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Background: Full-field digital mammography (FFDM) and digital breast tomosynthesis
(DBT) are used separately or in combination to identify small breast lesions. The dose of the
examination depends on the density of the breast and the imaging (FFDM or DBT)
performed. We have performed a retrospective review of FFDM and DBT in women with
denser breasts in order to demonstrate how varying the combination of FFDM and DBT in
CC and MLO views affects lesion detection and the average gland dose.

Methods: Eighty-one patients with dense breast received both full-field digital mammo-
graphy (FFDM) and DBT bilateral screening. The recorded data included the display rates
for small lesions or other positive lesions, the type of breast gland, the average gland dose
(AGD), and the compression thickness of different collection methods. ANOVA was used to
compare the AGD among different collection combinations, and #-test was used to perform
pairwise comparison between groups with the same gland type. The relationship between
AGD and compression thickness was analyzed by Pearson linear correlation, and the lesion
display rates were compared using Chi-square test.

Results: We found that AGDs were significantly different among the 6 collection methods
(F =119.06, p<0.01), but were not obviously different between groups with the same gland
type (F = 0.848, p>0.05). The types of dense glands were correlated with compression
thickness, and the thickness was moderately to strongly correlated with AGD (r=0.596—-
0.736). The combination of single-view DBT(CC-DBT) and FFDM showed significantly
higher mass display rates than the two-view FFDM (p<0.05), while the display rates for other
positive lesions were similar (p>0.05).

Conclusion: Our study showed that in opportunistic screening of patients with small breast
masses that can be easily detected by ultrasound, MLO-FFDM+CC-DBT or CC-FFDM
+MLO-DBT combinations can better balance the individual average gland dose and detec-
tion accuracy. The study result cannot be applied to the detection of non-mass lesions as the
numbers are too small.
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Introduction

Breast cancer is the most common malignant tumor diagnosed in urban females,
and the patient population is becoming increasingly younger. Mammography is
currently considered as one of the most effective tools for breast cancer screening.

It can effectively detect most breast tumors, but its sensitivity is limited in dense
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glandular breasts.' Digital Breast Tomosynthesis (DBT)
can improve the cancer detection rate in dense breasts®
and reduce the overlap effect; however, the average gland
dose (AGD) used in DBT is higher. Therefore, we com-
of Full-Field Digital
Mammography (FFDM) and DBT in opportunistic screen-

pared the radiation doses
ing in this study, and analyzed their display rates for small
lesions, in order to optimize the DBT collection method
and reduce the radiation dose.

Patients and Methods

Patients

We retrospectively analyzed the data of patients in our hos-
pital from December 2015 to September 2016 who met the
following criteria: (1) General ultrasound screening revealed
a single breast mass with long and short diameters of less
than 1.0 cm, and a clear clock orientation; (2) the patient with
dense breast received FFDM and DBT examinations within
two weeks after general ultrasound screening; (3) for those
who did not undergo surgery, the mass still presented at the
original location during follow-up, and the others were con-
firmed by pathology; (4) breast density was evaluated
according to the ACR breast composition classification,
with densities category ¢ and d. The exclusion criteria
were: (1) Incomplete image data; (2) poor image quality
that affected diagnosis. A total of 81 cases were included in
the study. All patients were females, aged 2980 years old,
with an average age of 46.43+8.85 years.

Examination Method

Mammography examinations (FFDM, DBT) were per-
formed on Siemens Mammomat Inspiration digital mammo-
graphy machine. The exposure mode was fully automatic.
Under the same breast compression, FFDM and DBT image
acquisitions were performed successively. FFDM and DBT
examined the craniocaudal (CC) and medio-lateral-oblique
(MLO) of the bilateral breast. The thickness of DBT image
was 1 mm. The acquisition parameters included the
AGDpgTt, AGDgrpy of bilateral breast CC and MLO posi-
tions and the thickness of breast compression. The average
dose per view was calculated as a ratio of the AGD of
combined FFDM and DBT view compared to FFDM view
(AGD combined view/ AGDgrpm).! Ultrasound inspection used
SAMSUNG ultrasonic diagnostic equipment WS80A or
Philips color ultrasonic diagnostic system EPIQ7. Bilateral
breast ultrasonography included the parenchymal tissue of

the breast and bilateral axilla, and the tumor was marked with
clock positioning.

