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Utilization of vascular resistance index

in the differentiation between benign and malignant

breast nodules*
Utilização do índice de resistência vascular na diferenciação entre nódulos mamários

benignos e malignos

Joel Schmillevitch1, Hélio Antonio Guimarães Filho2, Harley De Nicola3, Ana Cheila Gorski1

OBJECTIVE: The present study was aimed at evaluating the role played by spectral Doppler as a method to
measure the vascular resistance index in the differentiation between benign and malignant breast lesions.
MATERIALS AND METHODS: Nineteen malignant and 18 benign lesions histologically diagnosed had their
vascularization previously analyzed through the resistance index. RESULTS: A statistically significant difference
(p < 0.001) was observed between the mean values of resistance index for benign and malignant lesions
(respectively 0.62×0.80) in nodular breast lesions greater than 1 cm. A resistance index ≥≥≥≥≥ 0.69 was highly
associated with malignant lesions, with 84.2% sensitivity, 88.9% specificity, false-positive rate of 11.1%,
and false-negative rate of 15.8%. CONCLUSION: The analysis of vascular resistance index combined with
findings on grayscale sonographic images can be of great assistance in the assessment of nodular breast
lesions greater than 1 cm, with high sensitivity and specificity.
Keywords: Breast; Breast lesions; Ultrasonography; Doppler; Resistance index.

OBJETIVO: O objetivo deste estudo foi avaliar o significado do Doppler espectral por meio da obtenção do
índice de resistência vascular na diferenciação entre lesões mamárias benignas e malignas. MATERIAIS E
MÉTODOS: Dezenove lesões malignas e 18 benignas, diagnosticadas por estudo histológico, foram subme-
tidas previamente a análise de sua vascularização por meio do Doppler espectral para se obter o índice de
resistência vascular. RESULTADOS: Observou-se diferença estatisticamente significante (p < 0,001) entre
os valores médios do índice de resistência para os resultados benigno e maligno (0,62×0,80, respectiva-
mente), em nódulos maiores que 1 cm. Um índice de resistência ≥≥≥≥≥ 0,69 foi altamente associado a lesões
malignas, com sensibilidade de 84,2%, especificidade de 88,9%, taxa de falso-positivo de 11,1% e taxa de
falso-negativo de 15,8%. CONCLUSÃO: A análise do índice de resistência vascular pode fornecer grande
auxílio na avaliação das lesões nodulares da mama maiores que 1 cm, em conjunto com as informações
obtidas por meio da escala de cinzas, com elevada sensibilidade e especificidade.
Unitermos: Mama; Lesões mamárias; Ultra-sonografia; Doppler; Índice de resistência.
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utilization of Doppler in the diagnosis of
breast diseases. Several studies have
adopted qualitative and quantitative crite-
ria in an attempt to distinguish malignant
from benign breast lesions and also to pre-
dict the disease prognosis(6–15). The results
achieved by these studies are unlike each
other and, for this reason the Doppler util-
ity in the diagnosis of breast cancer is still
to be defined.

For the purpose of aiding in the defini-
tion of the role of Doppler in the diagnosis
of breast lesions, the authors present the re-
sults of a study aimed at evaluating the util-
ity of vascular resistance índex values in
the differentiation between malignant and
benign breast nodules.
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circumscribed lesions visible at mammog-
raphy, evaluation of palpable nodules with-
out mammographic expression, as an aid in
the diagnosis of focal asymmetries, and as
a method of screening patients with in-
creased breast density in the search for
occult lesions. Additionally, it represents a
relevant adjuvant method in invasive diag-
nostic procedures, such as biopsies and
preoperative punctures(1–4).

