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INTRODUCTION

  Subareolar area is defined as circular region surrounding 

nipple in 2cm diameter, and major ductal systems are super-

imposed in this area. The mature adult female breast is com-

posed of 15 to 25 grossly defined lobes corresponding to 

parenchyma associated with each of the major ducts that 

terminate in the nipple with radial arrangement.(1) The major 

ducts are subdivided into collecting ducts, lactiferous sinuses, 

segmental ducts, and subsegmental ducts. Subareolar area is 

forbidden area of management because this area is superim-

posed of ductal and dense fibrous tissue, and difficult to de-

tect and analyze the lesion in radiological and clinical aspects.

  Breast ultrasonography can improve the accuracy of 

clinically and mammographically detected abnormalities. The 
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Purpose: The subareolar area is often difficult to evaluate 
ultrasonographically due to tissue shadowing, which ob-
scures visualization of ducts and parenchymal tissue. The 
purpose of this study is to determine if real-time compound 
imaging improves evaluation of normal subareolar tissue and 
solid nodules in subareolar area compared to conventional 
ultrasonography.
Methods: 190 images of the subareolar area were obtained 
from 135 patients from March 2001 to July 2002. Thirty-three 
of 190 images showed solid nodules, extraductal nodules in 
30 and intraductal nodules in three. We scanned both 
conventional and compound imaging with a stationary probe, 
to maintain an identical projection and tissue pressure. We 
used two compound techniques; survey mode (S) is made 
by 3 coplanar images and target mode (T) by 9 coplanar 
images. The evaluating points were 1) reduction in the 
density of shadowing, 2) resolution of duct wall, 3) resolution 
of duct lumen, 4) margin of nodule, and 5) internal echoes 
of nodule. In a blinded fashion, three radiologists graded the 
quality of images on a 5-point scale.
Results: For reviewer 1/2/3, S showed grade improvements 
in 1) reduction in the density of shadowing (0.4±0.6/1.1±
0.6/0.5±0.5), 2) resolution of duct wall (0.9±0.2/1.5±
0.6/1.0±0.5), 3) resolution of duct lumen (0.9±0.2/1.6±
0.6/0.7±0.6), 4) margin of nodule (1.0±0.3/1.5±0.5/1.2±
0.5), and 5) internal echoes of nodule (1.1±0.3/1.5±0.5/1.2
±0.4) and T showed grade improvements in 1) reduction 
in the density of shadowing (0.4±0.6/1.2±0.6/0.7±0.7), 2) 
resolution of duct wall (1.0±0.3/1.5±0.6/1.1±0.5), 3) 
resolution of duct lumen (0.9±0.3/1.6±0.6/0.8±0.6), 4)

Correspondence: Bo Kyoung Seo, Department of Diagnostic Radio-

logy, Konkuk University Hospital, #1 Hwayang-dong, Gwangjin- 

gu, Seoul 143-914, Korea. Tel: 82-2-450-9654, Fax: 82-2- 

447-8726, E-mail: ssbk@dreamwiz.com

Received: January 14, 2003  Accepted: March 7, 2003

margin of nodule (1.0±0.3/1.5±0.6/1.2±0.5), and 5) inter-
nal echoes of nodule (1.1±0.3/1.5±0.6/1.3±0.4). In all 
evaluating points, two modes of real-time compound imaging 
were superior to conventional imaging (P＜0.05). There was 
no significant difference between two modesof compound 
imaging.
Conclusion: Real-time compound imaging improves evalu-
ation of normal subareolar tissue and subareolar solid nod-
ules compared to conventional ultrasonography by reducing 
shadowing and increasing anatomic resolution of ducts. 
(Journal of Korean Breast Cancer Society 2003;6:15-19)
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subareolar area is often difficult to evaluate ultrasonogra-

phically due to tissue shadowing, which obscures visualiza-

tion of ducts and parenchymal tissue. Real-time compound 

imaging (RTCI) is the newer ultrasonographic technique and 

some recent articles have demonstrated the usefulness of 

RTCI for evaluation of solid breast nodules and breast can-

cers compared to conventional imaging (CI).(2,3) RTCI 

obtains multiple coplanar images and combines them into a 

single image in real time. Thus, RTCI improves artifacts by 

using multiple coplanar images.

  The purpose of this study is to determine if RTCI impro-

ves evaluation of normal subareolar tissue and solid nodules 

in subareolar area compared to CI.