Image Analysis

The DBT and FFDM images were examined by two experi-
enced radiologists working on breast imaging diagnosis.
Images viewed on local PACS by the Barco SM diagnostic
workstation, and the lesions were searched according to the
quadrant and adjacent quadrants of the ultrasound clock posi-
tioning. If there was any inconsistency, they would discuss and
reach a consensus. The classification of breast gland composi-
tion and lesion diagnosis referred to the 5th edition ACR2013
breast imaging report and data system (BI-RADS).? The
lesions were described as mass, calcification, structural distor-
tion and asymmetry.

ACR BI-RADS Density

In 5th edition of the ACR BI-RADS,? the categories were
defined as follows: category a=almost entirely fat, cate-
gory b=scattered fibroglandular densities, category c=het-
erogeneously dense, which may obscure small masses, and
category d=extremely dense, which lowers the sensitivity
of mammography.

Ethical Considerations

The retrospective study was approved by the Ethical
Review Board of Affiliated Hospital 2 of Nantong
University (No. 2016KJ023) and was conducted according
to the Declaration of Helsinki principles. All patients
signed informed consent.

Statistical Analysis

Continuous measurement data with normal distribution were
expressed as mean + standard deviation (X+s). Qualitative
data were expressed as numbers and rates. 7-test was used to
compare average gland dose (AGD) and compression thick-
ness between the two groups with same dense gland type and
different breast image collection methods. Analysis of var-
iance (ANOVA) was used to compare the AGD among
different collection combinations (Table 1). The AGD in
ACR-¢c with MLO-FFDM+CC-DBT, ACR-¢ with CC-
FFDM+ MLO-DBT, ACR-d with CC-FFDM+ MLO-DBT,
and ACR-d with MLO-FFDM+CC-DBT was pairwise com-
pared. Pearson linear correlation was performed to analyze
the relationship between AGD and thickness; Chi-square test
was used to compare the display rates for breast masses and
other positive lesions. Correlation coefficient || between
0.8-1.0 indicated very strong correlation, 0.6—0.8 indicated
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Table 1 Comparison of Average Gland Doses Among Different
FFDM and DBT Methods

AGD (mGy) F value p value
Two-views-FFDM 3.64+0.86
CC-DBT 3.48+0.87
MLO-DBT 3.75+0.94
119.06 <0.01
MLO-FFDM+CC-DBT 5.36%1.30
CC-FFDM +MLO-DBT 5.51£1.33
CC-DBT +MLO-DBT 7.24£1.75

strong correlation, 0.4-0.6 indicated moderate correlation,
0.2-0.4 indicated weak correlation, and 0.0-0.2 indicated
extremely weak correlation or no correlation.

Statistical analysis was performed using SPSS statisti-
cal analysis software (PASW Statistics, version 22.0; SPSS
Inc, Chicago, IL, USA) and p < 0.05 was considered to be
statistically significant.

Results

Comparison of the Average Gland Doses
Among Different FFDM and DBT
Methods

Our results showed that the AGD differences of which meth-
ods were statistically significant (Table 1, F = 119.06,
p<0.01). Pairwise comparison showed that there was no

significant difference in AGD between two-view-FFDM
and single-view DBT (CC-DBT, MLO-DBT) (p=0.431,
0.546>0.05), CC-DBT and MLO-DBT (p =0.165>0.05),
MLO-FFDM+CC-DBT and CC-FFDM+MLO-DBT
(p=0.443>0.05). The relative dose rate of single-view DBT
was 0.94-1.52, and the relative dose rate of two-views DBT
was 1.97-2.0, which was significantly higher than that of
two-views-FFDM,
combinations.

single-view DBT, as well as the

Comparison of the Average Gland Doses
(AGD) and Thicknesses Among Different
Breast Gland Types and Image Collection

