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Table 1. Frequency of BI-RADS Mammographic Categories Reported at First or Second Reading by 7 Radiologists

Radiologist A B C D E F G Average (%)
First Reading

D1 65 37 57 45 57 47 67 53.6 (5.9)
D2 362 254 298 206 138 281 249 255.4 (27.9)
D3 262 493 461 380 611 457 400 437.7 (47.8)
D4 226 131 99 284 107 129 199 167.9 (18.3)
D3-4 488 624 560 664 718 586 599 605.6 (66.2)
Second Reading

D1 58 37 60 43 41 53 76 52.6 (5.7)
D2 462 256 293 200 130 279 248 266.9 (29.2)
D3 237 488 498 387 623 445 437 445.0 (48.6)
D4 158 134 63 285 120 137 152 149.9 (16.4)
D3-4 395 622 561 672 743 582 589 594.9 (65.0)

D1 < 25% glandular; D2 25-50% glandular; D3 50-75% glandular; D4 > 75% glandular

Table 2. Intraobserver Consistency (First vs. Second Reading within Each Reader) in Reporting BI-RADS Mammographic Density
Categories

Radiologist A B Cc D E F G Average

Absolute Agreement 78.90 99.45 86.21 73.45 87.73 95.18 84.99 86.56
(D1/D2/D3/D4, %)

Absolute Agreement 88.96 99.78 91.57 87.97 94.64 97.37 93.64 93.42
(D1-D2 vs. D3-D4, %)

Kappa Value 0.78 0.99 0.82 0.69 0.80 0.94 0.84 0.84
(D1/D2/D3/D4) (0.75-0.81) (0.99-1.00) (0.79-0.85) (0.66-0.73) (0.77-0.84) (0.92-0.96) (0.81-0.86)

Kappa Value 0.78 1.00 0.82 0.70 0.83 0.94 0.86 0.85

(D1-D2vs.D3-D4)  (0.74-0.82) (0.99-1.00) (0.78-0.86) (0.64-0.75) (0.79-0.88) (0.92-0.97) (0.83-0.90)

95% confidence limits are reported in brackets
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Table 3. Kappa Statistics of Agreement between BI-RADS Mammographic Density Categories and Volpara Mammographic Density

Categories
Reader D1 D2 D3 D4 Kappavs Majority ~ Kappa vs Majority  Kappavs Volpara  Kappa vs Volpara
(%) (%) (%) (%) (D1/D2/D3/D4) (D1-2/D3-4) (D1/D2/D3/D4) (D1-2/D3-4)
A 65 362 262 226 0.750 0.718 0.549 0.457
(7.1) (39.6) (28.6) (24.7) (0.719-0.781) (0.674-0.762) (0.513-0.586) (0.407-0.508)
B 37 254 493 131 0.850 0.890 0.561 0.656
(4.0 (27.8) (53.9) (14.3) (0.824-0.877) (0.859-0.922) (0.523-0.599) (0.603-0.710)
C 57 298 461 99 0.803 0.811 0.441 0.507
6.2) (32.6) (50.4) (10.8) (0.772-0.833) (0.772-0.850) (0.402-0.480) (0.452-0.563)
D 45 206 380 284 0.668 0.737 0.538 0.528
(4.9) (22.5) (41.5) (31.0) (0.632-0.704) (0.690-0.784) (0.497-0.579) (0.465-0.592)
E 57 138 611 107 0.751 0.704 0.475 0.566
(6.2) (15.1) (66.9) (11.7) (0.715-0.787) (0.654-0.754) (0.432-0.518) (0.501-0.632)
F 47 281 457 129 0.862 0.886 0.485 0.537
(5.1) (30.7) (50.0) (14.2) (0.837-0.888) (0.855-0.918) (0.445-0.524) (0.480-0.594)
G 67 249 400 199 0.867 0.905 0.599 0.592
(7.3) (27.2) 43.7) (21.8) (0.842-0.891) (0.876-0.934) (0.563-0.635) (0.537-0.648)
Majority 57 247 462 149 Ref. Ref. 0.554 0.598
6.2) (27.0) (50.5) (16.3) (0.515-0.592) (0.542-0.654)
Volpara 45 155 386 329 Ref. Ref.
(4.9) (16.9) (42.2) (36.0)

Row percentages and 95% confidence limits are reported in brackets
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Mammographic density assessment: Comparison of Volpara™
Software and Visual BI-RADS Classification

Ji Soo Choi, MD?, Chan Wha Lee, MD*, Hee Jung Seo, MD?, Min Ju Kim, MD?, Ju Hee Lee, MD?,
Chang Yoon Lee, MD*, Jungnam Joo, MD?, Kyoung Lan Ko, MD*

'Department of Radiology, National Cancer Center
2Biometric Research Branch, National Cancer Center

Purpose: To evaluate the reproducibility of Breast Imaging Reporting and Data System (BI-RADS) classifica-
tion by radiologists and to compare Volpara estimation with BI-RADS classification in mammographic
density assessment.

Materials and Methods: From September to November 2011, 913 patients in whom mammography was per-
formed at a referral center and mammographic density was graded by Volpara software were included in
this study. Mammographic density was assessed by seven radiologists according to BI-RADS. Majority re-
port of radiologists was used as standard reference to compare BI-RADS to Volpara classification for
mammographic density assessment. Agreement between the two methods and the reference standard was
assessed using kappa test according to four categories (D1/2/3/4) and two categories (D1-2/D3-4).

Results: Intraobserver (k range 0.69-1.00) agreement of the seven radiologists was substantial or almost per-
fect, and interobserver (k range 0.55-0.77) agreement of the radiologists was moderate or substantial. The
agreement with the reference standard was substantial or almost perfect for BI-RADS classifications made
by radiologists (D1/2/3/4: k range 0.75-0.86, D1-2/D3-4: k range 0.70-0.90), and was moderate for
Volpara classification (D1/2/3/4: k = 0.55, D1-2/D3-4: k = 0.59).

Conclusion: Mammographic density classification by radiologists according to BI-RADS was highly repro-
ducible. The agreement between BI-RADS and Volpara classifications was moderate in mammographic
density estimation.

Index words: Mammographic breast density; Volpara; Breast Imaging Reporting and Data System
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