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Abstract

Background: Breast cancer is considered the most common
malignancy in females and the second most common leading
cause of cancer death after lung cancer. Color, power and
pulsating Doppler ultrasonography are more sensitive in the
evaluation of solid breast mass depending on tumor new blood
vessels growth that plays an important role in the growth of
the malignant lesions.

Aim of Work: To study the vascular structure of solid
breast mass and to detect the importance of reversed diastolic
flow in detection of malignancy.

Material and Methods: This study included 114 solid
breast mass in 100 female patients. Color Doppler ultrasound
was done for all patients. We studied the blood vessels of the
mass and we analyzed the wave pattern and detected the value
of reversed diastolic flow in detecting malignancy.

Results: The vessels in malignant breast mass are of
irregular caliber with central penetration while regular periph-
eral parallel vessels are suggestive of benignity also we found
that reversed diastolic flow is significant sign of malignancy.

Conclusion: Color Doppler ultrasound is helpful to detect
the vascular pattern of solid breast mass. Hypervascular mass
with reversed diastole is suggestive of malignancy especially
if the invading vessel is central and of irregular shape while
presence of peripheral parallel vessels is suggestive of benignity
however color Doppler indices such as high RI alone is not
good indicator of malignancy.

Key Words: Breast cancer — Solid breast mass — Blood vessel
— Color Doppler ultrasound.

Introduction

BREAST cancer is considered the most common
malignancy in females and the second most com-
mon leading cause of cancer death after lung cancer
[1]. With the development of breast ultrasonography
and breast magnetic resonance imaging both com-
plementary to mammography additional algorithms
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for diagnostic work up and screening high risk
subgroups of women have emerged [2].

Mammography is considered the primary
screening tool for cancer breast but its sensitivity
is decreased with increasing the density of the
breast tissue especially in young and lactating
females. Using ultrasound was common after the
introduction of the high frequency probes not only
in the detection and characterization of lesions but
also as guiding breast intervention procedures in
the marking of lesion for surgery and needle biopsy

[3].

Color, power and pulsating Doppler ultrasonog-
raphy are more sensitive in the evaluation of solid
breast mass depending on tumor new blood vessels
growth that plays an important role in the growth
of the malignant lesions [3,4,5].

Color Doppler ultrasound is helpful to differ-
entiate between a benign and malignant solid mass.
Different Doppler characteristic such as location
of signals, branching pattern of vessels and also
resistive index (RI), pulsatility index (PI) and flow
velocity nowadays can be detected [4,5,6].

Many other methods are also used nowadays
in the differentiation between benign and malignant
breast solid masses such as contrast enhanced
imaging techniques like dynamic contrast enhanced
magnetic resonance imaging (DCE-MRI), contrast
enhanced ultrasound (CEUS) and dynamic contrast
enhanced computed tomography but all of these
methods require a higher cost and operating skill
level [7].

Patients and Methods

This study was performed between January
2016 and May 2017 in Tanta University Hospital.
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All patients signed on informed consent before the
beginning of the study.

Patients:

One hundred female patients were included in
this study and identified to have one or more solid
breast masses. Patients age ranged between 17 and
60 years (mean age 35 years). Clinical examination,
ultrasound and color Doppler were performed for
each patient. All patients underwent biopsy (core
or surgical biopsy).

Our exclusion criteria were patients with breast
implants and patients with cystic breast lesions.

Ultrasound examination:

All sonographic studies were performed with
the machine HITACHI and a high frequency probe
of 7.5-10 MHZ to perform Color Doppler study.

I-  Thelesionswere first imaged with grey scale
ultrasound to show its character.

[1- By using Color Doppler the vascular pattern
of the lesion, number, shape and site of the
blood vessels was detected.

[11- We calculated the resistive index when vessels
were detected within thelesion. Rl = The
maximum systolic velocity-minimum systolic
velocity/maximum systolic velocity. A value
for RI of 0.85 was used for the differentiation
between benign and malignant lesions.

Slight pressure on the breast in cases of slow
flow in blood vessels may be helpful. We use filter
between 50 and 100khz.

Histolo-pathol ogical findings from surgery or
core biopsy were used as gold references.

Satical analysis:

We used quantitative data presented by mean
and range. The sensitivity, specificity, and positive
predictive value of reversed diastolic flow were
calculated to detect malignancy. A p-value of <0.05
was considered statistically significant.

Results

Patients and their final histopathological diagnosis:

This study included 100 patients with 114 solid
breast lesions. Patients were classified into two
groups according to the final histopathol ogical
results: Benign (60 lesions) and malignant (54
lesions). The final histopathological analysis
showed that 72% of the benign lesions were fi-
broadenoma while 84% of the malignant lesions
were invasive ductal carcinoma (Table 1).
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Comparison of the color Doppler findings and
the Resistive index in both groups.

