very useful means of evaluating SG
tumours, and it should always be performed to achieve
a conclusive diagnosis.

However, a few authors asserted that most of the SG
tumours, both benign and malignant, presented poor
vascularization with no statistical significance for
degree of vascularity and thus CDS is not a reliable
factor in the differential diagnosis between benign and
malignant tumours.1,10

The sensitivity and specificity of the degree of
vascularity in diagnosing malignant tumours were
75% and 83%, respectively. Mazaher et al16 reported
a sensitivity of 83% and a specificity of 88%. The
moderate sensitivity and specificity of the degree of
vascularity could be contributed to the overlap in scores
between benign and malignant tumours since moderate
vascularity was seen in both types.

Distribution of vascularity
Using CDS, our study affirmed that the peripheral type
of vascularization was dominant in benign tumours and
the scattered (hilar/branching) type was dominant in
malignant tumours. This difference was statistically
significant (P 5 0.005). This is consistent with
Petrović et al22 but in opposition to Dumitriu et al,1

who declared that malignant tumours did not display
a specific pattern of vascularisation, and to Bradley
et al,10 who reported that the vessel distribution within
SG tumours could not be confirmed to show any
statistical correlation with malignancy.

Vascular distribution showed excellent (100%) sensi-
tivity in diagnosing malignant tumours, i.e. it predicted
all tumours from the malignant group as malignant,
but specificity was only 68% which means that 32%
of benign tumours showed scattered vascularity. The
rather low specificity of vascularity distribution is
most likely due to the presence of a large number of
Warthin’s tumours showing hilar vascularity. Dumitriu
et al1 also noticed that Warthin’s tumours were well
vascularized with intratumoural hilar disposition of
vascularity.

Spectral Doppler
SPD showed a significant difference between benign
and malignant SG lesions regarding PSV, RI and PI.
Although malignant SG tumours showed higher flow
velocities (higher PSV) than benign tumours, they also
showed higher vascular resistance (higher RI and PI).
There is a general agreement among authors that this is
true.10,12,14,15 This is not the case in malignant tumours
in other parts of the body because arteriovenous shunts
are usually present in malignant circulation, a feature
which tends to decrease vascular resistance and thus
causes high PSV but low RI and PI. Ahuja and Ying23

and Choi et al24 reported that malignant lymph nodes
also had high RI and PI. They attributed the increased
vascular resistance to the total replacement of the
lymph nodes by tumour cells, leading to compression of
the vessels by tumour cells because the lymph nodes
have a limited space. This vascular compression by
tumour cells would increase vascular resistance, causing
an increase in the RI and PI. The same probably applies
for the elevation of the RI and PI in the malignant SG
tumours because, as mentioned earlier, none of the
malignant SG tumours showed local extraglandular
spread, not even to the overlying skin.

Peak systolic velocity
The mean of the highest PSV observed in benign
tumours was 28.23 cm s21 ¡ 17.3 cm s21 compared
with 55.9 cm s21 ¡ 15.01 cm s21 in malignant tumours.
Although there was an overlap of velocities between
benign and malignant tumours and mean velocities of
malignant tumours were accompanied by a remarkably
high SD, this difference was statistically significant
(P 5 0.001). A high PSV in vessels of malignant
tumours has been reported by several studies.12,14,23
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These results are similar but somewhat higher than
those reported by Schick et al,12 who reported that in
benign tumours mean PSV was 19.9 cm s21 compared
with 44.4 cm s21 in malignant tumours (P 5 0.05),
and Mazaher et al,16 who found that PSV in benign SG
tumours was 19.1 cm s21 ¡ 4.9 cm s21 while it was 40.1
cm s21 ¡ 9.9 cm s21 in malignant SG tumours (P ,
0.0001).

Bradley et al10 reported that PSV showed a wide range
of measurements and that the differences in PSV between
benign and malignant lesions were not significant.
However, they commented that this may not reflect true
accuracy because the angle correction was often difficult
to apply accurately in the small tumour vessels. In
addition, the number of patients with malignant diseases
in their series was low (seven patients).

The best cut-off value using ROC curve analysis for
PSV in identification of malignant SG tumours was
44.3 cm s21. There is considerable debate in the litera-
ture regarding the threshold PSV that differentiates
between benign and malignant SG tumours. Martinoli
et al14 suggested that PSV higher than 60 cm s21 suggests
the presence of a malignant SG tumour and Dock et al20

determined an optimum threshold value for the differ-
entiation of benign and malignant tumours of breast,
liver and others of 40 cm s21. Other researchers acknowl-
edged a lower PSV threshold, with Schick et al12 reporting
that a PSV velocity of 25 cm s21 seems to be the optimum
threshold for the differentiation of benign and malignant
SG lesions and Mazaher et al16 stating that if the PSV
is more than 29 cm s21, the SG tumour should be
considered malignant.

