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Abstract
Introduction: Appropriate categorization is very important because the clinical management of each subtype of cystic breast lesions (CBLs) differs. The
purpose was to evaluate the sonographic subtype-pathologic correlation,
and to identify the effectiveness of the Breast Imaging Reporting and Data
System (BI-RADS)-ultrasound (US) for differentiation of benign and malignant CBLs.
Material and methods: A database from December 1, 2007 and November
30, 2009 was identified in the Department of Diagnostic Ultrasound, Rui Jin
Hospital, School of Medicine, Shanghai Jiao Tong University, China. Those
patients with palpable or clinical symptomatic breast masses were associated with a cystic component in lesions on breast US. All patients underwent
a subsequent fine-needle/core-needle biopsy or surgical excision. The sonographic findings were analyzed according to the BI-RADS-US, and were
categorized by two different methods of subtype categorization compared
with the pathologic results.
Results: Ninety-nine breast cystic lesions in 83 women were included, among
whom 16 patients were identified with bilateral cystic lesions. The total
malignancy rate of CBLs was 14.1% (95% confidence interval 7.3–21.0%).
Among 99 CBLs, 14 malignant lesions were associated with sonographic appearances of complex cystic lesions, while the remaining subtypes were benign. Shape, margin, echo pattern, orientation, calcification, and vascularity
were statistically significantly different between the benign and malignant
lesions (p = 0.010, p = 0.004, p < 0.001, p < 0.001, p = 0.036, and p < 0.001,
respectively) (degrees of freedom = 1).
Conclusions: By comparison of the two different methods of subtype categorization of CBLs, the appropriate 5-variety classification should be suggested. The BI-RADS-US was useful for differentiating benign from malignant cystic lesions.
Key words: breast, ultrasonography, subtype, pathology, Breast Imaging
Reporting and Data System.

Introduction
Ultrasonography (US) has become an accepted modality advocated by
many as a supplemental method of breast imaging, especially for differ-
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entiating cysts from solid masses [1–3], particularly in women with dense breasts [4–6].
In recent years, the first edition of the Breast
Imaging Reporting and Data System (BI-RADS)
for US (BI-RADS-US) has been developed by the
American College of Radiology (ACR) to improve
consistent feature analysis, interpretation, and reporting [7]. Previous studies indicated that the BIRADS lexicon was useful for differentiating benign
from malignant solid masses [8, 9]. Gokalp et al.
[9] reported that the sensitivity, specificity, positive predictive value (PPV) and negative predictive
value (NPV) of BI-RADS-US and power Doppler US
in the diagnosis of malignant solid lesions were
100%, 58.2%, 62.9%, 100% and 71.8%, 81.8%,
73.7%, 80.4%, respectively.
Cystic breast lesions (CBLs) comprise a wide
spectrum of variable disease entities including
benign and malignant breast diseases [10, 11].
In 2003 the ACR established the BI-RADS-US in
different varieties of CBLs, including simple cyst,
cluster cyst, complicated cyst, and complex cyst
[7]. Given that patients with CBLs may have varied
sonographic manifestation, classification of CBLs
merits discussion. Appropriate categorization of
CBLs is very important for general radiologists
because the clinical practice in the management
of each subtype differs. Several studies have assessed the classification of CBLs [10, 12–15]. The
3-variety classification represented a more simple
method and concentrates on 3 frequently encountered categories (simple, complicated and complex cysts) [12, 13]. However, in accordance with
Chang et al. [16], the CBLs were classified into
6 varieties as follows: simple cysts, clustered cysts,
cysts with thin septa, complicated cysts, cystic lesions with a thick wall/septa or nodules, and complex solid and cystic masses.
To our knowledge, there is little in the literature
comparing the two different methods of subtype
categorization of CBLs, and describing the US features and final assessments using the BI-RADS
lexicon. The CBLs with US appearance offer useful
examples of lesions appropriate for the BI-RADS
category and may increase the consistency and
reproducibility of US imaging of these lesions.
The purpose of this study was to evaluate the
sonographic subtype-pathologic correlation of
CBLs, and to identify the effectiveness of the
BI-RADS-US for differentiation of benign and malignant cystic lesions to provide an appropriate
categorization of CBLs for assessment and management recommendations.

