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Evaluation of different aspects of power Doppler 
sonography in differentiating and prognostication 
of breast masses
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Background: We conducted our study on 1110 patients with breast masses in order to investigate different aspects of power 
Doppler sonography (PDS) for differentiating between benign and malignant breast lesions and their prognostication. 
Materials and Methods: This study was conducted on the women who were referred to the sonography units of University Hospitals 
for breast sonography and had a BIRADS-3 mass or higher in gray scale sonography. Then, PDS was performed for all the patients. 
Vascularization, number of vessels, resistance index (RI), pulsatility index (PI), and vascularization patterns were evaluated for 
all the lesions. We compared our radiologic findings concerning different histopathologic and hormonal aspects of the lesions. 
Results: The differences between mean vascular density in malignant lesions concerning size of the tumor, histological grade, 
stage, and hormone receptor status were statistically significant. Although, there was an overlap between benign and malignant 
values. A resistive index (RI) value higher than 0.83 as a sign for malignancy had sensitivity equal to 75% and specificity equal to 
97% (P = 0.04 and 0.03, respectively). A PI value higher than 1.6 has a sensitivity and specificity value of 70% and 98%, respectively, 
as a malignancy sign (P = 0.02 and 0.04, respectively). Conclusion: It seems that while malignant tumors have significantly higher 
number of vessels in comparison to benign one, since the number of vessels overlap between benign and malignant tumors, this 
aspect has little clinical usefulness in distinguishing or prognostication of breast masses. In contrast RI, PI, and vascularization 
pattern have an ability to differentiate and predict the prognosis of breast lesions.
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We conducted a prospective study on 1100 patients with 
breast masses in order to investigate different aspects 
and the usefulness of power doppler sonography (PDS) 
for differentiating between benign and malignant breast 
lesions. We also compared our radiologic findings 
concerning different histopathologic and hormonal 
aspects of the lesions (stage, grade, tumor hormonal 
receptors). Furthermore, we investigated the possibility 
of defining criteria to predict the malignancy of breast 
masses by PDS.

MATERIALS AND METHODS

This is a cross-sectional study conducted between 
February 2010 and April 2013 with women referred to 
the sonography unit of two main hospitals of Isfahan 
(Isfahan Seyed Alshohada and Alzahra Hospital) for 
breast sonography and having a mass reported in 
their gray scale sonography. After conducting gray 
scale sonography, patients with masses classified as 
BIRADS-3 and higher entered the study until selection 

INTRODUCTION

Breast cancer, the most common cancer in the women’s 
population, is the second mortality cause of cancer in 
this group and the most important mortality factor 
among women aged 45-55 years.[1-3]

These statistics emphasize the necessity of screening 
and early diagnosis of breast cancer.[3-6] Nowadays, 
sonography is one of the main methods for diagnosing 
breast diseases and is included in lot of procedures to 
detect and evaluate breast lesions.[6-9] The criteria for 
differentiating between benign and malignant lesions 
from gray scale sonography are widely accepted.

[10-12] 
Although tumor vascularization is becoming highly 
important in prognostic, diagnostic, and possibly 
therapeutic terms, there have always been controversies 
in different studies to define acceptable criteria for 
differentiating benign and malignant breast lesions by 
Doppler sonography (DS).[8,10,13-17] Some studies have 
even doubted its usefulness.[17-19]
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of the expected sample size (n = 1110). Those with breast 
masses categorized lower than BIRADS-3, did not cooperate 
in administration of core needle biopsy, excisional biopsy 
or follow-up sonography and the patients whose lesions 
fulfilled the criteria for simple breast cysts were excluded 
(189 patients).

Patients with BIRADS-4 and BIRADS-5 masses underwent 
core needle biopsy or excisional biopsy, and they were 
categorized into benign or malignant lesions according 
to their pathologic report. For BIRADS-3, patients were 
followed up by sonography 6 and 12 months after the first 
sonography.[6,7,20] If there was no change in the gray scale 
sonography images after 6 and 12 months, the mass was 
considered benign; and in case of any suspicious changes in 
the gray scale sonography image, the mass was considered 
a BIRADS-4 or 5. This would require a complementary core 
needle biopsy or excisional biopsy to have a differential 
diagnosis of a benign or malignant mass based on the 
results.

