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Color Doppler Ultrasound in the pre-histological determination of the biological 
character of major salivary gland tumors

Pavel Strympla, Michal Kodajb, Tomas Bakajc, Pavel Komineka, Ivo Starekc, Ivan Sisolad, Hana Tomaskovae, Petr Matouseka

Objectives. The aim of the study was to assess the use of color Doppler ultrasound in the pre-histological determina-
tion of the biological features of salivary gland tumors. 
Material and Methods. Ninety-six patients with major salivary gland tumors of unknown histology were examined 
and operated on in our clinics. They were pre-operatively examined using ultrasound imaging with color Doppler. Peak 
systolic velocity (PSV) was measured and pulsatility index (PI) and resistive index (RI) were calculated on the pulsed 
wave traces. The Doppler flow parameters were correlated with clinical stage and tumour type (benign/carcinoma) as 
confirmed by final histological diagnosis.  For the correlations, the tumors were categorized into 3: benign (group I), 
malignant stages I+II (group II), malignant  stages III+IV (group III). 
Results. The average PSV value was 22.15 cm/s for benign and 32.74 cm/s for all malignant tumors. The average RI 
value was 0.77 for benign and 0.86 for all malignant tumors. The average PI value for benign tumors was 2.85 and 3.14 
for all malignant tumors. No significant differences between benign and malignant tumors in terms of SV and PI values 
were found. The RI values for benign tumors differed significantly from those of malignant ones (P=0.021). There were 
no significant differences in average PSV, PI and RI values in relation to salivary gland tumor group - I, II, III. There was 
no confirmation of the reported  applicability of PSV and PI values in  differenting benign from malignant tumors. 
Conclusion. We were not able to demonstrate significant differences in Doppler flow parameters PSV and PI between 
benign tumors and carcinomas. Only the RI could be used to differentiate them. There were also no significant differ-
ences in PSV, PI and RI values between low (I+II) and high (III+IV) clinical tumour stage. 
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INTRODUCTION

Salivary gland neoplasms account for 3% of all tu-
mors1. Most are benign, with the parotid being the most 
common site of origin. The smaller the involved salivary 
gland, the higher the probability of malignancy, the rate 
of which thus increases from 20%-25% in the parotid, 
through 40%-50% in the submandibular, to 50%-81% in 
the sublingual and minor salivary glands2-5. 

Relevant important preoperative information is the 
determination of their biological character. Since sole 
clinical investigation lacks the necessary reliability in 
this respect, imaging methods are being applied. Of these 
and due to its zero invasiveness and cost effectiveness, 
ultrasound is considered an essential imaging method. 
Its specificity can be substantially improved by the use 
of the color Doppler method, mapping the blood flow in 
tumor supplying vessels. Color Doppler criteria are used 
to distinguish benign from malignant tumors, particularly 
in terms of grade of intratumor vascularity, pattern of vas-
cular supply, and flow parameters (Table 1) (ref.6). Some 
publications reports on the usefulness of color Doppler 

US in the pre-histological determination of the biological 
character of the tumors3,4,6,7 while others do not8,9.

The main aim of this study was to test the use of color 
Doppler US in the preoperative assessment of the biologi-
cal character of salivary gland tumors which would enable 
us to match the extent of surgery to their real dignity. 

MATERIAL AND METHODS

A total of 96 patients with parotid gland tumors were 
examined in this prospective study at our clinics between 
June 2006 and August 2011. Fifty-four women and 42 men 
were enrolled, average age 57.3 and 60.4 (mean 58.7) 
years. Sixty-six (68%) tumors were benign and 30 (32%) 
were malignant (Table 2). Malignant tumors were found 
in 17 women and 13 men. In 19 patients, the set of tested 
color Doppler parameters was not complete. Thus, the 
PSV value was measured in 95 tumors, RI in 94 tumors 
and PI in 74 tumors. 

The color Doppler US was the basic preoperative diag-
nostic tool. When a deep lobe parotid tumor was suspect-
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ed or malignancy was confirmed on cytology, magnetic 
resonance imaging (MRI) or computer tomography (CT) 
was performed to evaluate the tumor extent and local 
invasion. The US examination was performed by two inde-
pendent experienced radiologists. The US linear 6-9 MHz 
probe was used. The patients were placed in the supine 
position, with the neck turned to the contralateral side. 
The region of interest was scanned slowly with a minimal 
probe pressure. 

Longitudinal and transverse scanning planes were 
used to map the color flow signals within the salivary 
gland parenchyma. When a tumor vessel was identified, 
the probe position was adapted into the optimal plane to 
achieve its ideal display. 

