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ABSTRACT

Introduction: Atherosclerosis is a leading cause of cardiovascular
mortality worldwide. According to American Cancer Society (ACS)
guidelines, screening mammography is optional for all women
above the age of 40 years to detect breast cancer early.
Incidentally, Breast Arterial Calcification (BAC) can be observed
in mammograms. Women with BAC and additional risk factors
like diabetes or hypertension may be referred for cardiovascular
risk assessment in the future if there is a significant correlation
between Carotid Intima Media Thickness (CIMT) and BAC.

Aim: To assess BAC among women undergoing screening
mammography and determine the correlation between BAC
and CIMT.

Materials and Methods: A cross-sectional study was conducted
on 152 women who underwent screening mammography in
the Department of Radiodiagnosis, Amala Institute of Medical
Sciences, Thrissur, Kerala, India from May 2021 to October 2022.
The presence and grading of BAC were determined using the

Seimens Mammomat 1000 mammography unit, which captured
two standard views: the Mediolateral Oblique (MLO) and
Craniocaudal (CC) views. CIMT was measured using B-mode
ultrasonography with an 8-13 MHz linear transducer, taking
measurements from two contiguous sites at 1 cm intervals and
calculating the average. Statistical significance was assessed at a
5% level, and the association was determined using Spearman’s
rho correlation.

Results: The mean age of the study population was 55.7+11.05
years. Among them, only 37 (24.3%) showed the presence
of calcification in the breast arteries. The mean CIMT was
0.92+0.25 mm in the BAC (+) group and 0.72+0.24 mm in the
BAC (-) group (p-value=0.001).

Conclusion: The authors developed a BAC grading method
after studying various previous studies and the present study
found a significant positive correlation between the presence of
BAC and CIMT.
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INTRODUCTION

Atherosclerosis, the leading cause of cardiovascular mortality, is a
chronic inflammatory disease caused by hyperlipidemia and lipid
oxidation. It affects the intima of vessels, from the aorta to the
coronary arteries, leading to the formation of intimal plaques [1].
Atherosclerosis can be detected through imaging techniques such
as radiographs and Computed Tomography (CT), where arterial
calcifications are observed, or through ultrasound, which shows an
increase in Carotid Intima Media Thickness (CIMT) [2]. Screening
mammograms are performed on asymptomatic women to detect
breast malignancies at an early and treatable stage. According to
ACS guidelines, average-risk women between the ages of 40 and
44 should undergo screening mammograms, while women aged
45 and above should have them annually. High-risk women should
start screening from the age of 30 [3]. Breast Arterial Calcifications
(BACs) are commonly seen as incidental findings on mammograms.
They are benign dystrophic calcifications found in the tunica media
of small to medium-sized muscular arteries in the breast. They are
also known as Ménckeberg calcifications or arteriosclerosis [2].
CIMT is a well-established surrogate marker of atherosclerosis and
is associated with cardiovascular risk factors and outcomes. It is a
non-invasive measurement of the thickness of the innermost two
layers of the arterial wall, the tunica intima and tunica media. CIMT
is obtained through B-mode ultrasonography, which captures still
images. Increased CIMT indicates diffuse arterial wall thickening,
reflecting the presence of atherosclerosis [4]. Itis also used to monitor
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the progression of atherosclerosis for early medical intervention.
Vascular calcifications in the breast and increased CIMT have
both been recognised as potential markers of a woman’s risk for
coronary artery disease. Therefore, for patients incidentally detected
with BAC during screening mammography for breast cancer, the
possibility of future cardiovascular events should be considered [4].

The aim of present study was to assess BAC, using the Grade
system, and evaluate the association between BAC and CIMT in
women undergoing screening mammaography.

MATERIALS AND METHODS

A cross-sectional study was conducted on 152 women who
underwent screening mammography at the Department of
Radiodiagnosis, Amala Institute of Medical Sciences, Thrissur,
Kerala, India from May 2021 to October 2022. Informed consent
was obtained from all participants, and the study received approval
from the Institutional Ethical Committee on 26/04/2021 (Ref. no. 17/
IEC/21/ AIMS-08). Consecutive sampling was performed.

Inclusion criteria: WWomen undergoing mammography between
the ages of 31 years and 89 years.