Methods

According to BI-RADS, the breast gland composition was
the dense gland type, including heterogeneous dense gland
type ACR c, and uniform dense gland type ACR d, both of
which might mask lesions. Among all cases, there were 61
cases with ACR c and 20 cases with ACR d. The results
showed that there was no significant difference in AGD
between ACR ¢ with MLO-FFDM+CC-DBT, ACR ¢ with
CC-FFDM+ MLO-DBT, ACR d with CC-FFDM+ MLO-
DBT, and ACR d with MLO-FFDM+CC-DBT (F =0.848,
p=0.469>0.05, Figure 1). The composition of dense glands
was significantly correlated with the compression thick-
ness (p=0.001 <0.01): the denser the gland, the higher the
compression thickness; moreover, the thickness also had
a moderate to strong correlation with AGD (r=0.596—
0.736, Table 2).

10.0

6.0

The average gland dose

4.0

1.ACR ¢, MLO-FFDM+CC-DBT
2.ACR ¢, CC-FFDM+ MLO-DBT
3.ACR d, MLO-FFDM+CC-DBT
4. ACRd, CC-FFDM+ MLO-DBT
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Different combinations of breast gland types and image collection methods

Figure | The relationship between the average gland dose and different combinations of breast gland types and image collection methods.
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Table 2 The Relationship Between the Breast Gland Types, Compression Thickness, and Average Gland Dose

ACR c (61 Cases) ACR d (20 Cases) T value | p value | Correlation Between Dose
Compression Thickness/mm Compression Thickness/mm and Thickness
FFDM-RCC 54.25+9.90 46+7.83 3.39 r =0.596
FFDM-LCC 54.95%10.47 45.35+7.68 3.76 r =0.669
FFDM-RMLO 58.39+9.58 47.90+8.48 4.37 r =0.659
FFDM-LMLO 57.92+9.61 48.55+8.42 3.90 <0.001 r=0.736
DBT-RCC 54.92+10.09 46.60+7.94 3.36 r=0.613
DBT-LCC 55.52+10.47 46+7.53 3.76 r =0.639
DBT-RMLO 58.89+9.55 48.75+8.49 423 r =0.647
DBT-LMLO 58.75+10.20 48.95+8.21 3.90 r=0717

The Detection of Masses of Less Than
1.0 cm by DBT and FFDM

Ultrasound screening revealed a total of 81 lesions with
a hypoechoic mass less than 1.0 c¢m (Table 3). FFDM
detected 25.93% masses (21/81), with 3.70% (3/81) of struc-
tural distortion, 1.23% (1/81) of asymmetric density, and
27.16% (22/81) of calcification; DBT detected 48.15% (39/
81) masses, with 1.23% (1/81) of structural distortion, 2.47%
(2/81) of asymmetry, and 28.4% (23/81) of calcification. The
MLO-FFDM+CC-DBT combination showed 41.98% (34/
81) masses, and CC-FFDM+ MLO-DBT showed 33.33%
(27/81) masses. There were only 12 cases found by CC-
DBT, and only 5 cases found by MLO-DBT, all of which
were lesions on the axillary tail or upper chest wall. Other
lesions were found by both CC and MLO. Among the mass
cases, 1 case was invasive ductal carcinoma (Figure 2A-F),
which was manifested spiculate mass. In the cases with
structural distortion, 2 cases were invasive ductal carcinoma,

and 1 case was breast disease. Among the cases with

calcification, 2 cases were ductal carcinoma in situ. All the
other cases were stable based on the follow-up. In terms of
mass display, DBT had an advantage over FFDM (p<0.05,
Table 4), and the CC-DBT combination showed a more
obvious advantage in mass display (Table 4). There was no
significant difference in the detection of additional calcifica-
tion, asymmetry, and structural distortions between different
collection methods (p>0.05).

Discussion

Currently, FFDM is the main method for breast cancer detec-
tion and diagnosis,>* but it can be affected by the overlap from
glands in dense breast, which can cover up the lesion. DBT is
an emerging mammography technology, which can display
lesions that FFDM cannot show, thus improving the detection
rate. Moreover, the edges and outlines of lesions are more
clearly displayed in DBT.>® However, the imaging process
of DBT includes a series of low-dose exposures, and each
exposure dose is 5% to 10% of conventional mammography.

