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Breast Arterial Calcifications on Mammography Do Not
Predict Myocardial Ischemia on Myocardial Perfusion
Single-Photon Emission Computed Tomography
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Abstract

Background: The aim of this study was to determine if breast ar-
terial calcification (BAC) on mammography predicts myocardial
ischemia (MI) on stress myocardial perfusion single-photon emis-
sion computed tomography (MPS). BAC is a type of medial artery
calcification that can be seen incidentally on mammography, but the
relationship between coronary artery calcification and MI on MPS is
yet unknown.

Methods: A total of 435 consecutive women underwent mammog-
raphy and stress MPS within 1 year of each other. BAC was quan-
titatively evaluated (0 - 13). Patients with known coronary artery
diseases (CADs) such as coronary artery bypass grafting (CABG),
percutaneous coronary intervention (PCI), MI, positive coronary an-
giogram or positive MPS were excluded from the study. Risk factors
for CAD were obtained from a chart review.

Results: The mean age was 58 + 8 years. BAC was found in 258
(59%) of the study population. BAC-positive patients were signifi-
cantly older than BAC-negative patients (P < 0.0001), there were
strong associations between BAC and hypertension (P = 0.0309),
chronic kidney disease (CKD) (P = 0.0001), and diabetes (P =
0.0309), but there were significant associations between BACV and
hyperlipidemia, family history of CAD, and smoking (P = 0.6856, P
=0.9642, and P = 0.087, respectively). The mean score of BAC was
5 4+ 5 in patients with normal MPS and was 6 + 6 in patients with
abnormal MPS. There were no associations between total BAC and
MPS results (P = 0.2095), and between BAC categories and MPS
result (P =0.3069).
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Conclusions: Based on our study, the presence and severity of BAC
on screening or diagnostic mammography do not predict MI on stress
MPS, and further cardiac workup based on the presence of BAC is
not warranted. BAC is very common in mammography up to 59%
and associated with age, diabetes, CKD, and hypertension. In contrast,
the prevalence of MI is only 13% in women with BAC and associated
with age, diabetes, CKD, hyperlipidemia, and impaired left ventricular
function.
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Introduction

Breast arterial calcification (BAC) is a type of medial artery
calcification that can be seen incidentally on mammography,
and deposition of calcification in the arterial media is known
as arteriosclerosis which is also known as Monckeberg’s arte-
riosclerosis [1, 2]. The deposition of calcified and non-calci-
fied plaques in the arterial intima is known as atherosclerosis
[3]. However, some recent studies suggested that Monck-
eberg’s arteriosclerosis involves both the media and internal
elastic lamina [4]. Pathological studies demonstrated that the
presence of medial calcification in the aorta and arteries of
lower extremities is more common in the older population [5]
and other selected groups such as diabetes mellitus [6] and
renal disease patients [7]. Recently, many investigations have
demonstrated that BAC is a potential women-specific risk fac-
tor for both coronary artery disease (CAD) and cardiovascular
disease (CVD) [8]. Unfortunately, the presence or absence of
BAC is often ignored during the mammographic assessment,
and several studies have demonstrated that the presence and
severity of subclinical atherosclerosis and CVD could be as-
sessed by mammograms [9, 10]. The presence of coronary
artery calcification (CAC) is a well-established risk factor for
CAD, and studies have demonstrated that higher coronary ar-
tery calcium score (CACS) is associated with higher risk of
coronary heart disease events [11], and the presence of CAC
has also been used to justify the use of more aggressive CAD
risk factor modification treatment [12]. The relationship be-
tween BAC and CAC has been examined in several studies;
the majority of published studies point to a significant rela-
tionship between BAC and CAC, and the presence of BAC
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Figure 1. Visual scoring of breast arterial calcification (BAC): (a) no BAC (score 0); (b) mild BAC, one vessle (arrow), single wall,
and less than one-third of the vessel length (score 3); (c) moderate BAC: two vessels (arrows), two wall with visualization of the
vessels lumen and less than two-thirds of the vessel length (score 8); (d) severe BAC: multiple vessels, dense calcification with
obliteration of the vessels lumen, and more than two-thirds of the vessels length (score 13).

improved the ability to identify women with CAC compared
to Framingham risk score (FRS) alone [13-18]. Myocardial
perfusion single-photon emission computed tomography
(MPS) plays a key role in diagnosing CAD, and establishing
prognosis and effectiveness of therapy [19, 20]. Prior stud-
ies have demonstrated the strong relationship between pres-
ence or absence of MI on MPS and CACS [21, 22]. However,
currently, there are no studies investigating the relationship
between BAC and MPS, and this study aimed to determine if
breast calcification on mammogram could determine the pres-
ence of MI in MPS.
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Materials and Methods
Study population