We compared the Color Doppler findings of all
breast lesions in both groups. Vascularity was
detected in 24 of 60 benign masses (40%) and in
45 of 54 (83%) malignant masses. The vesselsin
benign mass were peripheral and the vein and
artery were parallel to each other while 77% of
the malignant lesions showed invading arteries in
the center of the lesion. The resistive Index was
calculated. It ranged between 0.4 and 1.30 (mean
0.85) in malignant lesions and from 0.25 to 1 (mean
0.62) in benign lesions with significant difference
(p<0.05) (Table 2).

Shape of vessels in both groups of breast lesions:

The vessels in benign masses were generally
of regular shape representing 91% while 70% of
the vessels in malignant lesions were tortuous or
irregular (Table 3).

The diagnostic value of color Doppler ultra-
sound and reversed diastole in detecting malig-
nancy:

We detected reversed diastolic flow in 10 out
of 45 malignant lesions (22%) which showed a
high grade of malignancy in histopathological
analysis with sensitivity of 94%, specificity of
96% and a positive predictive value of 95%.

Some selected cases demonstrated in Figs. (1-
4), each figure represent one case.

Table (1): Patients and final pathological diagnosis.

Diagnosis Noigic?rzgag
Age (years):
Mean 35
Range 17-60

Histopathological analysis:
Fibroadenoma 43 (0.38%)

Intrasamammary lymph node 08 (0.07%)

Intraductal Papilloma 04 (0.04%)
Phyllodes tumor 05 (0.04%)
Invasive ductal carcinoma 45 (0.40%)

Ductal carcinomain situ 02 (0.02%)
01 (0.01%)
01 (0.01%)

01 (0.01%)

Lobular breast carcinoma
M etapl astic tumor
Anaplastic carcinoma

Total 114
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Table (2): Color Doppler findings and RI in both groups.

Hypervascular Avascular R1 p-

Pathology (No.) % % Total (mean)  (range) value
Benign Lesions 24 (40%) 37 (60%) 60 0.62 0.25-1 p<0.05
Malignant Lesions 46 (85%) 8 (15%) 54 0.85 0.4-1.32
Table (3): Shape of vessels in both groups.

No. Benign Vascular No Malignant )

Masses on Vascular Masses on Vf;l
Color Doppler % Color Doppler% ue

Regular shape 21 (91%) 14 (30%) p<0.05
Tortuous and or Irregular shape 2 (9%) 3 1(70%)
Total 23 45

Fig. (1): A female patient aged: 40 years old presented by right breast mass. B mode shows the mass is well defined
hypoechoic and lobulated. Color Doppler ultrasound shows the blood vessels are peripheral and parallel
to each other (arrow). Spectral wave analysis shows: High diastolic flow with RI: 0.69. Histopathological
diagnosis: Papilloma.

Fig. (2): A female patient aged 45 years represented with left breast mass. B mode shows the mass is well defined
oval and hypoechoic. Color Doppler ultrasound shows the blood vessels are peripheral and parallel to
each other (arrow). Spectral wave analysis shows normal diastolic flow with RI: 0.55. Histopathological
diagnosis: Fibroadenoma.
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Fig. (3): A female patient aged: 55 years old presented by left breast mass. B mode shows the mass is ill
defined and hypoechoic. Color Doppler ultrasound shows the blood vessels are irregular penetrating
the mass .Spectral wave analysis shows reversed diastolic flow with RI: 0.89. Histopathological

diagnosis: Colloid carcinoma.

(A)

(B)

Fig. (4): A female patient aged 56 years old presented by left breast mass. (A) B mode shows ill-defined
speculated hypoechoic mass color Doppler shows the blood vessels are irregular central and
penetrating the mass (arrow). (B) Spectral wave analysis shows reversed diastolic flow with RI
1.2. Histopathological diagnosis: Invasive duct carcinoma.

Discussion

Malignant breast lesions need blood vessels for
growth. A procedure such as color Doppler ultra-
sound has the ability to visualize the blood vessels
within solid lesion. The aim of this study was
designed to determine the value of Color Doppler
sonography in study of the vascular structure of
solid breast mass and to detect the importance of
reversed diastolic flow in the detection of malig-
nancy.

The main finding of this study was malignant
breast lesions are more vascular than benign lesions.
In our study hypervascularisation was detected in

80% of malignant breast masses and only in 7%
of benign masses.