The basic US parameters of the tumor (i.e. size, struc-
ture and echotexture), adjacent soft tissue invasion and 
the US signs of potential metastatic lymph node affection 
were studied. The color mapping of the tumor was then 
performed with the determination of the count of sup-
plying vessels, in which three flow parameters, namely 
peak systolic velocity (PSV), resistive index (RI) and pul-
satility index (PI) were evaluated. The PSV, RI and PI 
values equal to or higher than 25 cm/s, 0.8 and 1.8, were 
considered borderlines for malignancy in accordance with 
the referenced literature (Table 1) (ref.2-4,7).

The PSV, RI and PI values for benign tumors were 
compared to those of carcinomas, the differences between 
two groups were then evaluated with Student t–test. 

Individual patients were then categorized according to 
the biological character and clinical stage of their tumors 

as follows: benign tumors (group I), malignant tumors 
staged I+II (group II), malignant tumors staged III+IV 
(group III). Sixty-six patients (68.75%) were classified as 
group I, 17 patients (17.71%) as group II and 13 patients 
(13.54%) as group III.

Peak levels of the PSV, RI and PI in all three groups 
were compared, using ANOVA. All analyses were per-
formed using the statistical software STATA version 10. 
Our results (PSV, PI and RI values) were compared with 
standard values reported in the literature. The level of 
significance was P<0.05

RESULTS

The difference in PSV, PI and RI values between benign 
tumors and carcinomas 

The PSV values ranged from 4 to 90 cm/s (mean 
25.15 cm/s) for the benign tumor group and from 4 to 68 
cm/s (mean 32.74 cm/s) for carcinomas. The PI values 
ranged from 0.64 to 9.4 (mean 2.85) in the benign tumor 
group and from 0.7 to 13.0 (mean 3.14) in the carcino-
mas.  The RI of the benign tumor group ranged from 0.41 
to 1.0 (mean 0.77) and from 0.2 to 1.2 (mean 0.86) in 
the carcinoma group. A statistically significant difference 
(P=0.021) was found between the benign tumors group 
and the carcinomas for RI, but not PI and PSV values 
(Table 3). 

The PSV, PI and RI values depending on clinical stage of  
tumor 

The values of PSV 4 - 90 cm/s (mean 25.15 cm/s), RI 
0.41 - 1.0 (mean 0.77) and PI 0.64 - 9.4 (mean 2.32) were 
found in group I. The values of PSV, RI, PI in groups II 
and III were 5 - 59 cm/sec (mean 24.09 cm/s), 0.2 - 0.9 
(mean 0.83) PI 0.7 - 13 (mean 1.92)  and 4 - 68 cm/s 
(mean 34.54 cm/s), 0.68 - 1.2 (mean 0.89), 1.3 - 7.68 
(mean 3.21), respectively. The differences between the 

Table 1. Color Doppler ultrasound parameters in major 
salivary gland tumors diagnostics. 

Color Doppler US parameters

Quantitative parameters

• The number of supplying vessels. Low-differentiated ma-
lignant tumors usually have richer vessel supply when 
compared with benign tumors6,7. We can see 3 and more 
tumor supplying arteries in the case of malignant tu-
mors2.

Qualitative parameters

• Peak systolic velocity (PSV). PSV in the arteries supply-
ing benign tumors are usually lower that 25 cm/s (ref.2). 
Higher Doppler velocities can be seen in the vessels of  
malignant tumors. Velocity higher than 60 cm/s was 
found in the malignant tumor vessels. Dock et al. rec-
ommends PVS 40 cm/sec as the level for differentiation 
between benign and malignant tumors3.

• Pulsatility index (PI). PI is the ratio between PSV and 
end-diastolic velocity (EDV) difference to the average 
velocity. The tumor with PI value 1.8 and is considered 
as potentially malignant7.

• Resistive index (RI), so called Pourcelot’s index. RI is the 
ratio between PSV and EDV (end diastolic velocity) dif-
ference to PSV. The values 0.8 and higher point to a 
malignant tumor7.

Table 2. Histological types of the primary epithelial 
salivary gland tumors in our study.

No %

Benign tumors 66 68.0
pleomorphic adenoma 37 38.1
cystadenolymphoma 27 27.8
bazocellular adenoma 2 2.01
Malignant tumors 30 32.0
squamous cell carcinoma 6 6.3
adenoid cystic carcinoma 5 5.2
mucoepidermoid carcinoma 4 4.2
adenocarcinoma 4 4.2
ductal carcinoma 4 4.2
carcinoma in pleomorphic adenoma 4 4.2
small cell carcinoma 1 1.0
nondifferentiated carcinoma 1 1.0
myoepithelial carcinoma 1 1.0
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PSV, PI and RI values in groups I, II, III were not statisti-
cally significant (Table 4). 