Since color power PDS is 3-5 times more sensitive than 
DS, we performed PDS instead of DS.[10,21] Between 10 and 
15 days after the last gray scale sonography, PDS was 
performed by a fixed and experienced radiologist who was 
blinded to the pathologic and previous radiologic reports 
of the patients. All of the radiologic studies were done by 
a G40 SIMENSE ultrasound machine with a 5-10 MHz 
linear transducer. The entire lesion was carefully examined 
from side to side and from top to bottom. We were careful 
to apply as little pressure as possible on the transducer to 
prevent collapsing the small tumor vessels. We considered 
our exploration positive if at least one vessel with arterial 
flow pattern was detected inside the tumor. The entire 
examination was recorded with a video recorder.

The total numbers of tumor vessels were recorded, and 
vascularization density was calculated from 

For lesions detected to have vascularization, resistive index 
(RI), and pulsatility index (PI) were obtained for up to 5 
vessels according to accepted standards.[10] For each lesion, 
the mean RI and PI values were calculated and considered 
the RI and PI value.

The pattern of detectable tumor vessels was analyzed and 
classified on the basis of the course, morphology and size of 
the vessels. We considered non vascular tumors as type 1, 
those with single, approximately similar size, monomorphic 
vessels which the vessels gently curved along the margin 
of the masses as benign type or type 2, and those with 

irregular or tortuous courses in which vessels penetrated 
the tumor and varying in size and shape as malignant type 
or type 3.[19,22]

Regular histologic analyses of breast tumors were 
assessed by 2 fixed pathologists. For all cancers, the 
histologic types were classified according to World 
Health Organization criteria.[24,29] Tumor grading was 
performed according to modified previously published 
criteria.[23,24] Tumor stage (Tumor size, nodal status, 
and metastasis) was also evaluated after surgical 
removal of the masses. The tumor hormonal receptor 
status (estrogen receptor [ER], progesterone receptor 
[PR], and HER-2neu expression) was determined 
immunohistochemically.

This was a descriptive analytical study. The Chi-square 
test was conducted to compare qualitative sonographic 
values; and the independent t-test and the ANOVA tests 
were adopted to compare quantitative sonographic 
values between two groups. The receiver operating 
characteristic curve was used to reach a cutoff point for 
each quantitative criterion in the diagnosis of mass type 
(benign or malignant).

RESULTS

We studied 1110 breast masses (343 malignant and 767 
benign). The patients age ranged between 33 and 79 (mean 
age of 50 years, standard deviation 18 years). All of our 
patients were female.

The difference between mean vascular density in benign 
and malignant lesions was statistically significant (P = 0.001) 
[Table 1].

The differences between mean vascular density in 
malignant lesions concerning size of the tumor, 
histological grade, stage, and hormone receptor status 
were statistically significant [Table 2]. On the other hand, 
differences between mean vascular density in malignant 

Table 1: Vascular density in malignant and benign tumors
Characteristics Benign (%) Malignant (%)
Total number (from 1110) 767 (69) 343 (31)
Mean vascular density 2.1 4.9
Median 0.00 5.50
SD 1.7 3.5
Percentiles

25 0.00 3.10
50 0.00 5.50
75 1.70 6.60

P 0.001
The Student t-test showed a significant difference in benign and malignant lesions 
concerning vascular density (P = 0.001); SD = Standard deviation
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lesions concerning lymph node invasion and metastasis 
were not statistically significant [Table 2].

The results of Tukey post-hoc test for groups which have 
shown statistically significant difference according to 
ANOVA have been demonstrated in Table 3.

In masses where vessels were detected and for which it had 
been possible to obtain Doppler spectral waveforms, RI 
and PI were both significantly higher in malignant tumors 
[Table 4].

It was revealed that an RI value higher than 0.83 as a sign 
for malignancy had sensitivity equal to 75% and specificity 
equal to 97%. Furthermore, a PI value higher than 1.6 has a 
sensitivity and specificity value of 70% and 98%, respectively, 
as a malignancy sign [Table 5]. We have chosen these cut of 
points due to their highest specificity and moderate sensitivity 
in comparison to their nearby values. Furthermore, the PI 
value of 0.9 has the sensitivity of 89%, however, the specificity 
was equal to 51%. The RI value of 0.64 has a sensitivity of 
88%, however, the specificity was equal to 59%. Sensitivity 
and specificity for other cut-off points are shown in Table 6.

