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Breast cancer is the second most common malignancy 
in women after lung cancer, and has the highest 

mortality rate among all women’s cancers.1 The 
incidence of breast cancer in Iran has become
increasingly more common in recent years. Well-
established risk factors include family and personal 
history, obesity, diet, and alcohol, as well as hormonal 
and sexual factors.2 Studies demonstrated the mean age 
of presentation to be 55 years in Western countries and 
10 years earlier (45 years) in Iran.3  

Difficulties in the diagnostic process of cancer and its 
psychological burden lead to a substantial delay in the first 
medical visit, resulting in an initial diagnosis at advanced 
stages.4 Ultrasonography is a non-invasive, less expensive, 
and widely available modality that could be utilized for a 
fast, easy, and yet reliable diagnosis. Adding sonography 
to mammography examination in patients with highly 
dense breasts increases the sensitivity and specificity of 
mass detection from 50% to 77.5%.5  
Tissue vascularity depends on its metabolic activity. 

Abstract 

Breast cancer is the leading cause of cancer mortality in women, and it is on the rise in Iran. 
Therefore, an early-stage diagnosis of breast cancer is of critical importance. Because ultrasound 
is one of the available, inexpensive, and minimally invasive techniques for distinguishing 
malignant from benign masses, a comparison of conventional ultrasound, color Doppler, and 
spectral Doppler findings can be useful. The purpose of this study was to determine the diagnostic 
value of sonographic indices, specifically Doppler parameters, in identifying the nature of breast 
masses. This is a cross-sectional study, with diagnostic value analysis. Before undergoing a biopsy, 
80 patients with breast masses underwent B-mode and Doppler breast ultrasound. The ultrasound 
findings were then compared to pathologic results to determine which groups were malignant or 
benign. The resulting data were analyzed using statistical tests and diagnostic values with SPSS 
22 software. B-mode grey-scale ultrasound indices such as mass shape, mass margin, mass 
orientation, and posterior features, as well as Doppler indices such as vascularity, RI (Resistive 
Index), PI (Pulsatility Index), and PSV (Peak Systolic Velocity), were found to be statistically 
significant with pathological findings. Color Doppler revealed vascularity in 65% of benign and 
84% of malignant masses. The diagnostic value results revealed that mass shape, mass margin, 
mass orientation, and posterior features all play a significant role in predicting lesion malignancy, 
with a sensitivity of 92%, 58%, 64%, 56%, and specificity of 59%, 66%, 82%, and 84%, 
respectively. The RI, PI, and PSV indices were significantly higher in malignant masses, and all 
of them had remarkable diagnostic values in predicting malignancy, with a (Area Under The 
Curve) AUC of 0.863, 0.882, 0.702, a sensitivity of 84% and 84%, 68%, and a specificity of 83%, 
86%, and 62%, respectively, at the optimal cut-off points (0.65, 1.32, 12.40) obtained from the 
Receiver Operating Characteristics (ROC) curves.  
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Most malignant tumors have high metabolic demands in 
contrast to benign lesions and cause neovascularization.6 
The use of color and spectral Doppler ultrasound in the 
description of breast lesions is becoming more and more 
popular in recent years. Resistive Index (RI) has been 
the most popular variant in studies. RI, Pulsatility Index 
(PI), Peak Systolic Velocity (PSV), and pattern of 
vascularity distribution (peripheral dominant or central 
dominant) all could play a role in the differentiation 
between benign and malignant lesions. In general, more 
penetrating central vessels and higher quantities of RI, 
PI, and PSV are considered malignant factors. However, 
the overlaps with non-malignant lesions should be kept 
in mind. 
The advent of new sonographic techniques like color and 
spectral Doppler has inspired several studies on 
improving the sensitivity and specificity of Ultrasound.7,8 
Results of studies on color Doppler ultrasound show a 
diagnostic overlap between neoplasms and highly 
vascular benign lesions,9 thus the differentiation between 
benign and malignant masses, only based on Doppler 
findings, is not recommended. However, the application 
of both B-mode and Doppler simultaneously increases 
the sensitivity and specificity of malignant tumor 
characterization. Currently, color and spectral Doppler 
parameters are not part of routine ultrasound 
examinations due to the controversial results in the 
limited number of studies in the field. Several studies 
have assessed the advantages of color Doppler, power 
Doppler, spectral Doppler, and vascular distribution to 
distinguish malignant tumors from benign lesions, and 
they have published various results. 
As treatment of advanced breast cancers is currently a 
radical mastectomy and the patient is normally exposed 
to unavoidable physical and mental complications and 
surgical risks, studies to confirm the high sensitivity and 
specificity of Doppler ultrasound in a timely and more 
reliable diagnosis of breast cancer seem to be of crucial 
importance. 
 