Material and methods
A database from December 1, 2007 and November 30, 2009 was identified in the Department of
Diagnostic Ultrasound, Rui Jin Hospital, School of

Medicine, Shanghai Jiao Tong University, China.
Our database is password protected. Recording
and reviewing the results of these examinations
and the results of subsequent imaging, clinical,
and pathologic follow-up was approved by our local
ethics committee. Patients with palpable or clinical
symptomatic breast masses with US cystic component(s) that had fine-needle/core-needle biopsy
or surgical excision were included in the study. Patients without a cystic component at breast US, or
not undergoing biopsy, were excluded.
US-guided fine-needle aspiration alone was
performed in 64 lesions from which fluid was with
drawn by using an 18- or 20-gauge needle and
sent for cytologic examination. US-guided core
needle biopsy was performed in 35 lesions with
a 14-gauge automated biopsy gun (Monopty;
Bard, Covington, Ga), and excision surgery was
performed in 30 lesions. The pathological examiner was blinded to the results of clinical findings
and/or US findings.
Bilateral whole-breast conventional breast sonography was performed using a Logiq 9 scanner
(GE Medical Systems, Milwaukee, Wis) equipped
with a L14-9 MHz transducer, and a Mylab 90 (Esaote, Genoa, Italy) ultrasound machine equipped
with a L13-4 MHz transducer. Images were acquired in both radial and transverse planes. Additional gray-scale images were obtained in some
cases to better show the lesion. All the sonographers have received extensive training and clinical
experience in breast US and in the first edition of
the BI-RADS-US, and the examiner knew the results of the clinical examination, without knowing
the pathologic results. In patients with multiple
lesions, assessment of category and management
were based on the highest-category lesion. Moreover, if a patient had more than one lesion in the
same category, we evaluated the largest/most
dominant lesion.
The sonographic findings were analyzed by
one radiologist with 5 years of experience in performing and interpreting breast US from a picture
archiving and communications system (PACS) according to the BI-RADS-US [7], without knowledge
of physical examination findings or pathological
results. The cystic lesions of the breast were (categorized by two different methods [12, 13, 16],
into 3 varieties) as follows: type 1 (‘simple cyst’)
was selected if the shape of the lesion was round,
oval or gently lobulated, the margin was circumscribed, the echogenicity (echo pattern) was an
echoic and there was acoustic enhancement; type 2
(‘complicated cyst’) was defined as cysts with
homogeneous low-level internal echoes throughout a cystic lesion that had all the other features
of a simple cyst [7], including cystic lesions containing fluid-debris levels or floating echogenic
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debris; type 3 (‘complex cyst’) as cysts with thick
walls, thick septa, intracystic masses, or other discrete solid components; and 6 varieties (types I–
VI) as follows: type I (‘simple cyst’) was defined
as mentioned above; type II (‘clustered cysts’) indicated clustered anechoic cysts with no discrete
solid components; type III (‘cysts with thin septa’)
was defined as cysts within septa of less than
0.5 mm in thickness; type IV (‘complicated cyst’)
was defined as mentioned above; type V (‘cystic
lesions with a thick wall/septa or nodules’) as cystic masses with thick septa (≥ 0.5 mm) or a thick
wall (≥ 0.5 mm ) or mixed cystic and solid masses with at least a 50% cystic component; type VI
(‘complex solid and cystic masses’) was considered
as primarily solid masses with eccentric cystic foci.

Statistical analysis
The SPSS version 16.0 statistical package for
Windows (SPSS Inc, Chicago, IL) was used for
statistical analysis. The lesion was characterized
using BI-RADS ultrasound descriptors of mass
margin (circumscribed, or not circumscribed (indistinct, microlobulated, angular or speculated)),
shape (regular (oval or round) or irregular), orientation (parallel or not parallel to the skin), matrix
echogenicity (complex or not complex (anechoic,
hypoechoic, isoechoic, or hyperechoic)), posterior acoustic feature (absent or present (enhancement, shadowing or combined pattern)), calcification (present or absent), and vascularity (present
or absent) [7]. The t test was applied to determine
whether the patients’ age and the maximum di-

ameter of the tumor were different in the benign
and malignant groups. Fisher’s exact test was performed to determine whether the lesion descriptors were different in the benign and malignant
groups. For these tests, a p value less than 0.05
was considered statistically significant. The diagnostic indices including odds ratio (OR) (95% confidence interval (95% CI)), sensitivity, specificity,
positive and negative predictive value (PPV and
NPV), and the receiver operating characteristic
(ROC) curve were determined with exact 95% confidence intervals.

