S
=
S
<z
=
-
(/]
<<
w
-4
(-]
|
o o
(&5}
cc
oy
wn
(YN
oc
|
<T
=
S
o
(=)

Note: Thiscopy isfor your personal, non-commercial use only. To order presentation-ready copies for
distribution to your colleaguesor clients, contact us at www.rsna.org/rsnarights.

Menstrual Cycle—related
Fluctuations in Breast Density
Measured by Using Three-
dimensional MR Imaging’

Siwa Chan, MD
Min-Ying L. Su, PhD
Fu-Ju Lei, BS

Jia-Pei Wu, BS
Muging Lin, MS
Orhan Nalcioglu, PhD
Stephen A. Feig, MD
Jeon-Hor Chen, MD

1From the Department of Radiology, Taichung Veterans
General Hospital, Taichung, Taiwan (S.C.); Department of
Radiology, China Medical University Hospital, Taichung,
Taiwan (S.C., FJ.L., J.PW., J.H.C.); Department of Cogno-
Mechatronics Engineering, Pusan National University,
Pusan, Korea (0.N.); and Tu & Yuen Center for Functional
Onco-Imaging (M.Y.L.S., M.L., O.N., J.H.C.); Department of
Radiological Sciences (M.Y.L.S., M.L., O.N., S.AF, J.H.C.),
University of California Irvine, Irvine Hall 164, Irvine, CA
92697; and College of Medicine, China Medical University,
Taichung, Taiwan (J.H.C.). Received March 9, 2011; revi-
sion requested May 1; revision received May 23; accepted
June 13; final version accepted June 23. Supported in part
by California Breast Cancer Research Program grant no.
14GB-0148 and 16GB-0056. Address correspondence to
J.H.C. (e-mail: jeonhc@uci.edu).

©RSNA, 2011

Purpose:

Materials and
Methods:

Results:

Conclusion:

To investigate the fluctuation of fibroglandular tissue vol-
ume (FV) and percentage of breast density (PD) during
the menstrual cycle and compare with postmenopausal
women by using three-dimensional magnetic resonance
(MR)-based segmentation methods.

This study was approved by the Institutional Review Board
and was HIPAA compliant. Written informed consent was
obtained. Thirty healthy female subjects, 24 premeno-
pausal and six postmenopausal, were recruited. All sub-
jects underwent MR imaging examination each week for 4
consecutive weeks. The breast volume (BV), FV, and PD
were measured by two operators to evaluate interopera-
tor variation. The fluctuation of each parameter measured
over the course of the four examinations was evaluated on
the basis of the coefficient of variation (CV).

The results from two operators showed a high Pearson
correlation for BV (R? = 0.99), FV (R? = 0.98), and PD
(R? = 0.96). The interoperator variation was 3% for BV
and around 5%-6% for FV and PD. In the respective pre-
menopausal and postmenopausal groups, the mean CV
was 5.0% and 5.6% for BV, 7.6% and 4.2% for FV, and
7.1% and 6.0% for PD. The difference between premeno-
pausal and postmenopausal groups was not significant (all
P values > .05).

The fluctuation of breast density measured at MR imaging
during a menstrual cycle was around 7%. The results may
help the design and interpretation of future studies by
using the change of breast density as a surrogate marker
to evaluate the efficacy of hormone-modifying drugs for
cancer treatment or cancer prevention.

©RSNA, 2011
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reast tissues are known to re-

spond to hormonal fluctuation and

show changes during the men-
strual cycle (1). Differences in the his-
tologic characteristics of breast tissues
between the follicular and luteal phases
have been reported (1-3). The follicu-
lar phase is mainly characterized by a
dense and cellular stroma without ac-
tive mammary glandular secretion. The
luteal phase shows pronounced stromal
edema, as well as extensive basal cell
vacuolization, enlargement of ductal
lumen with active glandular secretion,
and venous congestion (2,3). These
histologic differences may account for
the changes of perfusion, parenchymal
structure, and water content observed
in imaging studies.