This retrospective study was approved by the institutional re-
view board at our institution. A total of 435 females, however,
underwent screening or diagnostic mammogram and stress
MPS for clinically appropriate indications from January 2015
to December 2016, and both mammogram and MPS were per-
formed within 1 year of each other. Patients with known CADs
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Table 1. Patient Characteristics and Comparison of Presence and Absence of BAC Based on CAD Risk Factors

All Absence of BAC Presence of BAC P-value

N 435 177 (41%) 258 (95%)

Age, years (mean + SD) 58+8 55+7 61 £8 0.0001
Diabets mellitus 237 84 183 0.0148
Hyprtension 291 108 41 0.0309
Smoking 2 2 0 0.087
Hyerlipidemia 194 81 113 0.6856
Chronic kidney disease 176 49 127 0.0001
Family history 10 4 6 0.9642

such as coronary artery bypass grafting (CABQG), percutaneous
coronary intervention (PCI), MI, prior positive coronary an-
giogram or positive MPS were excluded from the study. Risk
factors for CAD were obtained from a chart review.

MPS acquisition and analysis

Stress and rest single-photon emission computed tomography
(SPECT) imaging were performed with technetium-99m tetro-
fosmin according to standard American Society of Nuclear
Cardiology guidelines [23]. Most subjects underwent pharma-
cological stress test, with dipyridamole using standard infu-
sion protocols. Medications such as nitrates and beta-blockers
were stopped at least 12 h before testing. The SPECT images
were visually interpreted in all three standard projections,
along with the gated SPECT and raw image data to assess for
perfusion. All images were re-oriented in short, vertical, and
horizontal views, utilizing auto-SPECT (Cedars-Sinai Medi-
cal Center, Los Angeles, CA) for visual interpretation by an
experienced nuclear medicine physician. The reader was not
biased by clinical information. Stress and rest perfusion im-
ages were scored using 17 tomographic segments, which in-
cluded six segments each for the basal and mid-ventricular
slices, and four segments for the apical short-axis slices. The
final segment was located in the most apical part of the left
ventricle. Finally, gated short-axis images were processed with
quantitative SPECT software, to measure the ejection fraction.
In the visual analysis, the 17 segments were scored for perfu-
sion defects on a four-point system (0 = normal; 1 = mild; 2 =
moderate; and 3 = severe), for both the stress and rest images.
A gated SPECT result was considered normal if as follows: no
visual perfusion defect, summed stress score < 3, a left ven-
tricular ejection fraction (LVEF) at rest > 50%.

Mammography

Mammograms were performed using full-field digital mam-
mography system on either Hologic Dimensions unit (Bed-
ford, MA) or GE Senographe Essential (GE, Paris, France),
with the acquisition of standard views. An experienced ob-
server interpreted the mammogram on a dedicated, calibrated
workstation in a blinded fashion. BAC scoring was reported as
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described previously by Margolies et al [18], with some modi-
fication. The density of calcium in the most severely affected
artery was reordered as none (score 0); mild, only one ves-
sel wall involved (score 1); moderate, two vessel walls were
involved (score 2); and severe, with severe calcification and
complete obliteration of the vessels wall (score 3). The length
of the involved vessel was recorded as none (score 0), less
than one-third of the vessels (score 1), one-third to two-thirds
(score 2), and more than two-thirds of vessel length (score 3).
The number of the involved vessels in each breast was numeri-
cally coded as | to 6; in the case where more than six vessels
are involved, the maximum coded number was 6, with total
score ranging from 0 to 13. The total score was further grouped
into four categories: zero BAC (none), mild BAC (score 1 - 4),
moderate (5 - 8), and severe (9 - 13) (Fig. 1a, b, ¢, and d).

Statistical analysis

The software package SAS version 9.4 (SAS Institute Inc.,
Cary, NC, USA) was used to analyze the data of this retrospec-
tive study. Descriptive statistics for the continuous variables
were reported as mean + standard deviation and categorical
variables were summarized as frequencies and percentages.
Continuous variables were compared using Student’s z-test
and Pearson’s correlation test, while categorical variables
were compared using Chi-square test. Univariate and multi-
variate logistic regression analyses were used to define which
demographic and clinical characteristics are associated with
the main outcomes of the study. The level of statistical signifi-
cance is set at P < 0.05.