Results
Ninety-nine breast cystic lesions in 83 women
were included, among whom 16 patients were
identified with bilateral cystic lesions. The mean
age of patients was 51.47 years, ranging from 26 to
81 years (95% CI: 48.72–54.22 years). The mean
diameter of the lesions was 18.64 mm, ranging
from 3 mm to 47 mm (95% CI: 16.45–20.83 mm).
The rate of malignant cystic lesions in each
type is shown in Table I (Figures 1–6). Six remaining lesions were classified as ‘others’. Among 99
CBLs, 14 malignant lesions were associated with
sonographic appearance of type 3 in 3 varieties,
type V and type VI in 6 varieties, while the other
subtypes (simple cyst, clustered cysts, complicated cysts, and cysts with thin septa) were all benign. Malignant lesions included invasive ductal
carcinoma (n = 4), ductal carcinoma in situ (n = 3),
intraductal papillary carcinoma (n = 3), mucinous
carcinoma (n = 2), lobular carcinoma in situ (n = 1),

Table I. Rates of malignancy in each subtype of cystic breast lesions
Subtype

n

Benign

Malignancy

Rate of malignancy (%)

Three varieties
Type 1

40

40

0

Type 2

18

18

0

0.0

Type 3

35

21

14

40.0 (23.8–56.2)

Others

6

6

0

0.0

Total

99

85

14

14.1 (7.3–21.0)

df

Value of p

3

< 0.001

5

< 0.001

0.0

Six varieties
Type I

40

40

0

0.0

Type II

2

2

0

0.0

Type III

4

4

0

0.0

Type IV

18

18

0

0.0

Type V

15

11

4

26.7 (4.3–49.0)

Type VI

20

10

10

50.0 (28.1–71.9)

Total

99

85

14

14.1 (7.3–21.0)

n – sample size of calculation, df – degrees of freedom.
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A

B

Figure 1. A – Sonogram of simple cyst with circumscribed margins, posterior acoustical enhancement, and no
internal echoes. B – Schematic depiction of simple cyst

A

B

Figure 2. A – Sonogram of clustered cysts. B – Schematic depiction of clustered cysts

A

B

Figure 3. A – Sonogram of cyst with thin septa of less than 0.5 mm in thickness. B – Schematic depiction of cyst
with thin septa of less than 0.5 mm in thickness

A

B

Figure 4. A – Sonogram of complicated cyst with circumscribed margins, posterior acoustical enhancement, and
low-level internal echoes. B – Schematic depiction of complicated cyst
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A

B

Figure 5. A – Sonogram of complex cystic lesion with septa or a wall greater than 0.5 mm in thickness. B – Schematic depiction of complex cystic lesion with septa or a wall greater than 0.5 mm in thickness

A

B

Figure 6. A – Sonogram of complex xystic lesion presented with complex solid and cystic masses. B – Schematic
depiction of complex cystic lesion presented with complex solid and cystic masses

and medullary carcinoma (n = 1). The pathologic diagnoses of the remaining 83 benign lesions
were 5 cysts, 10 papillomas, 54 fibrocystic changes, 9 cases of ductal ectasia, 5 cases of chronic
inflammation, and 2 cases of fat necrosis.
Differences in the predominant shape, margin,
echo pattern, orientation, calcification, and vascularity were statistically significant between the
benign and malignant lesions in Table II, whereas
the posterior acoustic feature did not show a significant difference. The diagnostic indices of sono
graphic descriptors according to the BI-RADS-US
lexicon between benign and malignant CBLs, including odds ratio (OR) (95% confidence interval
(95% CI)), sensitivity, specificity, PPV and NPV, are
shown in Table II. The area under the curve (AUC)
obtained by using a receiver operating characteristic curve (ROC) analysis to assess diagnostic performance is shown in Figure 7.