Mammographic density has been
correlated with proliferative activity
of breast cells (4). Studies with self-
reported dates of menstrual bleeding
have suggested that mammographic
density is slightly greater in the luteal

Advances in Knowledge

B Breast volume (BV) and
fibroglandular tissue volume (FV)
at different time points of a men-
strual cycle can be consistently
measured by two different opera-
tors, achieving the interoperator
variation of 3% for BV and
5%-6% for FV and percentage of
density (PD).

B The coefficient of variation for
BV, FV, and PD measured over
the course of four MR imaging
examinations performed weekly
was used to evaluate menstrual
cycle-related fluctuation, which
is in the order of 7%, only
slightly higher than the interop-
erator variation.

B Overall, the menstrual cycle—
related fluctuation was not sig-
nificantly different between pre-
menopausal and postmenopausal
women (all P values > .05); how-
ever, a greater than 10% varia-
tion was seen in several pre-
menopausal women, while none
was observed in postmenopausal
women.

than the follicular phase of the men-
strual cycle (5,6). Mammograms ob-
tained in the luteal phase of the men-
strual cycle may appear denser and may
lead to a false-negative result at exam-
ination in the detection of breast can-
cer (5,6). However, the evidence is not
strong enough to adjust the scheduling
of screening mammography on the ba-
sis of the menstrual cycle.

In contrast, the effect of breast den-
sity on the diagnostic accuracy of mag-
netic resonance (MR) imaging is more
established. It has been shown that
the background tissue enhancements
are lower in the follicular than in the
luteal phase, and screening MR imaging
is recommended to be performed dur-
ing the follicular phase. Several studies
have reported changes in breast tis-
sue at MR imaging during a menstrual
cycle (7-16), including water and fat
content (8), parenchymal enhance-
ment (9,10,13,15), elasticity (11), wa-
ter diffusion (12), breast volume (BV),
and fibroglandular tissue volume (FV)
(7,14,16).

It has been suggested that the change
of breast density may serve as a sur-
rogate marker for predicting the effi-
cacy of hormone-modifying drugs such
as tamoxifen, raloxifene, or aromatase
inhibitors (17-20), but further studies
are needed to confirm this hypotheses.
As the first step, factors that may af-
fect density measurements, such as the
timing during a menstrual cycle, need
to be investigated. The variation of BV
and FV in a menstrual cycle have been
measured at MR imaging by using a
small number of subjects, but the anal-
yses did not take advantage of a well-
established method for quantitative
assessment (7,16). The purpose of this

Implication for Patient Care

B The density fluctuations studied
in this work with semiautomatic
algorithms can measure BV and
PD with highly repeatable accu-
racy; the results may provide
important information for the
design of longitudinal studies to
evaluate the changes in density
during drug interventions.

study was to investigate the fluctuation
of FV and percentage of breast densi-
ty (PD) during the menstrual cycle and
compare with postmenopausal women
by using three-dimensional MR-based
segmentation methods.

Materials and Methods

Subjects

This study was approved by the Insti-
tutional Review Board and was Health
Insurance Portability and Accountabil-
ity Act compliant. Written informed
consent was obtained. Thirty healthy,
nonsmoking, Asian female subjects
were recruited. They included 24 pre-
menopausal (mean age, 29 years; age
range, 23-48 years) and six postmeno-
pausal (mean age, 57 years; age range,
51-61 years) women. The postmeno-
pausal women had stopped menstrua-
tion for 2-9 years (mean, 5 years). All
subjects were Asian women, and most
of them were slim; the body mass in-
dex for these 30 subjects ranged nar-
rowly from 17.2 to 25.8 kg/m? (mean,
20.9 kg/m? = 2.1 [standard deviation]).
All premenopausal women had regular
menstrual cycles and were not pregnant
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at the time of this study. One premeno-
pausal woman had a history of hormonal
therapy for a lumpy sensation but had
ceased the treatment 6 months prior.
Another premenopausal woman had a
history of lumpectomy for fibrocystic
change. At the time of participation in
this study, all subjects were healthy and
without symptoms. None were taking
contraceptive pills or receiving any hor-
monal therapy.