MATERIALS AND METHODS

  From March 2001 to July 2002, 135 consecutive patients 

were included in this study. The patient's age ranged 26 to 

63 years (mean, 45 years). For prospective study of sub-

areolar area, 190 images scanned both RTCI and CI tech-

niques were used. An HDI 5000 SonoCT (Advanced Tech-

nology Laboratories, Bothell, Wash., USA) was used, to-

gether with a broad-bandwidth 12-5 MHz, linear scanhead. 

Breast nodules were scanned by CI first, then by RTCI in the 

same plane and with the same parameters including mag-

nification, depth, focus, and tissue compression. In each 

mode, gray-scale gain was adjusted for. Our US equipment 

can operate in two RTCI modes: survey and target. The 

former produces three coplanar images, and the latter, nine. 

In this study, both survey and target modes were used, and 

scanning was performed by a breast radiologist (B.K.S.). The 

images of subareolar area, which were obtained with two 

modes of RTCI and CI, were blindly assessed by three 

radiologists (J.Y.L., B.K.J., and E.J.C.). The evaluating points 

of subareolar area were 1) reduction in the density of sha-

dowing, 2) resolution of duct wall, and 3) resolution of duct 

lumen.

  Twenty-two in 135 patients showed solid nodules in su-

bareolar area on ultrasonography. These patients had thirty- 

three nodules, which were extraductal nodules in 30 and 

intraductal nodules in three. Tissue sampling was performed 

with either core-needle biopsy (n=10), or fine-needle aspira-

tion biopsy (n=5). In seven cases in which results of the 

core-needle or fine-needle biopsy were either positive for 

malignancy or not definite, surgical excision was performed, 

as is our usual protocol. A needle biopsy result was con-

sidered not definite if the imaging and histopathologic find-

ings were discordant or if needle biopsy results indicated 

insufficient sampling. Pathologic examination revealed that 

among the 15, six were fibrocystic change, four abscess, two 

invasive breast cancer, one ductal carcinoma in situ, one 

atypical ductal hyperplasia, and one fibroadenoma. In the 

remaining 18 nodules, follow up ultrasonography was per-

formed at a mean interval of 8.2 months, revealed no interval 

change, and on the basis of their imaging features we con-

sidered these nodules benign. The nodules ranged in size 

from 5 to 33 (mean, 12.1) mm. Three radiologists blindly 

evaluated the solid nodules in terms of clarity of margins and 

internal echoes.

  In a blinded fashion, three radiologists graded the quality 

of images of subareolar area and resolution of solid nodules 

in subareolar area, which were obtained with survey and 

target modes of RTCI and CI, on a 5-point scale. The agree-

ment of image interpretation by three radiologists was 

assessed by kappa coefficients (SAS/STAT software version 

6.12; SAS Institute, Cary, NC).

Table 1. Kappa coefficients of three observers in terms of image quality and resolution of solid nodules in subareolar area
ꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚ

Kappa coefficients
   Parameters                                 ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ

CI Survey mode of RTCI Target mode of RTCI
ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ

Reduction in the density of shadowing 0.82 0.72 0.74

Resolution of duct wall 0.77 0.83 0.85

Resolution of duct lumen 0.88 0.79 0.77

Clarity of margins of nodules 0.79 0.86 0.88

Clarity of internal echoes of nodules 0.81 0.92 0.90
ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ
RTCI = real-time compound imaging; CI = conventional imaging.
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RESULTS

  The kappa coefficients of three observers in terms of image 

quality of subareolar area and resolution of solid nodules in 

subareolar area ranged from 0.72 to 0.92, thus, the agreement 

of image interpretation was moderate to excellent.

   In terms of image quality of subareolar area, grade im-

provements of survey and target modes of RTCI of three 

reviewers that; for reviewer 1/2/3, survey mode showed grade 

improvements in 1) reduction in the density of shadowing 

(0.4±0.6/1.1±0.6/0.5±0.5), 2) resolution of duct wall (0.9

±0.2/1.5±0.6/1.0±0.5), and 3) resolution of duct lumen 

(0.9±0.2/1.6±0.6/0.7±0.6), and target mode showed grade 

improvements in 1) reduction in the density of shadowing 

(0.4±0.6/1.2±0.6/0.7±0.7), 2) resolution of duct wall (1.0±

0.3/1.5±0.6/ 1.1±0.5), and 3) resolution of duct lumen (0.9

±0.3/ 1.6±0.6/0.8±0.6). Thus, two modes of RTCI were 

superior to CI for evaluation of subareolar area (P＜0.05) 

(Fig. 1).