Material and Methods 
Approval 
The study was approved by the "institutional review 
board" and "research ethics committee". Informed consent 
was obtained from all patients verbally. 
 
Study design and population 
In this diagnostic value and cross-sectional study, the 
target population consisted of 80 women with solid breast 
masses who were candidates for Core-needle biopsy in 
Shahid Akbarabadi and Firoozgar Hospital in Tehran, 
from January to December 2020. 
Patients with solid breast mass that is indicated for biopsy 
were included in this study. 
Patients with a cystic lesion, those who had received prior 
neoadjuvant chemotherapy or surgery, or the ones with a 
previous pathologic study as well as those without consent 
for biopsy or joining the study, were excluded from our 
target group.  

Data recording 
Ultrasound examination was performed by expert 
radiologists using a Philips ultrasound device with a linear 
high-frequency probe. A targeted biopsy was done by the 
interventionist. Pathologic study as the gold standard 
diagnostic tool was performed by an expert pathologist. 
Morphology of each breast mass in B-mode gray-scale 
sonography, considering ACR-BIRADS was evaluated. 
Doppler sonography features of the lesion, such as 
vascularity, vascular pattern, RI, PI, PSV, and AT criteria 
measurements were also included. Sonographic results 
were compared to the final pathologic results (gold 
standard).  
 
Statistical analysis 
For statistical analysis, the software SPSS version 22.0 
was used. Categorical variables were compared, using the 
Chi-square test. P-values of 0.05 or less were considered 
statistically significant. ROC (Receiver Operating 
Characteristic) curves were used to determine the optimal 
cut-off points to predict malignant breast masse with the 
highest specificity and sensitivity. 
 
Results 
80 women, aged 13 to 77, were included in this study. 
Among these patients, 44 patients (55%) had benign 
pathology and 36 patients (45%) showed malignant 
histology. The frequency of B-mode and Doppler 
parameters based on pathologic reports were gathered in 
Table 1. The statistical correlation between B-mode, color, 
and spectral Doppler parameters with pathologic results 
was also delineated in Table 1. 
There was a significant relationship between grey scale 
B-mode parameters including mass shape, mass margin, 
mass orientation, and posterior features with pathologic 
results (p value<0.05). 
The relationship between the lesion vascularity and the 
pathologic nature of masses was statistically significant 
in the 95% confidence interval (p value<0.05). Twenty 
masses were avascular and 60 masses were vascular in 
color Doppler evaluation, among 20 completely avascular 
lesions, 75% were pathologically benign and only 5 
masses were malignant.  
The relationship between vascularity type and pathology 
was not significant. However, it should be noted that only 
three patients had central vascularity, and all of them were 
malignant. However, this quantity could not be evaluated 
statistically. 
Pulsatility Index, Resistive Index, and Peak systolic 
velocity were significantly higher in malignant tumors 
compared to benign lesions. However, the relationship 
between Acceleration Time and pathology was not 
significant. 
The mean value and the Standard Deviation (SD) of the 
spectral Doppler parameters are shown in Table 2, based 
on the pathologic nature of the mass. Resistive Index (RI) 
averages were 0.60 for benign lesions and 0.74 for 
malignant lesions. The mean value of PI was 1.05 and 
1.59 in benign and malignant lesions, respectively. Mean 
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PSV values for benign and malignant lesions were 12.79 
and 20.7, respectively. The average value of Acceleration 
Time (AT) was measured to be 75.45 for malignant lesions 
and 57.90 for benign ones. 
To find out the diagnostic value of spectral Doppler 
ultrasound in distinguishing between malignant and 
benign lesions, we found that spectral indices, including 
PSV (AUC=0.702), RI (AUC=0.863), and PI 
(AUC=0.882) were capable of differentiating malignant 
from benign lesions. The optimal cut-off points for RI, PI, 
and PSV were 0.65 (sensitivity=84%, and specificity= 
83%), 1.32 (sensitivity=84%, and specificity=86%), 12.4 
(sensitivity=68%, and specificity=62%), respectively 
(Figure 1, Table 3). 
Table 4 summarizes the area under the curve (AUC), 
sensitivity, and specificity for B-mode and color-Doppler 