MR Imaging Acquisition

All subjects underwent breast MR imag-
ing examination once a week for 4 con-
secutive weeks, for a total of four ac-
quisitions. Because the postmenopausal
women do not have a menstrual cycle,
the first MR imaging was noted as MR
imaging 1, and the three subsequent
MR imaging studies performed weekly
were noted as MR imaging 2 to MR
imaging 4. For premenopausal women,
MR imaging 1 was defined as the ex-
amination performed after the start of
menstruation as reported by the sub-
ject. The examinations performed in
the following 3 weeks were then noted
in sequence as MR imaging 2, MR im-
aging 3, and MR imaging 4. MR imaging
1 and MR imaging 2 were more likely
in the follicular phase, and MR imaging
3 and MR imaging 4 were in the luteal
phase. The breast MR imaging was
performed with a 1.5-T MR imager
(Somatom; Siemens, Erlangen, Germany)
with a four-channel dual-mode breast
coil. Because the purpose of this study
was only to characterize the change of
breast tissue and not to diagnose breast

lesions, the MR studies were performed
without the injection of contrast agent.
All subjects were imaged in the prone
position with arms positioned down by
their sides. The breasts were not sta-
bilized or compressed during imaging.
The T1-weighted images acquired
by using a three-dimensional non-fat-
suppressed gradient-echo pulse sequence
without a parallel imaging technique
were used for measurements of BV,
FV, and PD. The imaging parameters
were as follows: field of view, 350 mm:;
section thickness, 2 mm; repetition
time, 11 msec; echo time, 4.7 msec; flip
angle, 20°; and matrix size, 256 X 256.

Breast and Fibroglandular Tissue
Segmentation

The segmentation of the breast re-
gion and the fibroglandular tissue was
performed by using a computer-based
algorithm (21,22) by two research as-
sistants (F.J.L. and J.P.W., with radio-
logic technology and medical imaging
backgrounds, both with 1 year of ex-
perience in segmenting breast MR im-
ages). To ensure consistency, they had
to go through a training process by us-
ing other test data sets. The operators
had to demonstrate that the measure-
ments done on two occasions at least
3 days apart could reach less than 5%
variation before they were certified to
analyze cases for this study.

The superior and inferior boundaries
of the breast (the beginning and ending
sections) were determined by compar-
ing the thickness of breast fat with the
body fat. Nonbreast subcutaneous fat

on the chest typically displays homoge-
neous thickness across the chest wall,
whose fat-air boundary is closely par-
allel with the chest wall-fat boundary.
Because a large area is imaged by using
the surface coil, the intensity nonunifor-
mity due to the strong bias field has to
be corrected for density segmentation.
We used an iterative bias field correc-
tion scheme utilizing the combination
of nonparametric nonuniform intensity
normalization and fuzzy c-means-based
algorithms (21).

The steps in the breast segmenta-
tion sequence were as follows: (a) Per-
form an initial horizontal line cutting
based on the posterior margin of the
sternum to exclude the thoracic region.
Depending on the morphology of the
breast, the line might be adjusted fur-
ther posteriorly, up to 2.5 em. This was
to ensure that no fibroglandular tissue
was inadequately chopped off. Once a
new landmark was chosen, it was used
for the four breast MR images in the
same subject. (b) Apply fuzzy c-means
clustering and B-spline curve fitting to
obtain the breast-chest boundary. (c)
Perform a vertical line cutting perpen-
dicular to the sternum in the middle to
separate between the right and the left
breasts. The use of the dedicated breast
coil allows a wide separation between
the bilateral breasts, and the medial
boundary can be easily detected based
on edge detection. After the breast
was segmented out, the total BV was
calculated. (d) Apply dynamic search-
ing to exclude the skin along the breast
boundary. (e) Apply nonparametric
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Figure 1:  Graphs show high correlation for (a) BY, (b) FV, and (c) PD as measured by two operators.
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nonuniform intensity normalization
and fuzzy c-means algorithms to cor-
rect the intensity nonuniformity for
segmentation of fibroglandular tissue
and fatty tissue. (f) Apply standard
fuzzy c-means algorithm to classify all
pixels on the image into six clusters—
three as fibroglandular tissues and the
other three as fatty tissues. After com-
pleting the segmentation from all two-
dimensional imaging sections, FV was
calculated. PD was calculated as FV/BV
X 100%.