Table 2: Association of mean vascular density, RI and PI with histopathologic and clinical characteristics in malignant 
tumors
Characteristic n (%) Mean vascular ± SD density P RI ± SD P PI ± SD P
Pathologic size (mm)*

1-20 213 (62) 4.7±3.2 0.001 0.73±0.11 0.1 1.61±0.35 0.07
20-50 123 (36) 5.2±3.3 0.74±0.13 1.65±0.31
>50 7 (2) 6.1±2.2 0.77±0.13 1.66±0.24

Lymph node status**
Positive 182 (53) 4.7±3.1 0.51 0.79±0.2 0.45 1.56±0.29 0.15
Negative 160 (47) 4.5±3.2 0.77±0.21 1.55±0.38

Metastasis**
Positive 55 (16) 5.0±2.9 0.27 0.80±0.18 0.6 1.59±0.39 0.09
Negative 288 (84) 4.7±3.3 0.78±0.21 1.57±0.30

Histologic grade*
1 137 (40) 4.4±3.2 0.001 0.66±0.17 0.005 1.47±0.29 0.01
2 144 (42) 4.7±3.4 0.72±0.14 1.55±0.33
3 62 (18) 5.6±3.2 0.83±0.10 1.66±0.38

Stage*
0 34 (10) 4.1±3 0.05 0.67±0.12 0.001 1.41±0.41 <0.001
1 69 (20) 4.5±3.2 0.69±0.11 1.47±0.39
2 93 (27) 4.5±3.3 0.68±0.18 1.50±0.47
3 93 (27) 4.8±3.3 0.75±0.20 1.58±0.45
4 54 (16) 5.2±3.6 0.84±0.09 1.69±0.38

ER**
Positive 223 (65) 4.1±3.0 0.05 0.71±0.19 0.001 1.46±0.41 0.001
Negative 120 (35) 4.9±2.8 0.83±0.15 1.65±0.44

PR**
Positive 192 (56) 4.3±3.1 0.05 0.73±0.13 0.01 1.50±0.39 0.07
Negative 151 (44) 5.2±3.2 0.82±0.12 1.53±0.38

Her2-neu**
Positive 113 (33) 5.0±2.8 0.048 0.82±0.26 0.001 1.42±0.37 0.001
Negative 230 (67) 4.1±3.0 0.73±0.16 1.55±0.40
Triple negative (ER−, PR−, Her2-neu −)** 27 (26) 5.3±2.2 0.001 0.99±0.05 1.86±0.28 <0.001
Triple positive (ER+, PR+, Her2-neu +) 74 (74) 3.9±2.4 0.75±0.10 <0.001 1.49±0.35

*ANOVA test has been used to calculate P value (post-hoc test has been applied for these groups); **Student t-test has been used to calculate P value. ER = Estrogen receptor; 
PR = Progesterone receptor; SD = Standard deviation; RI = Resistive index; PI = Pulsatility index; Her2 = Human epidermal growth factor receptor2

Table 3: Results of Tukey post-hoc test for groups which have shown statistically significant difference according 
to ANOVA
Characteristic Groups with statistically significant difference P value for mean vascular density P value for RI P value for PI
Pathologic size (mm) 1-20 and >50 0.01 — —
Histologic grade 1 and 3 0.001 0.001 0.01
Stage 0 and 4

1 and 4
0.01
0.01

0.005
0.001

0.001
0.001

Tukey post-hoc test showed a significant difference between the groups (P < 0.05). RI = Resistive index; PI = Pulsatility index
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Considering different patterns of vascularization, 81% of 
malignant lesions revealed type 3 pattern while only 5% of 
benign lesions possessed this pattern [Table 7].

Sensitivity for type 3 was 81% while its specificity was 95%, 
positive predictive value for type 3 pattern was 89%, and 
negative predictive value 90%.