Gray scale characteristics have been
widely accepted by the international litera-
ture as a sonographic criterion for differen-
tiating malignant from benign breast le-
sions, since the publication of the study
developed by Stavros et al.(5). However, a
consensus is still to be reached about the
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INTRODUCTION

Ultrasonography is currently considered
as the main adjuvant to mammography in
the screening for malignant breast nodules.
Main indications include the evaluation of
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MATERIALS AND METHODS

The present prospective study involved
37 female patients evaluated in the period
between January and July 2006. All the
patients participating in the study have
signed a term of free and informed consent.
The inclusion criterion was the presence of
breast nodules > 1 cm sonographically vi-
sualized and classified into BI-RADS®

categories III, IV or V for ultrasonography.
These patients were submitted core needle
biopsy for histological diagnosis, resulting
in 37 biopsied nodules. The patients’ ages
ranged between 20 and 93 years.

All the echographic examinations were
performed previously to the invasive pro-
cedure. Both procedures were performed
by a single, experienced investigator. The
lesions were evaluated through the
grayscale and subsequently by amplitude
Doppler ultrasound. The color box was ad-
justed to include the lesion and also a small
margin of the adjacent healthy breast tissue.
The Doppler study was considered as posi-
tive in cases where at least one vessel was
detected within or adjacent to the lesion,
demonstrating an arterial flow pattern at the
spectral analysis. In this case, pulsed Dop-
pler was performed to evaluate the flow
velocity, invariably in the most calibrous
vessel, with subsequent calculation of the
vascular resistance index (RI). Adjustments
in pulse repetition frequency, gain, wall
filter, and sample volume depth were made
as necessary to improve de image, mini-
mizing artifacts.

The specimens for anatomopathological
study were obtained through ultrasonogra-
phy-guided core needle biopsy performed
in all of the nodules, by the same investi-
gator, in all the cases evaluated in the
present study. Three to six fragments were
collected from each solid nodule identified,
with 14 or 16 Gauge needle and an auto-
matic pistol device. The histological
samples were fixed in buffer formaldehyde
(10%) and subsequently sent to two pa-
thologists specialized in breast diseases,
who performed a joint analysis of all the
cases. All of the nodules included in the
present study were greater than 1.0 cm in
diameter.

For the purposes of statistical analysis,
the RI values for the 37 patients were re-

corded on an Excel 2003 worksheet and
exported to the statistical software package
SPSS-13.0. Initially, the quantitative “RI”
study variable was coded (ranging between
0 and 1), and “nodule”, as the categorical
variable, was classified as malignant or be-
nign. The t-test was applied for determin-
ing the presence of statistically significant
difference between two independent
samples at a significance level of α = 0.05.
The normality of both populations was
analyzed by the Kolmogorov-Smirnov nor-
mality test, while the Levene’s test was
utilized to evaluate the homocedasticity
between both results (benign and malignant
lesions). It is important to highlight that
both statistical tests correspond to manda-
tory assumptions for the application of the
t-test for comparison of mean values for
both populations.

RESULTS

Among the 37 biopsied nodules, 19
were diagnosed as malignant, and 18 as
benign (Tables 1 to 3).

The mean RI was 0.80 for malignant
nodules, and 0.61 for benign nodules
(Table 4). Figure 1 shows the distribution
of the RI values in benign and malignant
nodules.

The t-test applied for comparison of two
independent samples presented the follow-
ing result: t = 5.435, with degree of free-
dom ≅  32 and p-value = 0.000, indicating
that, at a significance level corresponding
to α = 0.05 the results demonstrated a sta-
tistically significant difference pr RI in the
malignant nodules as compared with the

Table 3 Histological results for 19 malignant

nodules.

Histological diagnosis

Lobular carcinoma

Ductal carcinoma in situ

Invasive ductal carcinoma

n

2

1

16

n, no. of nodules.

Table 2 Histological results for 18 benign nodules.

Histological diagnosis

Lipoma

Adenosis

Typical ductal hyperplasia

Fibroadenoma

Fibrosis

n

2

3

3

9

1

n, no. of nodules.

Table 1 Distribution of frequencies of nodules

classification by Doppler.