Quality Control for the Measurement of
Breast Density

After the segmentation, the operators
went through the images section by
section and visually identified the seg-
mentation errors. In general, several
types of segmentation errors, one or in
combination, might be found occasion-
ally in a few sections of the whole set
of breast MR images. These errors in-
cluded fatty tissue mistakenly segmented
as fibroglandular tissue because of in-
complete bias field correction, inclusion
of nipple, and incomplete segmentation
of fibroglandular tissue because of par-
tial volume effect. If the segmentation
quality was not satisfactory, the strate-
gies for error correction included the
following: (a) further improve field
inhomogeneity correction, (b) reseg-
ment breast region by using a different
landmark, (c) redo nipple exclusion by
using computer algorithms, (d) change
local contrast, and (e) change fuzzy c-
means cluster setting for segmentation.
Manual correction is the very last resort
when none of the computer algorithms
worked, which occurred infrequently
(but was not quantified).

The processing time to analyze the
whole set of images for both breasts
of a subject, including the corrections,
was completed in 45 minutes. Last, a
breast radiologist (J.H.C., with 6 years
of experience in interpreting breast MR
images) verified the segmentation qual-
ity case by case by using the original
unsegmented images as the reference.

Statistical Analysis

The left and right breasts were ana-
lyzed separately. The Pearson correlation

coefficient (r) was used to test the inter-
operator consistency for the measure-
ment of BV, FV, and PD. Coefficient of
variation (CV), defined as the standard
deviation divided by the mean, was used
to analyze the measurement variations
(fluctuations) among the four MR im-
aging studies. A higher CV indicates a
higher fluctuation among the four mea-
surements. A two-tailed Student t test
was used to test the difference in the CV
measurement of BV, FV, and PD between
premenopausal and postmenopausal
groups and difference of PD acquired at
different weeks of the menstrual cycle in

premenopausal women and at 4 consec-
utive weeks in postmenopausal women.
The association of the CV measurement
with body mass index and the averaged
PD was evaluated by using the Pearson
correlation (strong correlation, 1 = |r|
= 0.7; weak correlation, 0.7 > |r| =
0.3; little or no correlation, |r| < 0.3).
For the comparisons that yielded insig-
nificant differences, a post hoc power
analysis was performed to determine the
case number needed to attain a power of
80%. With a subject allocation ratio of
1:1 between the two groups, to attain a
power of 0.8 for CV of BV, FV, and PD,

Interoperator Measurement Variation between Two Operators

Examination BV (%) FV (%) PD (%)
MR imaging 1 (n = 60 breasts) 27 +22 6.3 +5.8 59 +53
MR imaging 2 (n = 60 breasts) 32+35 6.0 =52 55+ 48
MR imaging 3 (n = 60 breasts) 28+20 6.1 =59 55+ 5.2
MR imaging 4 (n = 60 breasts) 25+21 6.0 + 6.0 52+ 5.1

Note.—Data are averaged percentage variation among 60 breasts analyzed from 30 subjects. Variation for each breast was
calculated as the standard deviation between the two measurements made by two operators divided by their mean, as a

percentage.