indices. The B-mode variables have an acceptable ability 
to differentiate between benign and malignant breast 
masses. Based on the results, the diagnostic value of them 
was statically significant (p value <0.05). 

 
Discussion 
In our study, the mean age of patients was 43.03±12.10. 
The youngest was 13 years old and the oldest was 77 
years old.  
Among the indicators related to B-mode ultrasound, the 
variables of mass shape, mass margin, mass orientation, 
and posterior features were significantly related to the 
pathology results in the Chi-square test. According to the 
results of Table 1, Oval and round mass shapes were seen 
more frequently in benign masses and irregular shapes 
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Table 1. Evaluation of relationship between B-mode, color and spectral Doppler parameters with pathology results. 

Variable                            Type                                                                       Pathology                                       P  
                                                                                                        Benign                   Malignant                     value 
                                                                                                           (%)                            (%)                                

Mass shape                        Oval                                                         28.8                            3.8                            0.00 
                                          Round                                                       3.7                             0.0                                 
                                          Irregular                                                   22.5                           41.2                                

Mass margin                      Circumscribed                                         16.2                            1.2                            0.00 
                                          Indistinct                                                  10.0                            7.5                                 
                                          Angular                                                    10.0                           10.0                                
                                          Micro lobulated                                       16.2                            7.5                                 
                                          Speculated                                                2.5                            18.8                                

Mass orientation               Parallel                                                     45.0                           16.2                           0.00 
                                          Not parallel                                              10.0                           28.8                                

Posterior features              No features                                              46.3                           20.0                           0.00 
                                          Shadowing                                                3.7                            20.0                                
                                          Enhancement                                            5.0                             5.0                                 

Vascularity                        Present                                                     36.2                           38.8                           0.03 
                                          Absent                                                      18.7                            6.3                                 

Vascularity pattern            Peripheral                                                 21.6                             20                             0.22 
                                          Central                                                      0.0                             5.0                                 
                                          Combined                                                26.7                           26.7                                

PI                                       Lower than 1.3                                         36.7                            8.3                            0.00 
                                          1.3 and higher                                          11.7                           43.3                                

RI                                      Lower than 0.65                                       36.7                            8.3                            0.00 
                                          0.65 and higher                                        11.7                           43.3                                

PSV (cm/s)                        Lower than 12.4                                       30.0                           16.7                           0.02 
                                          12.4 and higher                                        18.3                             35                                 

AT (ms)                             Lower than 70                                          30.0                           23.3                           0.18 
                                          70 and higher                                           18.3                           28.4                               
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were more common in malignant masses. The mass 
margin including circumscribed and micro lobulated were 
found mostly in benign masses and speculated in 
malignant masses. The parallel orientation was in favor of 
benign lesions. Posterior shadowing was seen with higher 
frequency in malignant masses. 
Mass shape variable had a high sensitivity (92%) in 
predicting malignant lesions. As a result, oval and round 
masses are more likely to rule out malignancy. Also, the 
variables of mass orientation and posterior features had high 
specificity of 82% and 84%, respectively, which indicates 
that the masses are not parallel and have posterior 
shadowing increasing the probability of malignancy. In 
Keshavarz’s study, cystic solid masses, not circumscribed 
margin and mixed echogenicity were significantly higher 
in malignant masses.10 Also in the study of Shobeiri et al., 
6.5% of benign masses and 93.5% of malignant masses had 
posterior shadowing.11 In our study, 15.8% of benign 
masses and 84.2% of malignant masses had this feature, 
respectively. In their study, like us, posterior shadowing had 
a high specificity (93%). In their study, unlike our study, 
mass margin had high sensitivity and specificity (89% and 
93%, respectively). Ibrahim also stated in his study that 
mass margin and posterior features are important 
parameters in predicting malignancy.12  
In this study, we utilized Doppler ultrasound abilities to 
distinguish malignant tumors from benign lesions. 80 