Discussion
Cystic breast lesions represent a composite
of clinical and pathological diagnoses including
developmental abnormalities, inflammatory lesions, epithelial and stromal proliferations, and
neoplasms. Our study is consistent with several
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studies and has confirmed that cysts in women
with the sonographic appearances of simple cysts,
clustered cysts, and cysts with thin septa have
no malignant potential [7, 10, 12, 16]. Therefore,
further diagnostic evaluation such as aspiration
or biopsy are not necessary, unless the patient is
symptomatic.
Previous reports mentioned that complicated
cysts are likely to be benign [10, 12, 16]. The results
from our study indicated that none of 18 complicated cysts proved to be malignant, consistent
with previous studies. If the complicated cysts are
clinically or mammographically new or are symptomatic, aspiration should be attempted [12, 17]. In
our series, the total malignancy rate of cystic breast
lesions was 14.1% (14/99), slightly higher than
the 12% (18/150) reported by Berg et al. [10] All
these 14 malignant lesions were associated with
sonographic appearances of complex cystic lesions,
while the remaining subtypes were benign.
Complex cysts were the most common varieties associated with breast cancer compared to
women with other varieties of CBLs. The term
‘complex cyst’, defined as cysts with thick walls,
thick septa, or mixed solid and cystic components,
distinguished from the other types of CBLs [7, 10,
11, 16], is not a pathological classification; it is
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16

0

Not parallel

7

Not circumscribed

21

Complex

18

Absent

83

Absent

80

Absent

5

9

12

2

5

9

14

0

5

9

2

12

7

7

Malignant

< 0.001

0.036

0.233

< 0.001

0.004

< 0.001

0.010

Value
of p

0.092 (0.036–0.233)

2.635 (1.302–5.332)

28.800 (6.974–118.941)

0.165 (0.025–1.076)

1.139 (0.918–1.414)

6.917 (0.889–53.798)

0.593 (0.263–1.338)

1.226 (0.817–1.840)

0.484 (0.144-1.623)

0.247 (0.170–0.358)

/

/

0.231 (0.085–0.626)

1.427 (0.961–2.120)

6.190 (1.622–23.620)

/

1.167 (0.942–1.445)

/

0.376 (0.190–0.747)

1.624 (0.952–2.769)

4.313 (1.325–14.040)

OR (95% CI)

0.792 (0.636–0.948)

0.560 (0.386–0.734)

0.427 (0.258–0.597)

0.876 (0.809–0.944)

0.637 (0.462–0.813)

0.571 (0.395–0.748)

0.656 (0.489–0.823)

ROC (95% CI)

64.3 (39.2–89.4)

14.3 (0.0–32.6)

64.3 (39.2–89.4)

100.0 (100.0–100.0)

35.7 (10.6–60.8)

14.3 (0.0–32.6)

50.0 (23.8–76.2)

Sensitivity
(95% CI) (%)

OR – odds ratio, CI – confidence interval, ROC – receiver operating characteristic, PPV – positive predictive value, NPV – negative predictive value

5

Present

Vascularity

2

Present

Calcification

67

Present

Posterior acoustic
shadowing

64

Not complex

Echo pattern

78

Circumscribed

Margin

85

Parallel

Orientation

69

Irregular

Benign

Regular

Shape

US features

Table II. Sonographic descriptors of CBLs according to the BI-RADS-US lexicon

30.4 (11.6–49.2)

PPV (95% CI)
(%)

94.1 (89.1–99.1)

97.6 (94.4–100.0)

21.2 (12.5–29.9)

75.3 (66.1–84.5)

91.8 (85.9–97.6)

64.3 (39.2–89.4)

50.0 (1.0–99.0)

11.8 (4.6–19.1)

40.0 (23.8–56.2)

41.7 (13.8–69.6)

100.0 (100.0–100.0) 100.0 (100.0–100.0)

81.2 (72.9–89.5)

Specificity
(95% CI) (%)