BV, FV, PD, and the Range and Mean of CV Measured from Four MR Examinations

during a Menstrual Cycle

Parameter BV Fv PD (%)
Operator 1
Premenopausal group (n = 24)
Mean =+ standard deviation (in 192 breasts) (mL)* 247 = 87 48 + 25 199+75
CV range (in 48 breasts) (%) 3.9-17.7 2.8-17.2 0.7-25.1
CV (%)t 49 + 3.1 7.7 +34 7.0 =441
Postmenopausal group (n = 6)
Mean =+ standard deviation (in 48 breasts) (mL)* 335 =119 23 +5.8 8.7 *34
CV range (in 12 breasts) (%) 1.1-13.2 3.0-6.3 2.1-11.0
CV (%)* 55+ 3.8 41 +1.1 6.0 = 3.1
Operator 2
Premenopausal group (n = 24)
Mean = standard deviation (in 192 breasts) (mL)* 253 + 89 52 +27 212 +83
CV range (in 48 breasts) (%) 0.4-17.4 2.2-18.3 1.0-21.8
CV (%)t 50+3.0 75+ 37 71+36
Postmenopausal group (n = 6)
Mean =+ standard deviation (in 48 breasts) (mL)* 304 = 95 24 = 6.1 87 +33
CV range (in 12 breasts) (%) 2.6-13.6 2.5-8.0 2.3-12.6
CV (%)* 56+ 3.7 43+17 6.0 = 3.6

*Mean = standard deviation are calculated on the basis of all analyzed breasts from four MR imaging studies.

T Data are means = standard deviations among 48 breasts.
* Data are means = standard deviations among 12 breasts.
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Figure 2:  Graphs show measured PD from (a) MR imaging 2 (MRI-2), (b) MR imaging 3 (MRI-3), and (c) MR imaging 4 (MRI-4) compared with MR imaging 1
(MRI-1). Data are distributed along the unity line, indicating that there are no discernable systematic differences between MR imaging 2, MR imaging 3, and MR
imaging 4 compared with MR imaging 1, but some deviations away from the unity line are clearly visible.

we would need a sample size of 308, 22,
and 185 in each group, respectively. The
post hoc power analysis for fluctuations
with respect to body mass index revealed
that the sample size should be 90 for op-
erator 1 and 193 for operator 2.

Interoperator Consistency Test

For the interoperator consistency test,
each operator analyzed all 240 breasts
(30 subjects X four MR imaging ex-
aminations X two breasts), and their
results were compared. The results be-
tween two operators were highly cor-
related: R% = 0.99 for BV, R% = 0.98 for
FV, and R? = 0.96 for PD (Fig 1). Inter-
operator variation was around 3% for
BV and 6% for FV and PD (Table 1).
The P values for comparing measured
BV, FV, and PD between the two opera-
tors were all less than .0001.

Fluctuation of Density Measurements
during a Menstrual Cycle

The mean CV in all 30 subjects was
5.1% for BV, 7.1% for FV, and 6.9% for
PD. In the respective premenopausal
and postmenopausal groups, the mean
CV was 3.0% and 5.6% for BV, 7.6%
and 4.2% for FV, and 7.1% and 6.0%
for PD (Table 2). These fluctuation val-
ues were only slightly higher than the
interoperator measurement variation.
The CV of BV, FV, and PD did not show a

Percent breast density (%)
N
o

o] week-1 week-2 week-3 week-4
a.

Figure 3:

Percent breast density (%)
[+

o J week-1 week-2 week-3 week-4

b.

(a, b) Box plots show the comparison of PD measured from week 1 to week 4 in (a) premeno-

pausal and (b) postmenopausal women. Bottom and top of the box = 25th and 75th percentiles, respectively.
W = Median, whiskers = minimum and maximum. The PDs in week 2, 3, and 4 compared with week 1 are
not significant (P = .67, .83, and .91, respectively, for premenopausal women and P = .74, .90, and .98,

respectively, for postmenopausal women).

significant difference between premeno-
pausal and postmenopausal groups (P =
.65, .06, and .40, respectively). Figure 2
shows the measured density from MR
imaging 2, MR imaging 3, and MR im-
aging 4 compared with MR imaging 1.
Figure 3 shows box plots comparing
breast density acquired from week 1
to week 4 in premenopausal and post-
menopausal women. All comparisons
(week 1 to week 2, week 1 to week 3,
week 1 to week 4) showed no signifi-

cant difference (P = .67, .83, and .91,
respectively, for premenopausal women
and P = .74, .90, and .98, respectively,
for postmenopausal women).