Results

Patient characteristics and comparison of presence and ab-
sence of BAC based on CAD risk factors

BAC was found in 258 (59%) of the study population (Table
1). BAC-positive patients were significantly older than BAC-
negative patients (P < 0.0001), there were strong associations
between BAC and hypertension (P = 0.0309), chronic kidney
disease (CKD) (P = 0.0001), and diabetes (P = 0.0309), but
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Table 2. Comparison of Normal MPS and Abnormal MPS Based on CAD Risk Factors

All Normal MPS, 380 (87%) Abnormal MPS, 55 (13%) P-value

N 435 380 (87%) 55 (13%)

Absence of BAC 177 155 (36%) 22 (5%)

Presence of BAC 258 225 (51%) 33 (8%) 0.3069
Diabetes mellitus 237 199 38 0.0199
Hypertension 291 250 41 0.1971
Smoking 2 1 1 0.1111
Hyperlipidemia 194 162 32 0.0301
Chronic kidney disease 176 145 31 0.0101
Family history 10 9 1 0.7991

there were significant associations between BACV and hyper-
lipidemia, family history of CAD, and smoking (P = 0.6856, P
=0.9642, and P = 0.087, respectively).

Comparison of normal MPS and abnormal MPS based on
CAD risk factors

Normal MPS was found in 380 (87%) of the population and
abnormal in only 13%. There was no association between
MPS and BAC with P value of 0.3069 (Table 2). There were
associations between MPS and diabetes (P = 0.0199), hyper-
lipidemia (P = 0.0301), and CKD (P = 0.0101). There were
no associations between MPS and hypertension, smoking, and
family history of CAD (P=0.1971,P=0.111, and P=10.7991,
respectively).

Comparison of normal MPS and abnormal MPS based on
the age and left ventricular function

The mean age of the total study population was 58 + § years,
and the mean left ventricular function was 63+9% (Table
3). There was a strong association between MPS and patient
age and left ventricular function with P values of 0.0001 and
0.0425, respectively.

Relationship between BAC was based on the number of
the arteries, density of calcification, and length of the vessels,
and total BAC score and MPS.

The number of involved breast arteries was mostly one
(19%), two (12%), and three (29%), but more than three ar-
teries were less than 1%. The distribution of the density of
calcification and length of the vessels were distributed more
equally among all patients with positive BAC. The mean score

of BAC was 5 £ 5 in patients with normal MPS and was 6 +
6 in patients with abnormal MPS. There were no associations
between the number of the involved arteries, density of calcifi-
cation, length of the involved vessels, and total BAC and MPS
results (P = 0.3668, P = 0.1693, P = 0.4954, and P = 0.2095,
respectively) (Table 4).

Relationship between BAC score categories and MPS

BAC score categories include zero group (absence of BAC),
mild (1 - 4), moderate (5 - 8), and severe (9 - 13); total num-
ber of zero category was 177, mild category was 46, moderate
category was 67, and severe category 143. There was no asso-
ciation between BAC categories and MPS result (P = 0.3069)
(Table 5).

Predicting abnormal MPS by multivariate analysis

Multivariable logistic regression analysis revealed that the left
ventricular function was the most potent predictor for MPS is-
chemia in our study; additional significant variables include
age and CKD. However, diabetes and hyperlipidemia were not
predictors on multivariate analysis (Table 6).

Discussion

This study is the first to demonstrate that there is no associa-
tion between semi-quantitative BAC mammography and MI
on MPS in a large female cohort. Furthermore, there is no as-
sociation between different BAC variables such as number of
breast arterial involvement, density of calcification, length of

Table 3. Comparison of Normal MPS and Abnormal MPS Based on the Age and Left Ventricular Function

All Normal MPS, 380 Abnormal MPS P-value
N 435 380 (87%) 55 (13%)
Age, years (mean + SD) 58+8 58+8 60+ 8 0.0425
Left ventricular function, % (mean + SD) 63+9 64+ 8 57+12 0.0001
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Table 4. Relationship Between Breast Arterial Calcification Based on the Number of the Arter-
ies, Density of Calcification, and Length of the Vessels, and Total BAC Score and MPS

Number (%) P-value
Number of involved breast arteries 0.3668
0 177 (41%)
1 81 (19%)
2 50 (12%)
3 124 (29%)
4 1 (0.2%)
5 1 (0.2%)
6 1 (0.2%)
Density of calcification 0.1693
0 177 (40)
1 94 (22%)
2 55 (13%)
3 57 (13%)
4 53 (12%)
Length of vessels 0.4954
0 177 (41%)
1 81 (19%)
2 50 (12%)
3 126 (28%)
Total score of arterial calcification 0.2095
Patient with normal MPS (mean + SD) 5+£5
Patient with abnormal MPS (mean & SD) 6+6

the vessels and MI. The study demonstrated that there are mul-
tiple predictors of MI, including patient age, diabetes, hyper-
lipidemia, CKD, and left ventricular function, in contrast to the
predictor BAC that includes patient age, diabetes and CKD.