The best cut-off value of PSV in this study
(44.3 cm s21) had 87.5% sensitivity and 85.7% specifi-
city. This means that by using this threshold PSV value,
2 patients (12.5%) with malignant tumours were incor-
rectly diagnosed as having benign tumours and 4
patients (14.3%) with benign tumours were incorrectly
diagnosed as having malignant tumours. Schick et al12

reported that PSV has 72% sensitivity and 88%
specificity in detecting malignant parotid tumours,
while Mazaher et al16 stated that PSV did not miss
any of the malignant SG masses, i.e. 100% sensitivity.

Resistive index
The range of RI in benign SG tumours was 0.5–0.78
while in malignant SG tumours it was 0.73–0.95. This
difference was significant (P 5 0.000). Similarly,
Bradley et al10 found that the range of RI in benign
SG tumours was 0.6–0.9 and in malignant tumours it
was 0.8–1. They also found a significant difference in
the RI value between benign and malignant lesions.
Schick et al12 found that even though the value for RI
was higher in malignant parotid tumours than in benign
tumours, the difference was not statistically significant.

We found that the best cut-off value for the RI was 0.7,
which had 100% sensitivity; this means that none of the
malignant masses was missed by RI. This threshold value
had 85.7% specificity for the detection of the malignant

SG tumour; this means that 4 (14.3%) patients with
benign tumours had a RI value of more than 0.7 and thus
were incorrectly diagnosed as being malignant.

Pulsatility index
The range of PI in benign tumours was 0.67–1.27 while
in malignant tumours it was 1.23–1.83. This difference
was significant. Similarly, Bradley et al10 found a
significant difference in the PI value between benign
and malignant lesions. They found the range of PI in
benign SG tumours was 0.9–2.2 and in malignant
tumours it was 1.8–2.2. Schick et al12 found that even
though the value for PI was higher in malignant parotid
tumours than in benign tumours, the difference was not
statistically significant.

We found that the best cut-off value for PI was 1.2,
which had 100% sensitivity; this means that none of the
malignant masses were missed by PI. This threshold value
had 85.7% specificity for the detection of the malignant
SG tumour. This means that 4 (14.3%) patients with
benign tumours were misdiagnosed as malignant.

The threshold values for RI and PI in our study are
similar to those published by Bradley et al10; they stated
that the risk of malignancy increased by one-third
when RI and PI are more than 0.8 and 1.8, respectively.
We found the sensitivity and specificity of RI and PI
to be 100% and 85.7%, respectively. Bradley et al10

reported a similar specificity but a much lower sen-
sitivity (specificity 85.7%, sensitivity 75.5%).

Combining the sensitivity, specificity and diagnostic
accuracy of the three sonographic techniques showed
no improvement in the diagnostic indices. This is
similar to the findings of Mazaher et al16.

On comparing the diagnostic accuracy of all the
assessed sonographic variables, we found that RI and PI
were the most accurate indices, followed by PSV, the
borders and lymph nodes involvement, and the vascu-
larity grade and distribution. Similarly, Dumitriu et al1

declared that PSV, RI and PI are superior to CDS in
differentiating benign from malignant SG tumours.
However, Schick et al12 reported that CDS scores for
tumour vascularization and SPD measurements of PSV
are superior to RI and PI in the investigation of parotid
masses, while Schmelzeisen et al18 considered PSV as the
most reliable parameter of spectral Doppler analysis for
differentiation between benign and malignant tumours.

Although SPD indices proved to be a lot more
accurate than GSS findings, most sonographers will
continue to assess border, shape, homogeneity and
lymph node involvement and then evaluate vascularity
by CDS to reach a diagnosis. The problem with SPD
indices is that they are numerical. It is impossible for the
clinician to memorize PSV, RI and PI threshold values
for every organ. SPD indices would be used more
frequently on a clinical basis if they were incorporated
into the software of new ultrasound machines.

Recent studies have evaluated the revenue of enhanced
Doppler in differentiating benign from malignant hepatic
lesions25 and breast tumours.26 Further research should
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be performed to investigate the diagnostic accuracy of
contrast-enhanced Doppler ultrasound in differentiating
benign from malignant SG tumours compared with the
baseline (pre-dosing) performance.

Conclusion

A RI value above 0.7, PI value above 1.2, PSV above
44.3 cm s21, ill-defined borders, lymph node involvement,

Grade 2 or 3 vascularity and hilar distribution of blood
vessels should be interpreted as warning signs and should
alert the clinician to suspect a malignant SG tumour.
Combining the results of the three sonographic techniques
showed no improvement in the diagnostic accuracy. We
recommend that after consensus on the threshold values of
PSV, RI and PI for every organ in differentiating benign
from malignant tumours, these numbers should be
incorporated into the software of new ultrasound machines
to guide the sonographer in his or her analysis.
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