  In terms of resolution of solid nodules in subareolar area, 

grade improvements of survey and target modes of RTCI were 

that; for reviewer 1/2/3, survey mode showed grade improve-

ments in 1) margin of nodule (1.0±0.3/1.5±0.5/1.2±0.5) 

and 2) internal echoes of nodule (1.1±0.3/1.5±0.5/1.2±0.4), 

and T showed grade improvements in 1) margin of nodule 

(1.0±0.3/1.5±0.6/1.2±0.5) and 2) internal echoes of nodule 

(1.1±0.3/1.5±0.6/1.3±0.4). Therefore, two modes of com-

pound imaging were better than conventional imaging for eval-

uation of solid nodules in subareolar area (P＜0.05) (Fig. 2-4).

  As compared survey with target modes of RTCI, there was 

no significant difference between two modes in terms of 

image quality of subareolar area and resolution of solid 

nodules in subareolar area (P＞0.05).

DISCUSSION

  There are histological differences between subareolar and 

peripheral areas in breast. Subareolar area has superimposition 

of large major ducts and dense fibrous tissue. Therefore, it's 

some difficulty to detect and characterize the lesion with 

clinical breast examination and mammography owing to the 

histological nature of subareolar area. Additionally, conven-

tional ultrasonography has limitation to evaluate subareolar 

area because of extensive posterior shadowing caused by 

abundant fibrous tissue and multiple beam reflections by 

many major ductal walls. RTCI has a benefit to reduce 

unnecessary tissue shadowing occurred by Cooper's ligament 

and fibrous tissue in breast. 

  The application of compounding principles to RTCI is not 

new,(4,5) but the practical implementation of this technology 

has only recently been made possible by the substantial 

computational power of modern, all-digital ultrasound sys-

tems. RTCI starts by acquiring multiple frames from different 

viewing angles. The overlapping frames are then combined to 

form an RTCI on the display. Compound images can be 

obtained using a conventional imager, with two modifications. 

First, the ultrasound beams are steered ‘off-axis' from the 90
o 

beams used in CI. Second, the image processor must be 

programmed to accurately render the steered frames into the 

appropriate display geometry, and then combine them through 

frame averaging. This, however, introduces a persistence 

effect, with the potential for image blurring if the transducer 

or the many coplanar images. Our US equipment can operate 

in two RTCI modes: survey and target. The former produces 

three coplanar images, and the latter, nine. As the number of 

Fig. 1. Conventional ultrasonogra-

phy (A) shows extensive 

tissue shadowing in sub-

areolar area. The density 

of shadowing (arrows) is 

more decreased on survey 

(B) and target (C) modes 

of RTCI. Thus, resolution 

of duct wall and lumen is 

improved on both modes 

of RTCI (B and C).
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coplanar images are increased, the frame rate is decreased, 

thus, the image blurring can be occurred in target mode by 

respiration, a probe, or a movable lesion. In this study, both 

survey and target modes were used and there was no 

statistically significant difference between two modes of 

RTCI. So, the survey mode that uses three coplanar images is 

enough to use for routine breast examination. 

  In terms of posterior shadowing, multiple different steered 

angles are used in RTCI, and posterior echoes are con-

centrated in a triangular region. Thus, posterior echoes are 

preserved in the central portion and reduced in the peripheral 

portion, and overall posterior echoes are less frequent than in 

Fig. 4. 28-year-old female with br-

east abscess Ultrasono-

grams show an ill-defined 

oval shaped hypoechoic 

nodule (arrows) in sub-

areolar area. Survey (B) 

and target (B) modes of 

RTCI are superior to CI 

(A) in terms of clarity of 

the margin and internal 

echoes of nodule.
A B C

Fig. 3. 33-year-old female with du-

ctal carcinoma in situ. Ult-

rasonograms show a cir-

cumscribed oval shaped 

isoechoic intraductal nod-

ule (arrows) in subareolar 

area. Survey (B) and target 

(B) modes of RTCI are 

superior to CI (A) for eval-

uation of the margin and 

initernal echoes of nodule.
A B C

Fig. 2. 39-year-old female with in-

traductal papilloma. Ultra-

sonograms show a circum-

scribed round shaped isoe-

choic nodule (arrows) in 

subareolar area. In terms 

of clarity of margin and 

internal echoes of nodule, 

survey (B) and target (C) 

modes of RTCI are super-

ior to conventional ultraso-

nography (A).