94.1 (89.1–99.1)

87.4 (80.7–94.0)

78.3 (61.4–95.1)

100.0 (100.0–100.0)

89.7 (83.3–96.1)

87.6 (81.1–94.2)

90.8 (84.3–97.3)

NPV (95% CI)
(%)
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1.0

Sensitivity

0.8

0.6

0.4

0.2

0
0

0.2

0.4

0.6

0.8

1.0

1-Specificity
Source of the curve
Margin
Shape

Posterior acoustic feature
Orientation

Echo pattern

Calcification

Vascularity in lesion

Reference line

Figure 7. The area under the Roc curve for diagnosis of malignant cystic breast lesions by sonographic descriptors according to the BI-RADS-US
lexicon

a sonographic diagnosis with variations in definition and classification. Previous reports confirmed
that complex cystic breast lesions encompass
a wide range of pathologic entities, including benign, atypical (high-risk), and malignant lesions.
Common benign diagnoses of complex cystic
breast masses include fibrocystic changes, intraductal or intracystic papilloma, and fibroadenoma.
Fibrocystic changes include adenosis, sclerosing
adenosis, apocrine metaplasia, and ductal ectasia.
Common malignant results include ductal carcinoma in situ (DCIS), intracystic carcinoma, and infiltrating ductal carcinoma [10, 12, 13, 16, 18, 19].
Furthermore, concerning complex cystic breast
lesions associated with a significantly higher rate of
malignancy, we recommend that the term ‘complex
cystic breast lesions’ may be more suitable than
‘complex cyst’ in clinical use. Therefore, the appropriate term ‘cystic breast lesions’ (CBLs) should be
suggested. US-guided percutaneous biopsy is an
effective method for diagnosing and guiding the
management of complex cystic masses.
Based on our experience, the 3-variety method
excluded 4 lesions with thin septa and 2 lesions
with the sonographic appearances matched with
clustered cysts, although those 6 cystic lesions
were proven to be benign. To the best of our
knowledge, differentiation between type V and
type VI varieties of complex cysts may be unnecessary because all these complex cysts require
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biopsy. Therefore, the appropriate 5-variety classification for CBLs should be suggested, including
simple cysts, clustered cysts, complicated cysts,
cysts with thin septa, and complex cystic lesions.
In our study, the sonographic descriptors of
CBLs were statistically significant variables associated with malignancy according to the BI-RADSUS, including shape, margin, echo pattern, orientation, calcification, and vascularity. Furthermore,
regular shape, parallel orientation, circumscribed
margin, non-complex echo pattern, absence of
posterior acoustic feature (no posterior acoustic
features), calcification, and vascularity of lesions
showed high predictive value for benign lesions.
Not parallel to skin and presence of vascularity
of lesions showed high predictive value for malignant cystic lesions. Moreover, a complex echo
pattern is more valuable in terms of malignancy,
with the area under the ROC curve 0.876, sensitivity 100%, and specificity 75.3%.
We recognize that our study had some weaknesses. In particular, although 99 cystic breast lesions were included in the study, the sample was
small and some subgroups contained few cases,
which limited the statistical power of the analysis. Additional investigations of larger numbers of
lesions are necessary. Second, because our study
was retrospective and selection bias was introduced by limiting entry to patients who had undergone a US examination, it did not represent the
general population. In addition, although all the
sonographers in this study have received extensive training and clinical experience in the breast
ultrasound and the first edition of the BI-RADSUS, interobserver variability remains a concern.
Taking this into consideration, all the sonographic findings were analyzed by one radiologist with
5 years of experience at performing and interpreting
breast US from PACS, without knowledge of physical examination findings or pathological results.
In conclusion, the appropriate 5-variety classification for CBLs should be suggested, including
simple cysts, clustered cysts, complicated cysts,
cysts with thin septa, and complex cystic lesions.
Complex echo pattern, irregular shape, nonparallel orientation, and noncircumscribed margin, associated with microcalcification or vascularity, are
useful US predictors for subsets of probable malignancies in patients with cystic breast lesions.
Clearly, this conclusion will be strengthened by
further analyses of larger series and with prospective consecutive case series.
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