Gupta et al., [8] in their study which included
173 solid breast masses in 148 patients found that
hypervascular breast mass with tortuous irregular
blood vessels and presence of a central penetrating
vessel significantly associated with malignancy.
Seventy-seven percent of malignant breast masses
showed hypervascularisation when compared to
the surrounding tissue but only 8.26% benign
masses only were hypervascular.

Hypervascular breast lesion increases the prob-
ability of malignancy but avascularity on Color
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Doppler ultrasound should not be interpreted as a
sign of benignity [9,10] . In this study 16.6% of
malignant lesions were avascular on color Doppler.

This finding may be due to the small vesselswithin

the mass. A solid mass with central blood vessels
i's suspicious to be malignant. The presences of
penetrating vessels in the mass directly is suggestive
of malignancy [9] . In this study, 77% of the malig-
nant lesions show arteriesin the center of the
lesion.

A high RI is associated with a high chance of
malignancy this may be due to areas of blood
vessels stenosis, occlusions, arteriovenous shunts
and lack of smooth muscle [9].

It has been reported that the analysis of Doppler
indices such as Rl and PI is helplessto differentiate
between benign and malignant breast lesions [11,12]
because there is an overlap of these indices. Al-
though malignancies are showed to have a high
Doppler indices Rl cannot be a definite sign to
differentiate between benign and malignant lesions

9.

Guptaet al., [g] found in their study that the 43
vascular malignant lesions had a mean RI value
of 0.80 with aSD of 0.16 (range of 0.50-1.02).

Davoudi et al., [10] reported the mean values
of RI in benign lesions and malignant lesions were
0.65+0.065 (range of 0.52—0.89) and 0.71 £0.093
(range, 0.57-0.75). In our study RI values range
between 0.4 and 1.30m (mean 0.85) in malignant
lesions higher than in benign lesions which ranges
from 0.25 to 1 (mean 0.62).

Both benign and malignant solid breast masses
show vascularity but in malignant mass vascularity
is owed to new blood vessels formation which are
tortuous of irregular course with straight or curved
capsular blood vessels and regular caliber are
predictors of benignity [89].

The study by Guptaet a., [8] showed that the
blood vessels in benign lesions were of regular
shape and caliber with regular branching. Thirty-
one of malignant lesions (72%) showed tortuous
arterieswith irregular caliber arranged in a chaotic
pattern. The vessels in benign massesin this study
were generally of regular caliber with regular
branching representing 91% while 70% of vessels
in malignant lesions were tortuous or irregular.

Ibrahim et a., [13] in their study which included
91 women with 102 breast lesions (55 benign, 47
malignant). Thirty six out of 47 malignant lesions
showed central blood vessels. Sensitivity and spe-
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cificity of the presence of central pretreating artery
in detecting malignancy were 76.5% and 80.0%.
In this study 77% of the malignant breast lesion
showed central penetrating artery.

Eleonoraet al., [14] in their study which included
1074 breast masses showed parallel artery and vein
sign was identified in 142 benign masses with a
specificity of 99.3% and concluded that although
thissign is not of the common findingsit showed
99% positive predictive value in the detection in
benign breast lesion wherever it seen in the capsule
or inside the mass. Ninety percent of the benign
breast lesions in this study showed this sign (54
out of 60 benign lesions).

The absence or reversal of diastole on spectral
Doppler isavery specific sign for predicting mali-
gnancy in solid breast masses. The disappearance
or reversal of vascular flow represents an extreme
increase of peripheral resistance of tumoral vessels
due to previously mentioned phenomenon of sten-
osis and occlusions indicative of malignant vascu-
larity [9].

We found 10 out of 45 malignant lesions (22%)
showed reversed diastolic flow. Some of these
lesions showed a high RI measured 1 which showed
a high grade of malignancy in histopathol ogical
analysis with sensitivity of 94%, specificity of
96% and a positive predictive value of 95%.

In the study of Guptaet al., [§] 8 out of 43 mal-
ignant masses showed reversed/absent diastolic
flow and 7 of these lesions showed a high grade
of malignancy in histopathological analysis. They
reported that this sign was not seen in any benign
masses with a specificity of 99% and a positive
predictive value of 97%.

There are some limitation in this study first,
small number of patients. Secondly, color Doppler
ultrasound is operator dependent.

From our study we concluded that color Doppler
ultrasound is helpful to detect the vascular pattern
of asolid breast mass. A hypervascular mass with
reversed diastole is suggestive of malignancy es-
pecialy if the invading vessel is central and of
irregular shape while the presence of periphera
parallel vesselsis suggestive of benignity. However,
color Doppler indices such asahigh RI aloneis
not good indicator of malignancy which make
histol opathological analysis necessary beside the
color Doppler ultrasound.
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