Nodule

Benign

Malignant

Total

Quantity

18

19

37

Percentage

48.6%

51.4%

100.0%

Figure 1. Distribution of resistance index values for benign and malignant nodules.

benign nodules. Considering the variable
“nodule type”, the cut-off value (RImedian =
0.69) for the classification of benign nod-
ules yielded 88.9% of correct classification
(negative for malignancy), and for classi-
fication of malignant nodules, 84.2% of
correct classification (positive for malig-
nancy), with only 11.1% and 15.8% of
false-negative results and false-positive
results, respectively (Table 5).
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DISCUSSION

Ultrasonography plays a relevant role in
the breast imaging evaluation. The techno-
logical development can be noticed as a
relevant component in the images analysis
and processing. In this context, doppler-
fluxometry has benefited from the continu-
ous improvement in the temporal resolu-
tion of modern ultrasonography equipment.
Thus, both the color Doppler signal gener-
ated in small vessels and their spectral
analysis have demonstrated a significant
improvement in the characterization of the
blood flow in the breast tissue, allowing a
better investigation of the vascularization
pattern(16,17).

In the present study, the authors evalu-
ated vascular RI of breast nodules greater
than 1.0 cm in diameter. Later, the RI data
were crossed with the histopathological
result for each nodule. A statistically sig-
nificant difference could be observed for
the RI results in relation to the nodules clas-
sification (benign or malignant), with the
malignant results demonstrating a signifi-
cantly higher vascular RI as compared with
the benign results (0.80 versus 0.61, re-
spectively, with p < 0.001). Similar results
have already been observed in some stud-
ies utilizing similar methods(18–22).

Several studies have analyzed the vas-
cular RI within breast nodules in an attempt
to differentiate malignant from benign le-
sions(18–22). Choi et al. have observed that
the RI exceeded 0.70 in more than 80% of

patients with malignant nodules with
80.9% sensitivity and 89.1% specificity(20).
Peters-Engl et al. have also observed a RI
of 0.70 as the best cut-off value to be uti-
lized as an aid in the identification of ma-
lignant nodules, with 82% sensitivity, 81%
specificity, 70% positive predictive value
and 89% negative predictive value(21). In
the present study, the method sensitivity for
malignant nodules identification was of
84.2%, with 88.9% specificity, 11.1% false-
positive rate, and 15.8% false-negative rate
for a RI cut-off value ≥ 0.69, a value prac-
tically identical to the ones observed by the
above mentioned studies.

Almost one decade after the publication
of results from relevant studies about the
role played by the vascular RI in the evalu-
ation of breast nodules, the authors ob-
served that the present study results were
similar to those results, in spite of the sig-
nificant technological development ob-
served in ultrasonography equipment along
this period of time. Consequently, it is un-
derstood that such results can be consid-
ered as duly validated and that seemingly
they are not subjected to the variations re-
sulting from the improvements in both
hardware and software directly related to
the Doppler function (temporal resolution)
in currently available ultrasonography
units. Finally, the Doppler technique prob-
ably plays a role as an adjuvant to the
grayscale in the evaluation of suspicious
nodules. It is important to note that this
method is not a diagnostic study.

Table 4 Descriptive resistance index measurements for both groups of nodules.

Resistance index

Nodule

Benign

Malignant

n

18

19

Mean

0.8047

0.6178

Standard deviation

0.1212

0.0859

Mean standard deviation

0.0278

0.0202

n, no. of nodules.

Table 5 Vascular resistance index versus nodule classification.

Vascular resistance index

Resistance index ≤ 0.69

Resistance index > 0.69

Total

Nodule classification

Total

n

19

18

37

%

51.4

48.6

100.0

n

3

16

19

Malignant

%

15.8

84.2

100.0

Benign

n

16

2

18

%

88.9

11.1

100.0

n, no. of nodules.

CONCLUSIONS

The results of the present study demon-
strate that a RI ≥ 0.69 in a nodule > 1 cm
suggests a high risk for malignancy, and
may represent additional information to be
taken into consideration in the selection of
lesions eligible for histopathological study.
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