Prior studies

To the best of our knowledge, no prior studies reported the re-
lationship between BAC detected on mammography and stress
MPS or other MI detection techniques such as stress echocar-
diography or stress magnetic resonance imaging. But there
is one study that reported the relationship between BAC and
conventional coronary angiography and a few retrospective

Table 5. Relationship Between BAC Score Categories and
MPS

studies investigated the relationship between BAC and CAC.
Zgheib et al examined the relationship between BAC and coro-
nary angiography in 172 women. The presence of BAC was
noted and compared with the presence of CAD and presence
of CAD risk factors. The authors did not observe a correlation
between BAC and coronary angiography detected CAD, even
when CAD severity was considered. This finding is highly
concurrent with our main finding that the presence of BAC
does not necessarily indicate flow limiting lesion on coronary
angiography or MI on stress MPS [24]. In contrast, the rela-
tionship between BAC and CAC has been examined in several
small studies. Margolies et al, retrospectively, examined 292
women with digital mammography and non-gated computed
tomography (CT). BAC was quantitatively evaluated (0 - 12)

Table 6. Multivariate Predictors of Abnormal MPS Result

P-value
BAC score category Normal MPS Abnormal MPS P-value Age (years) 0.0342
Zero 155 (36%) 22 (5%) Diabetes 0.3081
Mild (1 - 4) 45 (6%) 1 (%) Hyperlipidemia 0.1541
Moderate (5 - 8) 60 (14%) 7 (2%) Chronic kidney disease 0.0778
Severe (9 - 13) 120 (28%) 23 (5%) 0.3069 Mean left ventricular function <0.0001
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and CAC was visually estimated in CT. The authors found a
strong association of BAC and CAC. BAC was found to be
superior to standard cardiovascular risk factors, and high sta-
tistical association between total graded BAC score, number of
calcified vessels, density and length of the vessels involved and
CAC score (all P values < 0.0001) [18]. Pecchi et al prospec-
tively examined 74 Italian postmenopausal women aged more
than 65 years without CAD and found a modest correlation of
BAC with the presence of CAC as seen on CT. Interestingly, in
this study, the prevalence of BAC was 59% which is similar to
study population [13]. More recently, Newallo et al examined
a group of 204 African-American women who had mammog-
raphy and also referred for coronary computed tomography
angiography (CCTA) and CACS, and the authors retrospec-
tively reviewed both imaging studies for the presence of BAC
and CAD. The BAC prevalence was only 21% with CAC more
than 100 in 24 of the 204 subjects. Women with BAC-positive
were seven times more likely to have CAC higher than 100,
compared with women without BAC [16]. In another study,
Chadashvili et al performed a retrospective analysis of 145
women referred for CCTA within 1 year of mammography,
and found an association of BAC presence with CACS more
than 11. The presence of BAC correlates with more than 25%
for developing CAD. In the BAC-positive group, 70% of
subjects had more than 25% compared with only 45% in the
BAC-negative group [17]. In contrast, Moradi et al examined
150 women aged more than 40 years and CCTA; the authors
found that there was no significant difference between patients
with different severity of BAC and CAC score [25]. With the
exception of Morardi study, the published studies point to a
significant relationship between BAC and CAC. However,
these data should be interpreted with caution because of small
sample sizes with possible selection bias, different methods for
measuring CAC and BAC, and different ethnic groups.