Using the PSV, PI, RI values reported in the literature 
for distinguishing benign tumors and carcinomas 

Our study confirmed the use of an RI critical value of 
0.8 appearing in the literature2,3,4,7 for distinguishing be-
nign tumors and carcinomas. Thirty-six patients had true 
negative results, in the group of 32 patients false positive 
results were described, 8 patients had false negative results 

and 20 patients true positive results. The sensitivity and 
specificity of the RI parameter in differentiating carci-
nomas from benign tumors were thus 71.4% and 52.9%, 
respectively (Table 5). 

No applicability of the PSV value of 25 cm/s and PI 
value 1.8 for differentiation was demonstrated. 

The PI parameter differentiated carcinomas from be-
nign tumors with a sensitivity of 61.9% and a specifity 
of 49.1%. True negative results were obtained in 26 pa-

Table 3. The difference of the peak systolic velocity, pulsatility index and resistive index values between benign and 
carcinomas (B – benign tumor, C – carcinoma, SD – standard deviation).

Index Tumor No From To Mean SD P value

PSV
B 66 4.0 90.0 25.15 17.49

0.179
C 29 4.0 68.0 32.74 27.50

RI
B 66 0.41 1.0 0.77 0.16

0.021
C 28 0.2 1.2 0.86 0.19

PI
B 51 0.64 9.4 2.85 2.32

0.642
C 21 0.7 13.0 3.14 2.76

Table 4. The peak systolic velocity, pulsatility index and resistive index values depending on the clinical stage of the 
tumor (I, II, III – groups according to tumor clinical stage, SD – standard deviation, ANOVA – test of variance).

Index Groups No Mean SD
ANOVA

P value

age

I 66 54.51 15.82

< 0.001II 17 63.47 14.48

III 13 72.36 11.72

PSV

I 66 25.15 17.49

0.185II 17 24.09 13.45

III 13 34.54 21.65

RI

I 66 0.77 0.16

0.072II 17 0.83 0.22

III 13 0.89 0.16

PI

I 51 2.85 2.32

0.305II 12 1.92 1.14

III 10 3.21 1.88

Table 5. Sensitivity and specificity calculation for parameter RI (B – benign tumor, C – carcinoma, T (-) – negative 
results, T (+) – positive results, RN – right negative result, FP – false positive result, FN – false negative result, RP – 

right positive result).

B C Total

T (-) 36 (RN) 8 (FN) 44

T (+) 32 (FP) 20 (RP) 52

Total 68 28 96

RI: sensitivity 71.4%, specificity 52.9%.
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tients and in 27 patients false positive results. In 8 cases 
we found false negative results and in 13 patients true 
positive results. The PI value was measured in 72 tumors 
(Table 6). 

The parameter PSV can distinguish carcinomas from 
benign tumors with a sensitivity of 60.7% and a specificity 
of 62.7%. In the case of 42 patients, true negative results 
were found and in 25 patients false positive results. The 
result from 11 patients were false negative and from an-
other 17 true positive (Table 7).

DISCUSSION

The role of imaging methods in the evaluation of 
salivary gland tumors is to define their intra- vs. extra-
glandular position, to detect local extension, invasion and 
nodal metastases. All this information can be successfully 
obtained with US, which is a safe, inexpensive and accu-
rate method10, serving as a basic guide for further imaging 
and treatment strategy. US is also expected to provide 
us with information about the status of salivary gland 
tumors, greatly varying between, as well as within, par-
ticular histopathologic entities. However, in this aspect, 
the capability of standard US is rather limited. 

A question which remains is whether color Doppler 
US could be helpful in the determination of the biologi-
cal nature or even the histopathological type of salivary 
gland tumor. 

Izzo et al.7 followed a series of 49 patients with major 
salivary gland tumors who underwent color and power 
Doppler US examinations preoperatively. In benign tu-
mors the peritumoral and in much lesser extent intra-
tumoral vascularisation as measured by a color power 
Doppler US device with 7.5-10 MHz linear probe was 

Table 6. Sensitivity and specificity calculation for parameter PI 
(B – benign tumor, C – carcinoma, T (-) – negative results, T (+) – positive results, RN – right negative result, 

FP – false positive result, FN – false negative result, RP – right positive result).

B C Total

T (-) 26 (RN) 8 (FN) 34

T (+) 27 (FP) 13 (RP) 40

Total 53 21 74

PI: sensitivity 61.9%, specificity 49.1%.

Table 7. Sensitivity and specificity calculation for parameter PSV 
(B – benign tumor, C – carcinoma, T (-) – negative results, T (+) – positive results, RN – right negative result, 

FP – false positive result, FN – false negative result, RP – right positive result).