Bo Kyoung Seo, et al：A Comparison Study of Ultrasonography in Subareolar Area  19
ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ

CI. In this study, RTCI effectively reduced the density of 

shadowing of subareolar area and this result was agreed with 

the theoretical aspect of RTCI. Reduction of tissue shadowing 

in subareolar area significantly improved resolution of duct 

wall and lumen in all three reviewers. Additionally, RTCI 

was improving the characterization of the solid nodules in 

subareolar area in this study. We evaluated the margins and 

internal echoes of the solid nodules and these parameters are 

important to differentiate benign from malignant solid 

nodules. The usefulness of evaluation of margins and internal 

echoes has been reported in many studies.(6-11) 

  By a study of Winchester et al,(12) 37% of the breast 

cancers were located in the upper outer quadrant of the 

breast, and centrally located tumors (nipple and central loca-

tions combined) were 8% in patients with invasive lobular 

carcinoma, 7% in those with invasive ductal carcinoma, and 

8% in combination tumors. The cancers located in subareolar 

area are commonly impossible to be performed conservation 

therapy even though early stage and then mastectomy was 

undergone due to vulnerability of invasion to other lactiferous 

ducts. In this study, three cases with breast cancer demon-

strated better assessment in RTCI than CI. One case with 

ductal cardinoma in situ and one case with atypical ductal 

hyperplasia demonstrated intraductal nodule on ultrasono-

graphy. In these cases, the lesions were significantly clearly 

defined on RTCI. Especially, intraductal papilloma is com-

monly occurred in subareolar area and this tumor is necessary 

to remove completely due to recurrence and cancerous 

change. RTCI is superior to evaluate ductal lumen and walls, 

thus, this might be useful to detect intraductal tumors.

  In conclusion, RTCI improves evaluation of normal sub-

areolar tissue and subareolar nodules compared to conven-

tional ultrasonography by reducing shadowing and increasing 

anatomic resolution of ducts.

REFERENCES

 1) Rosen. Anatomy and physiologic morphology: Rosen's breast 

pathology, 2nd ed. Philadelphia: Lippincott Williams & Wil-

kins, 2001:4-5.

 2) Seo BK, Oh YW, Kim HR, Kim HW, Kang CH, Lee NJ, et 

al. Sonographic evaluation of breast nodules: comparison of 

conventional, real-time compound, and pulse-inversion har-

monic images. Korean J Radiol 2002;3:38-44.

 3) Seo BK, Oh YW, Cho KR, Lee YH, Noh HJ, Lee JY, et al. 

Does real-time compound imaging improve evaluation of 

breast cancer compared to conventional sonography? J Korean 

Breast Cancer Soc 2002;5:102-7.

 4) Carpenter DA, Dadd MJ, Kossoff FG. A multi-mode real-time 

scanner. Ultrasound Med Biol 1980;6:279-84.

 5) Berson M, Roncin A, Pourcelot L. Compound scanning with 

an electrically steered beam. Ultrasonic Imaging 1981;3:303-8.

 6) Stavros AT, Thickman D, Rapp CL, Dennis MA, Parker SH, 

Sisney GA. Solid breast nodules: use of sonography to dis-

tinguish between benign and malignant lesions. Radiology 

1995;196:123-34.

 7) Rahbar G, Sie AC, Hansen GC, Prince JS, Melany ML, Rey-

noid HE, et al. Benign versus malignant solid breast masses: 

US differentiation. Radiology 1999;213:889-94.

 8) Fornage BD, Lorigan JG, Andry E. Fibroadenoma of the brea-

st: US appearance. Radiology 1989;172:671-5.

 9) Cole-Beuglet C, Soriano RZ, Kurtz AB, Goldberg BB. Ultra-

sound analysis of 104 primary breast carcinomas classified 

according to histopathologic type. Radiology 1983;147:191-6.

10) Harper PA, Kelly-Fry E, Noe JS, Bies RJ, Jackson VP. Ultra-

sound in the evaluation of solid breast masses. Radiology 

1983;146:731-6.

11) Heywang SH, Lipsit ER, Glassman LM, Thomas MA. Spe-

cificity of ultrasonography in the diagnosis of benign breast 

masses. J Ultrasound Med 1984;3:453-61.

12) Winchester DJ, Chang HR, Graves TA, Menck HR, Bland KI, 

Winchester DP. A comparative analysis of lobular and ductal 

carcinoma of the breast: presentation, treatment, and outcomes. 

J Am Coll Surg 1998;186:416-422.