Impact of CAD risk factors on MI and BAC

Although the study data showed no significant association
between BAC and ischemia on MPS, there are several tradi-
tional risk factors associated with ischemia on MPS, includ-
ing age, diabetes, hyperlipidemia, CKD, and left ventricular
function. In multivariate logistic regression analysis, the most
potent predictors for ischemia were left ventricular function
(P <0.0001) and age (P = 0.0342). The prevalence of MI was
13% in the study population. We do not have coronary angiog-
raphy correlation for those patients with abnormal MPS. The
possibility of false positive studies cannot be completely ex-
cluded. In female patients, breast attenuation is common and
may result in a perfusion defect along anterior wall of the left
ventricle. It sometimes can be difficult to distinguish breast at-
tenuation form true defects, and in our laboratory we utilize at-
tenuation correction and gated SPECT which greatly improve
the specificity and we had excellent correlation with coronary
angiography. On the other hand, the main predictors for BAC
on mammography were age, diabetes, and CKD. The location
of BAC and CAC is different: BAC is the manifestation of
Monckeberg’s arteriosclerosis also knows as calcific medial
sclerosis but CAC is the marker of atherosclerosis. Our current
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study and other prior studies demonstrated significant consist-
ent association for age, CKD, diabetes, and hypertension with
no relationship to the conventional CAD risk factors for hy-
perlipidemia, smoking, or family history of CAD. However,
the lack of association between BAC and MI as demonstrated
in our study, and lack of correlation between BAC and ob-
structive coronary artery disease on coronary angiography, ex-
plained that both calcific medial sclerosis and arterial athero-
sclerosis share most CAD risk factors, such as age, diabetes,
CKD, a discrepancy between anatomy (as shown by CAC),
and physiology (MI on MPS), or may be different mechanism
that need further studies. For example, patients with CKD have
high incidence and severity of CAD compared to patients with
normal renal function [26], standard risk factors for CAD are
common in CKD, oxidative stress has been linked to the patho-
genesis of plaques formation and plaques rupture [27]. Arte-
rial medial calcification was found to be a strong prognostic
marker of all cause and CV mortality in hemodialysis patients,
independent of conventional CAD risk factors. The principal
effect of arterial medial calcification on arterial function is in-
creased arterial stiffness [7].

Prevalence and visual scoring of BAC

The prevalence of BAC in our study population is 59%, which
is significantly higher compared to previous published data.
The prevalence of BAC in published studies varies from 1%
to 49%. Age is the most powerful factor influencing the preva-
lence of BAC (sickles). Race and ethnicity is another significant
factor in the prevalence of BAC. In a large cohort of women
aged 32 - 92 years who had routine mammography, Hispanic
women had highest prevalence (34%), whereas Asian women
had the lowest (7%), vs. 24% in white women, and 25% in Af-
rican women [28]. Pecchi et al examined 74 postmenopausal
women aged more than 65 years and found a high prevalence
of BAC up to 59%, which is exactly similar to the prevalence
of BAC in our study. Based on these data, it appears that be-
side the age, the race ethnicity, geographical location also
determines the prevalence and severity of BAC [13]. Further
studies are needed for better understanding of BAC prevalence
and its key determinants in multi-ethnic, international popula-
tions. Ordinal BAC score was descried by Margolies et al [18];
however, we modified the visual scoring, instead of maximum
score of 12 to score of 13. The density calcium in the most se-
verely affected segment was recorded as none (score 0); mild,
only one vessel wall involved (score 1); moderate, two ves-
sel wall involved (3); and severe, with no visible lumen (4).
There are quite a number of variabilities in reporting BAC on
mammography. One of the previous studies by Henkin et al
reported BAC as the presence of linear deposits of calcifica-
tions along the periphery of tapered structures, which is the
typical configuration of the breast vessels but with no visual
scoring [29]. In another study by Zgheib et al, BAC status was
determined by defining discrete BAC variable with no scoring
system, and BAC was defined as a dichotomous variable, total
number of quadrant containing BAC, and longest continuous
variable [24]. The authors of the previous studies investigating
BAC and CAD have used different scoring and visualization
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techniques; obviously, lack of standardization of BAC report-
ing on mammography is an important limitation of previous
studies which limits accurate comparison among different re-
ports. The ideal scoring system to report BAC requires further
studies and investigations.

Study limitations

We acknowledge that our study has some limitations. This is
a retrospective study of women who had mammography and
were referred for clinically indicated stress MPS, and there-
fore, subjected to selection bias, including coexisting and/or
high prevalence of CAD for which MPS was ordered. Ordinal
scoring of BAC was not validated or reported in other pub-
lished study, although we have applied a scoring system very
similar to published BAC score by Margolies et al [ 18], further
investigation and studies are required to standardize BAC re-
porting on mammography. Since women with positive MPS
did not undergo coronary angiography, there is a possibility of
false positive MPS and is not excluded particularly in women
with breast attenuation artifacts. Finally, the study was con-
ducted on Middle Eastern, Mediterranean population with dif-
ferent ethnic, racial, and social background; caution must be
exercised in applying the result to the worldwide population.

In summary, based on our current study, the presence and
severity of BAC on screening or diagnostic mammography
do not predict MI on stress MPS, and further cardiac workup
based on the presence of BAC is not warranted. BAC is very
common on mammography up to 59%, and associated with
age, diabetes, CKD, and hypertension. In contrast, the prev-
alence of MI is only 13% in women with BAC and associ-
ated with age, diabetes, CKD, hyperlipidemia, and impaired
left ventricular function. Probably this group of women will
benefit with additional cardiac workup for better diagnosis and
stratification of CAD.
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