Association of Density Fluctuation with
Density and Body Mass Index

On a per-subject basis (the CVs mea-
sured from the left and the right breasts
were averaged), a 10% or greater fluc-
tuation of FV and PD was observed in
several premenopausal women (seven

748
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Figure 4:  Plot of CVs of the PD measured among the four MR imaging
studies in one menstrual cycle with respect to the mean. The results from
60 breasts measured by two operators are shown. One subject has a high
variation. The CV of both breasts analyzed by operator 2 and the right breast
analyzed by operator 1 is around 20%. This case is illustrated in Figure 5.

C. d.

Figure 5:  (a—d) Representative MR images from the right breast of 30-year-old subject with about 20%
variation in Figure 4. Images are from one corresponding location in four MR imaging studies. FVs from (a)
week 1, (b) week 2, (c) week 3 to (d) week 4 are 30, 27, 25, and 36 cm?, respectively. It is apparent that
the fibroglandular tissue is increased substantially in week 4, corresponding to her late luteal phase. The
corresponding PDs are 12.0%, 12.2%, 11.5%, and 16.8%, respectively. CVs for FV and PD are 16.5% and
18.9%, respectively.

of 24 and four of 24, respectively, by
operator 1 and six of 24 and one of
24, respectively, by operator 2) and in
none of the six postmenopausal women.
Overall, the fluctuation was not associ-
ated with density (|r| < 0.3) (Fig 4)
or body mass index (r = —0.3 for op-
erator 1, r = —0.2 for operator 2).
One extreme case example showing
greater than 20% variation (with great-
est amount in the late luteal phase) is
illustrated in Figure 5. Figures 5 and 6
and Figures E1-E4 (online) show ex-
amples of density changes in premeno-
pausal and postmenopausal women.

Studies examining histologic changes
of breast tissue in different phases of a

menstrual cycle have demonstrated mor-
phologic changes in the epithelial and
stromal components (2,3), and these
changes may manifest as variations
in breast density. Several studies have
shown that mammographic density has
a small, but not statistically significant,
increase in the luteal phase compared
with the follicular phase (23-26).

MR imaging has been used to evalu-
ate the changes of breast tissue and wa-
ter content within the menstrual cycle
(7-16). Most studies have focused on
evaluation of the effect of different phys-
iologic phases on parenchymal enhance-
ments (9,10,13,15), which is an impor-
tant concern for accurate diagnosis of
breast lesions. A higher background
tissue enhancement, usually occurring
in the luteal phase, may obscure the
detection of abnormal lesions. There-
fore, it is recommended that screen-
ing MR imaging should be performed
during the follicular phase. Changes in
BV and FV have also been studied by
using MR imaging (7,14,16). Compared
with mammographic density analysis,
the three-dimensional MR imaging—
based density analysis provides a more
accurate method for assessing the
volumetric change of breast tissue.
Graham et al (7) examined changes of FV
in seven women with MR imaging and
found four of seven subjects showed un-
equivocal cyclic variations in FV, consis-
tent with expected histologic changes.

Radiology: \lolume 261: Number 3—December 2011 = radiology.rsna.org
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Figure 6

Figure 6:

(a—d) Representative MR images in 57-year-old postmenopausal subject. Compared with the

premenopausal subject in Figure 5, the breasts are fattier. The measured FVs from (a) week 1, (b) week 2,
(c) week 3 to (d) week 4 are 21.0, 21.2, 20.6, and 19.9 cmd, respectively. The corresponding PDs are 9.4%,
9.7%, 9.6%, and 8.7%, respectively. CVs for FV and PD are 2.8% and 4.6%, respectively.

In a study of eight women, Fowler et al
(16) reported a substantial increase in
parenchymal volume in the luteal phase
compared with the follicular phase.
The total BV and parenchymal volume
were the lowest between days 6 and 15.
Although interesting, the numbers of
subjects in the two studies were small;
the segmentation of the breast was not
performed based on reliable anatomic
landmarks and that could affect the mea-
sured volume.