patients with 80 breast masses were examined and 60 
masses had detectable vascularity. We found that 
malignant masses (86%) show vascularity more than 
benign lesions (64%), however, the low specificity (34%) 
and the high sensitivity (86%) of this variant in our study, 
are compatible with a low probability of malignancy in 
avascular lesions. Our results showed a statistically 
significant difference between malignant and benign 
lesions vascularity with pathologic nature of masses which 
is consistent with previous studies, i.e., Badau et al. 
(malignant=89%, benign=56%),13 Sevensson et al. 
(malignant=95%, benign=46%),9 and McNicholas et al. 
(malignant=87%, benign=68%).14 However, specificity 
and sensitivity for vascularity detection in malignant 
masses in studies conducted by Shobeiri et al. (spe:87%, 
sen:63%),11 Del Cura et al. (spe:64%, sen:68%)15 and 
Ahmadinejad et al. (spe:90%, sen:68%)16 are not 
consistent with our results. 
While many researchers have tried to differentiate 
malignant lesions from benign ones by using blood flow 
in the breast mass, the results of these studies seem to be 
controversial. Several studies have shown that the color 
Doppler signal is not always a malignant feature. In 
general, vascularization increases in high-grade malignant 
tumors and high-cellular benign lesions, because low-
grade malignant tumors may not have detectable 
vascularity.9,17 
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Table 2. Comparison of mean and standard deviation of spectral Doppler indices according to pathology 

Pathology                                  RI                              PI                            PSV                            AT  

Benign                                     0.60±                         1.05±                        12.79±                       57.90± 
                                                  0.08                           0.29                          10.43                         33.22  

Malignant                                 0.74±                         1.59±                         20.7±                        75.45± 
                                                  0.09                           0.41                          14.10                         45.41  

Overall                                     0.67±                         1.33±                        16.88±                       66.97± 
                                                  0.11                           0.45                          13.00                         40.63

 
Table 3. Optimal cut-off points of spectral Doppler indices and the results of spectral Doppler ultrasound diagnos-
tic value. 

Variable                  AUC                 Specificity (%)         Sensitivity (%)          Cut-off point                 P value 

RI                            0.863                            83                              84                             0.65                           0.00 

PI                            0.882                            86                              84                             1.32                           0.00 

PSV                         0.702                            62                              68                             12.4                           0.00 

AT                           0.602                            65                              55                              70                             0.07

Non
-co

mmerc
ial

 us
e o

nly



Diagnostic value of Doppler ultrasound in the diagnosis of breast masses 
Eur J Transl Myol 34 (2) 12372, 2024 doi: 10.4081/ejtm.2024.12372

Ahmadinejad et al. also states that with the increasing 
sensitivity of new ultrasound devices, the presence or 
absence of blood flow is not enough to differentiate breast 
lesions, and we must use other indicators, such as 
quantitative Doppler spectral variables and B mode 
findings.16 In our experience, excessive pressure of the 
probe during ultrasound examinations on the breast tissue, 
especially in superficial masses, could affect the detection 
of vascularity of the mass.  

The patterns of vascularity (including peripheral, central, 
and combined) were not significantly correlated with 
pathologic results in our statistical analysis. Although the 
central pattern was seen in only three masses, all of which 
were malignant, this number is not statistically valuable. 
Peripheral and combined patterns were also seen almost 
equally in malignant and benign masses. These findings 
were inconsistent with previous studies including 
Keshavarz et al., Kwak et al., Sevensson et al., Ibrahim 
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Figure 1. ROC curves of RI, PI, PSV, AT variables.

 
Table 4. Results of diagnostic value of B-mode ultrasound and color Doppler to determine lesion malignancy. 