Study Procedure

After obtaining relevant clinical and past history information, as
well as informed consent, standard Mediolateral Oblique (MLO)
and Craniocaudal (CC) views were obtained using the Siemens
MAMMOMAT 1000 mammography unit. Breast Arterial Calcification
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(BAC) was defined as the presence of tortuous, parallel linear
calcified deposits along the vessel wall observed on at least one
view of a mammogram, which is an incidental finding [2]. The
mammogram images were assessed for the presence and grading
of BAC. The scoring/grading system for breast arterial calcifications
used in present study was developed by the authors after
reviewing multiple articles [2-6]. For women with BAC, the number,
length, and density of calcified vessels were evaluated using the
following criteria:

The number of calcified vessels in each breast: (average of
both breasts)

e Score 1: <2 vessels-1

e Score 2: 2-4 vessels- 2

e  Score 3: >4 vessels-3

Length of the calcified vessels; (average of both breasts)
e Score 1: <8 cm-1

e Score 2: 4-6 cm-2

e Score 3: >7 cm-3

Density of a calcified vessel in its densest part;

e Score 1: BAC with clear lumen-1

e Score 2: BAC with clouded lumen-2

e  Score 3: Dense BAC with non visualisation of lumen-3

The BAC grade was calculated by summing these three numbers
and graded as:

e Grade-l (mild): Score <3

e  Grade-ll (moderate): Score 4-6

e Grade-lll (severe): Score >7

Carotid Intima Media Thickness (CIMT) was assessed using an
8-13 MHz linear transducer. CIMT measurements were taken from
two contiguous sites at 1 cm intervals, and the average of the two
measurements was used for analysis. The CIMT measurement was

reported as the average of the right and left Common Carotid Artery
(CCA) [Table/Fig-1].

INTIMA-MEDLA
THICKNESS

[Table/Fig-1]: Ultrasound image showing Carotid Intima Media Thickness (CIMT).

STATISTICAL ANALYSIS

Statistical analysis was performed using Statistical Package for
Social Sciences (SPSS) version 23.0. Continuous measurements
were presented as meanzstandard deviation, and categorical
measurements were presented as number (%). Significance was
assessed at a 5% level. The association between BAC and age
was analysed using Fishers’s-extract test. The association between
different grades of BAC by mammography and CIMT was analysed
using Spearman’s rank correlation. The association between BAC
and CIMT was analysed using the Chi-square test.

RESULTS

The mean age of the patients was 55.77+11.05 years. Among
them, only 37 showed the presence of calcification in the breast
arteries. The most commonly affected age group was 51-60 years
[Table/Fig-2]. The majority of women showed a moderate grade of
BAC [Table/Fig-3,4]. On the right side, the minimum CIMT noted
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was 0.3 mm, and on the left side, it was 0.1 mm. The maximum
CIMT on the right side was 1.9 mm, and on the left side, it was
1.8 mm. The mean CIMT on the right side was 0.7 mm (0.4 sd),
and on the left side, it was 0.7 mm (0.2 sd), with a total mean
CIMT of 0.7 mm. Using a cutoff of <0.8 mm as normal CIMT [2],
approximately 97 (63.8%) of the total subjects had CIMT <0.8 mm,
and around 55 (36.2%) had CIMT > 0.8 mm [Table/Fig-5]. There
was a significant difference in CIMT between the BAC positive
and negative groups, with a p-value of <=0.05 [Table/Fig-6]. Logistic
regression analysis between mean CIMT and BAC grades showed
that there was no increase in CIMT with an increase in the grade
of BAC [Table/Fig-7].

BAC
p-value
Age (years) No Yes Total (Fisher-exact test)
31-40 10 (6.5%) 0 10 (6.5%)
41-50 43 (28.3%) 1(0.7%) 44 (28.9%)
51-60 41 (26.9%) 10 (6.5%) 51 (33.6%)
0.0001
61-70 12 (7.9%) 15 (9.8%) 27 (17.8%)
>70 9 (5.9%) 11 (7.2%) 20 (13.2%)
Total 115 (75.7%) 37 (24.3%) 152 (100%)

[Table/Fig-2]: Frequency of age distribution between BAC positive and BAC

negative. Values presented as n (%).

Grading Count Percentage (%)
| 2 5.4
I 26 70.2
Il 9 24.3

[Table/Fig-3]: Grading of BAC.

[Table/Fig-4]: Grade-Ill BAC according to BAC grading.

CIMT
p-value
BAC <0.8 (mm) >0.8 (mm) Total (Chi-square test)
Present 15 (40.5%) 22 (59.4%) 37 (24.3)
Absent 82 (71.3%) 33 (0.28% 115 (75.6%) 0.0001
Total 97 (63.8%) 55 (36.18%) 152 (100%)

[Table/Fig-5]: CIMT in BAC positive and negative women.

p-value

Variables | BAC N Mean Std. Deviation | (Chi-square test)
CIMT No 115 0.759130 0.4516822 0,043
right Yes | 387 | 0921622 0.3038047 '

No 115 0.717391 0.2103718
CIMT left 0.047

Yes 37 0.808108 0.3165600
[Table/Fig-6]: CIMT values in BAC + and — women.