In this study, we used a three-
dimensional MR-based semiautomatic
method to measure density from the
whole breast. Four consecutive weekly
MR imaging examinations were per-
formed over 1 month, and MR imaging
1 to MR imaging 4 were assigned on the
basis of the self-reported starting date
of menstruation, not on the basis of
serum hormonal level. Previous studies
on the correlation of breast density and
hormonal level have been controversial.

Several studies showed no significant
correlation between breast density
and the levels of salivary estradiol and
progesterone (23), or blood levels of
estrone and estradiol (27,28), and sug-
gested that measurement of hormonal
level may have a high variation and does
not provide a reliable index for sepa-
rating follicular and luteal phases. One
study, however, showed an association
between serum estradiol and PD during
the follicular phase (29).

Our computer algorithm-based
method could be used to achieve a high
segmentation quality. The method re-
quires some operator intervention, and
this is the source of interoperator varia-
tion. The superior, inferior, and poste-
rior boundaries of the breast need to
be defined by the operator, and this
may lead to different measurements
of BV. The choice of different num-
bers of fuzzy c-means clusters used in
fibroglandular tissue segmentation and

the methods used to correct the er-
roneous segmentation may affect the
measured FV. The mean variations be-
tween the two operators were relatively
small, around 3% for BV and around
6% for FV and PD.

Postmenopausal women do not
have functional ovaries, thus, there is
no cyclic effect of hormonal fluctuation
on the breast tissue. The averaged CVs
from six subjects were 5.6% for BV,
4.2% for FV, and 6.0% for PD, which
were close to the interoperator mea-
surement variation. The fluctuations
measured in premenopausal women
were higher than in postmenopausal
women (5.0% for BV, 7.6% for FV, and
7.1% for PD), but the difference was
not statistically significant. Despite the
insignificant difference between the two
groups, several premenopausal women
(four of 24 by operator 1, one of 24 by
operator 2) did show more than 10%
CV in the measured density. We also
investigated the relationship of this fluc-
tuation with body mass index but found
no correlation because of small sample
size. A post hoc power analysis revealed
that to achieve P less than .05, two-
tailed at a power of 0.8, the sample size
should reach 90 for operator 1 and 193
for operator 2. We found no trend of
association between the CV measure-
ment and the mean density. Therefore,
the menstrual cycle-related fluctuation
seems to vary from subject to subject,
not consistent in all premenopausal
women who have regular periods. We
found one woman with a 20% increase
in fibroglandular tissue.

Our study had several limitations.
The number of the study subjects in each
group was small, and therefore lack of
differences between groups, particularly
in the assessment of FV between pre-
and postmenopausal subjects (where
P = .06), could be because of sample
size. The subjects in this study were all
slim Asian women with relatively small
breast size and dense breast tissue and
a narrow body mass index range (17.2-
25.8 kg/m?), thus, the results may not
be generalizable to other populations.
The operators had to go through a train-
ing protocol before becoming certified to
analyze the cases in this study, and they
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were encouraged to consult the radiolo-
gist whenever they had questions dur-
ing the analysis process. Therefore, the
training, as well as the close supervision
and corrections by the senior radiolo-
gist, might have contributed to the rela-
tively small interobserver variability in
this study. One major source leading to
the variation in the segmented fibroglan-
dular tissue may come from the change
of T1 and T2 due to the change of wa-
ter content at different menstrual cycle
times, which results in slight differences
in the contrast between the fibroglandu-
lar tissue and the fatty tissue. However,
because we did not measure the T1 and
T2 relaxation times, we were not able to
obtain more insightful information about
the source of variations.

In summary, we have shown that a
high segmentation quality of the breast
region and the fibroglandular tissue can
be achieved by using a sophisticated
semiautomatic computer algorithm-
based method. Although the fluctuation
of FV and PD was slightly higher in the
premenopausal group than the postmeno-
pausal group, the difference was not sta-
tistically significant. However, the men-
strual cycle-related fluctuations in breast
density may vary from woman to woman;
a high variation was found in several pre-
menopausal women. The results suggest
that when the change of breast density is
used as a surrogate marker to evaluate
the effect of hormonal treatments, men-
strual cycle-related variations need to be
taken into consideration.
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