Variable                                   AUC                 Specificity (%)         Sensitivity (%)               P value  

Vascularity                               0.602                            34                              86                             0.12  

Vascularity pattern                   0.504                            55                              61                             0.95  

Mass shape                               0.754                            59                              92                             0.00  

Mass margin                            0.736                            66                              58                             0.00  

Mass orientation                      0.721                            82                              64                             0.00  

Posterior features                     0.715                            84                              56                             0.00
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et al., and Reza et al.,9,10,18-20 in which peripheral patterns 
of vasculature favored benign masses and central 
prominent vasculature and penetrating vessels were a 
predictor of malignancy. 
In the present study, the mean values of RI, PI, PSV, and 
AT in benign masses were 0.60, 1.05, 12.79, and 57.90, 
respectively, while in malignant masses, they were 0.74, 
1.59, 20.70, and 75.45, respectively. The mean values of all 
the above-mentioned indices were much higher in 
malignant masses. This difference was significant for RI, 
PI, and PSV indices. Spectral values are comparable to 
several previous studies. In Shobeiri et al, the mean RI and 
PSV in benign masses were 0.63 and 4.66, respectively, 
while in malignant masses, they were 0.99 and 11.22, 
respectively.11 The mean RI in the Davoudi and Sarkar 
study was 0.65 and 0.68 in benign and 0.71 and 0.82 in 
malignant masses, respectively.21,22 Keshavarz et al. in their 
study expressed the mean of RI, PI, and PSV in benign 
masses to be 0.63, 0.90, and 11.69, while in malignant 
masses, they were 0.73, 1.09, and 18.9, respectively.10 In all 
studies similar to ours, the above variables were remarkably 
associated with pathology. Although the relationship of the 
AT index is not significant, as mentioned, its mean value 
was higher in malignant masses. Mesaki and colleagues 
investigated the role of AT in this subject and found out that 
it was significantly lower in benign lesions with a threshold 
of 14 ms.23 However, in our study, no noteworthy 
relationship was found. 
In evaluating the diagnostic value of spectral Doppler 
ultrasound, the sensitivity and the specificity of RI, PI, 
PSV and AT indices in optimal cut-off points are 
(spe=83% - sen=84%), (spe=86% - sen=84%) =), 
(spe=62%- sen=68%) and (spe =65% -sen =55%). The 
Area Under the Curve (AUC) was 0.863, 0.882, 0.702, 
and 0.602, respectively, indicating the high and significant 
diagnostic values of RI, PI, and PSV in predicting breast 
mass malignancy. In the Keshvarz study, the optimal cut-
off points for RI, PI, and PSV were 0.68, 0.93, and 12.5, 
respectively. Sensitivity, specificity, and AUC of the above 
three indicators were also remarkable in his study.10 In the 
Shobeiri study, the cut-off points for RI, PSV, and EDV 
were 0.7, 20, and 3, respectively. The sensitivity and the 
specificity of RI in their study were both 100%. PSV 
sensitivity was 21% and specificity was 100%.11 In the 
Del Cura study, RI greater than 1 and PI greater than 4 
were both 99% sensitive with less than 15% specificity in 
favor of malignancy, regardless of other ultrasound 
grayscale findings.15 In other studies, Stanzani (RI greater 
than 0.73), Lee (RI greater than 0.78), and Fux (RI greater 
than 0.70)24-26 were predictors of malignancy. In Choi’s 
study, RIs above 0.70 with sensitivity and specificity of 
80.9% and 89.1% were in favor of malignancy, 
respectively.27 In the Parveen study, RI criteria above 0.70 
had sensitivity and specificity of 92.4% and 88.7%, 
respectively.28 In Schmillevitch’s study, RI above 0.69 had 
a sensitivity of 84% and a specificity of 88% in predicting 
malignancy.29 The difference between cut-off points and 
sensitivity and specificity in different studies can be due 
to the type of tumor behavior, grade, and subtype of 
malignancy based on pathology, which can affect the 

pattern of vascularity.21 Further studies can be performed 
by pathologic subtypes and grade. Also, studies with a 
higher statistical population can help improve the results. 
 
Conclusions 
This study was performed to confirm the high sensitivity 
and specificity of Doppler ultrasound indices, To prevent 
the inevitable complications of breast cancer with a quick 
and timely diagnosis. Doppler ultrasound will also 
increase the reliability of patients’ follow-ups and reduce 
the number of preoperative biopsies. Although the 
standard method for differentiating benign and malignant 
breast lesions is an excisional biopsy, less invasive 
diagnostic methods are necessary to reduce the number of 
biopsies reduce patient anxiety, and lower costs. 
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