DISCUSSION

Since the role of angiogenesis was revealed in the growth 
and expansion of malignant lesions, lot of efforts have been 
made to differentiate malignant masses from benign ones, 
predicting the prognosis of the lesions and even treating 
them using this characteristic.[10,17-19,23,25,26] DS is a fast, cheap, 
and noninvasive method to evaluate vascularization.[10] 
DS can be especially useful for breast masses because of 
their superficial location;[12,18,19,23] hence lot of studies have 
been conducted to evaluate the efficiency of this method 
in discrimination of benign and malignant lesions and 
predicting the prognosis.[17,26-28] Until now, lot of parameters 
have been evaluated like number of vessels, blood flow, RI, 
PI, vascularization pattern, etc.[8,24] However, there have been 
always considerable controversies in the results.[10,17-19,26,28] 
This can be due to different methods of collecting patients, 
assessing the lesions and the small number of patients 
in the majority of these studies. Although some studies 
have suggested that other methods such as magnetic 
resonance imaging or contrast enhanced DS will increase the 
sensitivity and specificity of detection,[19] but these methods 

are more time-consuming, expensive, and relatively 
invasive.[10] Therefore, it seems valuable to find clinically 
useful parameters for differentiating or prognosticating 
breast cancer by DS.

To our knowledge, this study is by far the largest study which 
has been conducted on this topic and also the first one in the 
Middle East. Since breast cancer has different characteristics 
in different regions of the world, it is important to compare 
findings from different regions with each other in order to 
reach a better understanding of the subject.[29]

To evaluate the potential of PDS in differentiating between 
malignant and benign breast lesions, we studied different 
parameters. First, we studied the mean vascular density 
(number of vessels per cm2 of lesion). According to our 
results, mean vascular density was significantly higher in 
malignant versus benign breast masses. Since other studies 
have suggested that the tumors’ size may be associated with 
a higher detection of vessels in malignant lesions,[10,15,16,30] 
logistic regression was performed to control the effect of 
the tumor size. It was revealed that higher detection rates of 
vessels on breast cancers are correlated with the malignant 
nature of the tumor itself. However, the values of malignant 
and benign lesions overlap significantly [Figures 1-3]. Hence, 
like many other studies, it was confirmed in our study 
that the number of vessels has little clinical usefulness in 
distinguishing between benign and malignant tumors.[17-19,23]

Resistive index and PI were other parameters that were 
evaluated. In those lesions in which we were able to obtain 
RI and PI, both were significantly higher in malignant 
tumors in comparison to benign ones. The reason may be 
the abnormal structure of vessels in malignant tumors, 
especially as this was suggested in other studies.[10,31] 
However, this needs further investigation. Although RI and 

Table 6: Specificity and sensitivity of other values of RI and PI
RI Specificity (%) P Sensitivity P PI Specificity P Sensitivity P
0.80 81 0.05 79 0.04 1.3 83 0.02 79 0.04
0.81 86 0.03 77 0.04 1.4 89 0.06 75 0.04
0.82 90 0.04 76 0.03 1.5 91 0.05 73 0.04
0.84 97 0.05 70 0.04 1.7 98 0.04 67 0.04
0.85 98 0.03 64 0.05 1.8 98 0.03 65 0.03
0.86 98 0.01 62 0.04 1.9 98 0.01 60 0.01
ROC curve has been used. RI = Resistive index; PI = Pulsatility index; ROC curve = Receiver operating characteristic curve

Table 5: Diagnostic value of various findings on Doppler Sonography as a sign of malignancy
Doppler 
finding

True 
positive (n)

True 
negative (n)

False 
positive (n)

False 
positive (n)

Specificity 
(%)

P Sensitivity 
(%)

P Positive 
predictive 
value (%)

Negative 
predictive 
value (%)

Accuracy 
(%)

RI >0.83 258 741 26 85 97 0.03 75 0.04 90 89 90
PI >1.6 240 749 18 103 98 0.04 70 0.02 93 88 89
ROC curve has shown statistically significant specificity and sensitivity for both RI >0.83 and PI >1.6 (P < 0.05). RI = Resistive index; PI = Pulsatility index; ROC curve = Receiver 
operating characteristic curve

Table 4: Mean RI and PI of benign and malignant tumors
Group Benign Malignant P
RI 0.63±0.08 0.78±0.23 0.006
PI 1.13±0.38 1.49±0.51 0.001
Student t-test showed a significant difference in mean RI and PI of benign and 
malignant lesions (P < 0.05). RI = Resistive index; PI = Pulsatility index
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Table 7: Patterns of vascularization in benign and 
malignant lesions
Finding Total number Type 1 (%) Type 2 (%) Type 3 (%) P
Benign 767 452 (59) 276 (36) 39 (5) 0.001
Malignant 343 62 (18) 44 (13) 277 (81)
Chi-square test showed a significant difference between vascularization patterns of 
benign and malignant lesion’s (P = 0.001)