Table 3 Different Manifestations of Breast Lesions in Ultrasound Images

Margin Orientation Calcification in Pathological and Follow-Up
a Mass Results
Clear Unclear Parallel Non-Parallel Benign Malignant
Lesions Lesions
Round mass 62.96% (51/81) 0% (0/81) 62.96% (51/81) 0% (0/81) 0% (0/81) 62.96% (51/81) 0% (0/81)

Oval mass 30.86% (25/81) | 2.47% (2/81) | 28.40% (23/81) | 4.94% (4/81) 3.70% (3/81) 29.63% (24/81) | 3.70% (3/81)
Irregular mass | 0% (0/81) | 3.70% (3/81) | 1.23% (1/81) | 1.23% (1/81) 1.23% (1/81) 1.23% (1/81) 2.47% (2/81)
Total 76 5 75 5 4 76 5
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Figure 2 Images of a 61 years-old female patient with grade Il invasive ductal carcinoma on the left breast. (A) CC-FFDM shows isometric irregular mass on the lateral side
of left breast central area (white arrow). (B) CC-DBT shows spiculate mass (white arrow). (C) MLO-FFDM shows irregular mass on upper left breast with unclear border
(white arrow). (D) MLO-DBT shows mass with spiculated margins (white arrow). (E) Ultrasound shows lobulated hypoechoic mass on the left breast (black arrow), located
in the 2 o’clock direction. (F) 100XHE staining shows cancer cells growing in a nested invasion pattern with abnormal cell shape.

Thus, DBT will increase the patient’s radiation dose, and the
detection of small lesions needs to balance the display rate and
the average gland dose.

The Influence of Dense Breast Gland
Composition and Compression Thickness
on the Average Gland Dose (AGD)

Mammary glands are sensitive to X-rays. AGD is the average
absorbed dose of breast tissue in mammography and is the
main indicator for evaluating breast radiation dose. Our results
showed that, regardless of DBT or FFDM, the dense breast

composition type was not related to AGD (p>0.05), but was
related to the thickness of compression (p<<0.01); moreover,
the compression thickness was moderately to strongly corre-
lated with AGD (r=0.596-0.736). This result was consistent
with the study by Yang et al,” in which AGD was shown to be
positively correlated with breast density and compression
thickness, and compression thickness had a larger effect on
AGDpgr. Therefore, it is necessary to reduce the compression
thickness based on patient’s maximum compression tolerance
to reduce the average absorbed dose.

In addition, it is widely accepted that the dose of
single-view DBT is equivalent to that of the two-view
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Table 4 Different Manifestations of Breast Lesions in FFDM and DBT Images

Two-Views FFDM | Two-Views DBT | MLO-FFDM+CC-DBT | CC-FFDM+ MLO-DBT | p value
Mass 25.93%(21/81) 48.15%(39/81) 41.98%(34/81) 33.33%(27/81) 0.02<0.05
Calcification 27.16%(22/81) 28.40%(23/81) 28.40%(23/81) 28.40%(23/81) >0.05
Structural Distortion | 3.70%(3/81) 1.23%(1/81) 3.70%(3/81) 3.70%(3/81) >0.05
Asymmetry 1.23%(1/81) 2.47%(2/81) 2.47%(2/81) 2.47%(2/81) >0.05

FFDM. Each additional view in FFDM or DBT will
increase a portion of radiation dose. Svahn et al' studied
the AGD of FFDM and DBT to calculate the relative dose
rate. The results showed that synthetic 2D images can
reduce the radiation dose by about 45% and can replace
FFDM, but most DBTs currently do not have the function
of synthesizing 2D images. Considering that the two-view
FFDM-+two-view DBT is the combination with the highest
radiation dose, it was not considered as a dose optimiza-
tion combination in this study. Therefore, the AGD of the
following six collection methods was pairwise compared:
two-view FFDM, CC-DBT, MLO-DBT, MLO-FFDM
+CC-DBT, CC- FFDM+MLO-DBT and CC-DBT+MLO-
DBT. We found that the AGD between two-view-FFDM
and single view DBT, CC-DBT and MLO-DBT, MLO-
FFDM+CC-DBT and CC-FFDM + MLO-DBT were simi-
lar (p>0.05), indicating that any collection method within
these three combinations can be used interchangeably.
Moreover, the AGD of single view DBT was equal to or
lower than that of two-view FFDM, which was consistent
with the study from Asbeutah et al,'® but the lesion display
efficiency of single view DBT was lower. On the other
hand, MLO-FFDM+CC-DBT and CC-FFDM+MLO-DBT
could provide rich image information for dense breasts,
and the relative dose rates of the two combinations did not
exceed 1.52 times of two-view FFDM; moreover, their
radiation dose can be further reduced by reducing the
compression thickness.