The BAC refers to calcium deposits along the vessel wall observed
on mammograms, which is an incidental finding. These deposits

Journal of Clinical and Diagnostic Research. 2023 Sep, Vol-17(9): TC09-TC12



www.jcdr.net

Y-Values

3.5

3 e oeecee e o
25

v e o eesoocoes oo o o
15

1 oo
0.5

0

0 0.2 0.4 0.6 0.8 1 1.2 14 1.6

[Table/Fig-7]: r.=0.16751, p (2-tailed)=0.3217.

There was a positive correlation between CIMT and BAC grade, but they are statistically insignificant.
(No increase with an increase in grade)

occur in the middle layer of the vessel wall, leading to increased
rigidity and stiffness of the vessel [Table/Fig-8] [2]. BAC detected
on breast cancer screening mammograms may also be associated
with disorders related to increased or accelerated atherosclerosis
[7]. In the early stages, medial arterial calcifications appear punctate
and then coalesce and become thicker, leading to linear tramtrack
calcifications [8].

[Table/Fig-8]: Breast arterial calcification in a left breast in CC and MLO views.

The BAC is incidentally detected in only 9.1% of mammograms and
is uncommonly seen before the age of 50 years [7]. The prevalence
of BAC ranges from 9-17% and increases with age, particularly
in women above 65 years of age. Increased parity has also been
associated with an increase in BAC [9]. Kemmeren JM et al.,
recorded BAC in 9% of women who participated in a breast cancer
screening program [5]. In present study, BAC was detected in only
24.3% of subjects, and there was only one case of BAC below the
age of 50 years. Maas AH et al., demonstrated that the prevalence
of BAC increased with advancing age, from 5% in the first quartile
to 6% in the second quartile, 14% in the third quartile, and 20% in
the fourth quartile. The odds ratio of women in the highest quartile
of age having BAC was 4.7 (95% Cl: 2.9-7.6) compared to women
in the lowest quartile [10]. In present study, BAC was noted to
increase with age and was mostly seen in women above 60 years
of age.

Sankaran P et al., in their study on 100 women, found that there
is an independent association between BAC in mammography
and CIMT. Additionally, they found a statistically significant positive
connection with CIMT, independent of age and menopausal state
[2]. In the present study, CIMT did not show an increase in thickness
with an increase in the grade of breast vessel calcification. Hanafi
MG et al., in a study of 454 participants, showed that although
individuals with BAC had a higher CIMT than the control group,
there was no relationship between the grade of this calcification and
carotid artery thickness [11].
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Kadioglu A and Bahadir S, in their multi-modality study investigating
the association of BAC, coronary artery calcification, and CIMT,
found that BAC is strongly associated with aging. High BAC
scores showed correlation with high CAC scores and also found
a statistically significant correlation between BAC and cardiac risk
factors like diabetes. Furthermore, in women younger than 60 years
old, they suggested that the BAC scoring system can be used as an
indicator of the presence of cardiovascular disease [12].

Akinola RA et al., in their study on 54 Nigerian women, found that
although the presence of BAC in a mammogram is related to age, it
may not be a reliable indicator or a relevant marker for cardiovascular
diseases in women living in their environment [7]. Ali EA et al., in
their study on 100 female patients, concluded that women over 60
who have BAC discovered accidentally via mammography should
have their coronary atherosclerotic condition and risk of developing
significant coronary artery disease further assessed [13]. In the
present study, moderate grades of BAC were found to increase with
age over 50 years. Since the majority of women over 40 years of age
undergo screening mammography annually according to guidelines,
our study suggests that the measurement of BAC may offer a non-
invasive approach to risk stratify women for cardiovascular disease
without additional radiation. Therefore, the inclusion of incidentally
detected BAC in mammogram reports may help clinicians counsel
and recommend lifestyle changes, cardiovascular risk assessment,
and prevention of future cardiovascular events.

Limitation(s)

However, present study included a relatively small number of subjects,
and most patients were post-mastectomy follow-up cases, which was
a major limitation. The absence of a universally accepted method of
grading BAC is another limitation.

CONCLUSION(S)

Hence, authors developed a BAC grading method after studying
various previous studies. The effect of co-morbidities on CIMT
thickness was not considered. This scoring criteria is only applied in
a small population; therefore, before commenting on its accuracy,
it needs to be tested in different settings or in different populations.
Further, studies are warranted to determine the accuracy of this
objective scoring system.
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