Figure 1: View of a benign lesion in color Doppler sonography without vascularization

Figure 2: View of a malignant lesion in color Doppler sonography without 
vascularization

Figure 3: View of a malignant lesion in color Doppler sonography with penetration 
of vessels

PI values for benign and malignant tumors overlap, making 
their interpretation difficult, we were successful in defining 
a cut-off point for PI and RI to differentiate between benign 
and malignant lesions. As a sign of malignancy, the detection 
of RI >0.83 presented a specificity of 97% and sensitivity of 
75%, respectively. Furthermore, a PI value >1.6 presented 
a specificity of 98%, positive and sensitivity of 70%. Other 
studies reported different results for PI and RI as a sign of 
malignancy.[10,32] This may be due to differences between the 
population of the studies or a different methodology.[10,32] For 
instance, Del Cura et al. reported the highest PI or RI, which 
they had calculated for each lesion while we reported the 
mean.[10] Again it seems further investigation is necessary to 
reach acceptable cut of points for PI and RI.

We also studied vascularization patterns of malignant and 
benign lesions. Although there are different factors which 
can be analyzed separately concerning the pattern of vessels, 
it seems the combination of size, course, and shape is more 
practical and may lead to more accurate results.[19] Our 
results showed type 3 (malignant type) has a sensitivity of 
81%, specificity of 95%, positive predictive value of 89%, and 
negative predictive value of 90% as a sign of malignancy. 
It seems this parameter can be useful in differentiating 
between benign and malignant lesions. Our findings are 
consistent with other studies.[19] However, it is necessary 
to describe these patterns further in other studies in order 
to make them more precise and applicable.

There have been controversies between different studies 
about the usefulness of DS in predicting the prognosis and 
response to the treatment of breast cancer.[10,30,33] Some authors 
have found a correlation between DS findings and different 
prognostic factors like Lymph node metastasis, size of the 
tumor, pathologic grade, hormone receptor status etc.,[23,34] 
while others have not found any relationships.[10,30] But lot of 
these studies have been conducted on very small population, 
and their evaluation may be not accurate. To evaluate these 
features of PDS, we studied mean vascular density, RI and 
PI. We found a positive correlation between mean vascular 
density and tumor size, pathologic grade, stage, ER status, 
PR status, HER 2 neu status, and combination of PR, ER, 
and HER 2 neu status, while for lymph node and metastasis 
status, we did not find any correlation.

But once more, because of the overlap of the values, there 
seems to be little clinical usefulness. Furthermore, a positive 
relationship was revealed between RI and PI with pathologic 
grade, stage, ER status, PR status, HER 2 neu status, and 
combination of PR, ER, and HER 2 neu status. But again, 
there was the overlap problem between values, except 
for one prognostic factor. Triple-negative breast cancers 
(ER−, PR−, and HER2 neu-) are considered tumors with 
one of the poorest prognoses since they have commonly 
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high pathologic grade, high stages, and poor response to 
systematic treatments. In this study, we find out that a RI 
value equal or higher than 0.92 and PI value equal or higher 
than 2.21 can be a sign of triple negative tumors with a 
sensitivity of 98% and 99% and specificity of 99% and 99%, 
respectively. By our knowledge, this is the first research in 
which a positive correlation between triple-negative tumors 
and PDS findings has been confirmed. Thus, it needs to be 
confirmed by other studies. But the fact that we were able 
to find a cut-off point with high sensitivity and specificity 
shows that PDS have a high potential in prognostication of 
breast cancers as some other authors have mentioned it.[23,34,35]

To conclude, it seems that while malignant tumors have 
significantly higher number of vessels in comparison to 
benign one, since the number of vessels overlap between 
benign and malignant tumors, this aspect has little clinical 
usefulness in distinguishing or prognostication of breast 
masses. In contrast, RI, PI, and vascularization pattern have 
a good ability to differentiate and predict the prognosis of 
breast lesions. Hence, further studies should be conducted 
to evaluate these parameters.
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