The Relationships Between Different
Image Acquisition Methods and Dense
Breast Types, Average Gland Dose, and
Lesion Display

The combination of MLO-FFDM+CC-DBT or CC-FFDM
+MLO-DBT is two-view acquisition, which can provide

more image information. Particularly, for lesions at axil-
lary tail, due to its rich local fat, FFDM can better display

the lesions. The 81 patients enrolled in the study all had
dense breasts. Distribution of differences is shown as box-
plot (Figure 1). There was no significant difference in
AGD between ACR-¢c with MLO-FFDM+CC-DBT,
ACR-c¢ with CC-FFDM+ MLO-DBT, ACR-d with MLO-
FFDM+CC-DBT, and ACR-d with CC-FFDM+ MLO-
DBT (F=0.848, p>0.05), indicating that the dense gland
type had no effect on the average gland dose. However, the
18th patient appeared atypical as the patient had a large
and dense breast, the compression thickness was up to
and the

Attention is needed for such patients to avoid higher radia-

75mm, dose was significantly increased.
tion dose.

In terms of mass display, DBT was better than
FFDM (p<0.05), and their mass display rates were
48.15% for DBT and 25.93% for FFDM. Moreover,
single-view DBT (MLO-FFDM+CC-DBT, CC-FFDM+
MLO-DBT) was superior to two-view FFDM, and the
mass display rates of MLO-FFDM+CC-DBT and CC-
FFDM+ MLO-DBT were 41.98% (34/81) and 33.33%
(27/81), respectively. The results also showed that CC-
DBT had better mass display rate than MLO-DBT in
breast except the axillary tail part which was consistent
with the study by Katrina et al.'' The reason might be
that the CC view can better compress the breast par-
enchyma, resulting in a reduction in tissue overlay and
an increase in the mass display rate; while in MLO
view, the pressure is usually the largest on the pector-
alis major, instead of breast tissue. There was no sig-
difference in the

nificant display of additional

calcification, asymmetry and structural distortion
(p>0.05). Therefore, the two combinations of MLO-
FFDM+CC-DBT and CC-FFDM+MLO-DBT can be
freely switched according to the lesion location. They
can be used as routine screening methods, which can
better balance the radiation dose and the improved

lesion display rate.

submit your manuscript

1152

Dove

International Journal of General Medicine 2021:14


http://www.dovepress.com
http://www.dovepress.com

Dove

Sheng et al

Limitations

This study only performed FFDM and DBT in opportunistic
screening on patients with lesions of less than 1.0 cm as
detected by ultrasound, so there might be selection bias.
Moreover, the sample numbers are small, especially for non-
mass lesions; there is a lack of detail around the imaging
features, and most of the lesions had not been confirmed by
pathology. The stability of lesions was determined only by
3-year follow-up, and there was no classification of benign or
malignant lesions. Only the lesion display and the relation-
ships between average gland dose and different imaging com-
binations were studied. In future studies, the role of DBT in the
display of small lesions will be further investigated.

Conclusions

In summary, in the opportunistic screening of patients with
breast masses of less than 1.0 cm that are easily detected by
ultrasound, the combination of MLO-FFDM+CC-DBT or
CC-FFDM+MLO-DBT can better balance the individual
average gland dose and accurate detection. According to the
clock position of the lesion, the appropriate collection method
should be selected for the accurate display of the lesion.
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DBT, digital breast tomosynthesis; AGD, average gland
dose; FFDM, full-field digital mammography; CC, cranio-
caudal; MLO, medio-lateral-oblique; BI-RADS, breast
imaging report and data system; AGD, average gland
dose; ANOVA, analysis of variance.
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