B C Total

T (-) 42 (RN) 11 (FN) 53

T (+) 25 (FP) 17 (RP) 42

Total 67 28 95

PSV: sensitivity 60.7%, specificity 62.7%.

modest. On the other hand, carcinomas, due to a number 
of arteriovenous shunts and massive neovascularization, 
had a non-homogenous pattern with scattered distribu-
tion of vessels. 

Martinoli et al.6 achieved similar results in their series 
of 62 patients with major salivary gland tumors. They 
described significantly more extensive blood supply in 
the group of malignant tumors.

Some authors found higher vascular resistance as 
a sign of tumor malignancy. Bradley et al.4 examined 
56 patients with major salivary gland tumors. PSV was 
measured and PI and RI calculations were performed 
and particular values were then correlated with the his-
tolopathological diagnosis. The combination of the real 
time ultrasound parameters RI and PI diagnosed benign 
disease with a sensitivity of 89.7% and specificity of 57.1%. 
The positive predictive value was 93.6%. There were no 
significant differences in the colour Doppler appearances 
in terms of vessel type or intratumour distribution which 
could separate benign from malignant conditions. No ma-
lignant lesion showed the PI and RI lower than 1.8 and 
0.8, respectively.

In a study of 49 patients with benign and 13 patients 
with malignant tumors Martinoli et al.6 did not find sig-
nificant differences between groups in RI values (range 
from 0.55 to 1.10 in benign and 0.45 to 1.10 in malignant 
tumors). Contrary to Martinoli, we confirmed a signifi-
cant difference in RI, but not in PI values between benign 
and carcinomas.

PSV is another color Doppler parameter used to ana-
lyze the flows in tumor supplying vessels. In a study on 
130 benign and malignant tumors (44 mammary gland, 
43 liver, 43 other organs) Dock et al. detected generally 
increased (higher than 40 cm/s) PSV values in the latter3. 
Similar results were presented by Stárek who recommend-
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ed PSV 25 cm/s as the level, critical for differentiation be-
tween benign and malignant tumors2. Martinoli suggested 
that a systolic peak flow of 60 cm/s was a threshold for 
differentiating benign from malignant lesions. As some 
of the latter were associated with lower PSV, no reliable 
conclusions could be drawn6. Bradley et al. found PSV 
elevation (>50 cm/s) in some carcinomas, but there was 
no statistical correlation with malignancy in general4. 
Schick et al. demonstrated that pulsed Doppler US dis-
tinguished benign neoplasms from malignant ones with 
a 72% sensitivity and 88% specificity11. The highest PSV 
observed in benign tumors was 19.9 ± 7.7 cm/s, compared 
with 44.4 ± 47.7 cm/s in malignant tumors. The difference 
between velocities of benign and malignant tumors was 
statistically significant11. The outcomes of our study are 
not in accord with these results. 

Given different values of PSV, PI and RI considered 
as threshold between benign and malignant tumors4,7,11 
we, as well as Gritzmann9, are skeptical of their practical 
application. This view was also shared by Bialek in her 
paper on US use in salivary gland diagnostics8.    

Our study, in agreement with Bialek8 and Gritzmann9 
but in contrast to the above studies2-4,7 failed to demon-
strate the applicability of the PSV value of 25 cm/s and 
PI value of 1.8 as the “break points” for the tumor type. 
The PSV values were higher than 25 cm/s in 26 benign 
(27.4%) and 17 malignant tumors (17.9%) (from 95 PSV 
measurements in total) in our study. The PI values higher 
than 1.8 were demonstrated in 25 benign (34.7%) and 
13 malignant tumors (18.1%) (from 72 PI measurements 
in total). 

Our study confirmed that the parameter RI can be 
used for differentiating benign from malignant tumours. 
and confirmed an RI critical value of 0.8 for the distin-
guishing benign tumors from carcinomas. Doppler US 
parameter RI differentiates carcinomas from benign tu-
mors with a sensitivity of 71.4% and specificity of 52.9%. 

Overall, significant differences in PSV and PI between 
benign tumors and carcinomas were not confirmed in 
contrast to some published papers. Similarly, there were 
no significant differences in the PSV, PI and RI values for 
particular clinical stages of the latter. 

CONCLUSION

We confirmed the usefulness of the color Doppler RI 
parameter in differentiating benign salivary gland tumors 
from malignant ones. For other parameters (PSV and PI) 

no significant differences between benign tumors and car-
cinomas were. The study failed to confirm the benefit 
of the color Doppler US in the differentiation between 
benign tumors and clinical stages of carcinomas. 
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