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Abstract: Objectives: This study is to investigate the values of multiple quantitative evaluation parameters in the
diagnosis of mammary duct ectasia (MDE), using real-time ultrasound elastography (UE) and magnetic resonance
imaging (MRI). Methods: This retrospective study was performed on 15 patients (16 lesions) with MDE. Ultrasound
examination was performed with the LOGIQ E9 ultrasound instrument, with all lesions being examined by routine
ultrasound and UE. MRI examination was performed with a Signa HD x 3.0T TWINSP MR System, including of plain-
scan, diffusion-weighted imaging, dynamic contrast-enhanced MRI, and proton magnetic resonance spectroscopy.
Imaging features, as well as semi-quantitative and quantitative parameters, were analyzed to determine their diag-
nostic value for MDE. Results: According to the five-point scale in UE, twelve lesions belonged to 1-3 point scale, and
four lesions were in 4-5 point scale, with an average of 2.93 £ 0.77. In dynamic contrast-enhanced MRI, the lesions
appeared as obviously enhanced signals. The MRI early-enhancement rate ranged from 0.35 to 1.07 (0.67 + 0.30
on average); the time peak ranged between 192 and 330 s (248 + 37 s on average); the peak-enhancement ratio
ranged from 2.26 to 3.06, with an average of 2.59 + 0.33. According to MRI time-signal intensity curves classified
into persistently enhancing (type ), plateau (type Il) and washout (type Ill), 12 lesions (75%) belonged to type |,
three (18.75%) belonged to type Il, and one (6.25%) belonged to type lll. Magnetic resonance spectroscopy showed
that a total choline peak occurred only in one lesion. The diagnosis accuracy rates for ultrasound alone, MRI alone
and the combination of ultrasound and MRI were 75% (12/16), 87.5% (14/16) and 93.75% (15/16), respectively.
Conclusions: Both ultrasound and MRI show clinical importance in MDE diagnosis. However, UE, dynamic contrast-
enhanced MRI, and magnetic resonance spectroscopy demonstrate significantly better diagnosis and differential
diagnosis of MDE.

Keywords: Mammary duct ectasia, ultrasound, magnetic resonance imaging, magnetic resonance spectroscopy,
ultrasound elastography

Introduction because of its diversified and complex symp-

toms [2] as well as its resemblance to breast

Mammary duct ectasia (MDE) is a type of non-
puerperal benign mastitis with an incidence of
1.1-75% depending on the diagnostic methods
used [1]. Historically, MDE descriptions involved
diverse terminologies, according to different
histological and symptomatic features [2].
However, Haagensen et al. proposed using
MDE as the formal and unified name in 1951,
based on its major pathological feature - a
blocked or clogged lactiferous duct [3]. The
diagnosis of MDE is clinically challenging

cancer in some cases [4]. Inappropriate diagno-
sis or treatment can result in recurrent onset
and persistent symptoms. For example, misdi-
agnosis of breast cancer can lead to complete
breast resection [5]. Accurate and timely differ-
ential diagnoses are critical for the treatment of
MDE.

Imaging examinations that can identify mam-
mary diseases include mammography, ultra-
sound (US), magnetic resonance imaging (MRI)
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and galactography [6]. Each method has its
uniqgue advantages and disadvantages. For
instance, mammography provides superior
sensitivity to calcification [6] and is optimal for
the diagnosis of dense breast tissue, but its
specificity is relatively low [7]. Galactography is
sensitive to minor intraductal lesions, but it can
be unsuccessful if the pathologic ducts cannot
be cannulated [8]. In addition, some patients
may feel uncomfortable during galactography
[6]. In general, most MDE can be diagnosed by
routine US [9], which typically shows thickened
walls of mammary ducts with widening lumen
(> 3 mm) or fistulae connected with abscesses
[9]. The diagnosis of large lesions can be diffi-
cult and differential diagnosis is often required
in the presence of inflammation for breast can-
cer [10, 11]. Although real-time ultrasound
elastography (UE) can provide informative
images that distinguish between benign and
malignant lesions [12, 13], there are few
reports on its use for MDE diagnosis. For soft
tissues, high-resolution MRI proves advanta-
geous for the diagnosis of mammary diseases
[14, 15]. However, its ability to differentiate bet-
ween benign and malignant mastitis remains
controversial [11, 14, 16, 17]. Quantitative
measurements could significantly reduce sub-
jective evaluation required for images obtained
from ultrasound or MRI, and improve diagnosis
accuracy. This study used UE and MRI to inves-
tigate the diagnostic value of quantitative mea-
surements in clinical treatment of MDE pati-
ents.

Materials and methods
Patients

A total of 15 MDE patients were recruited for
studying a total of 16 lesions between May
2012 and June 2013. They were first examined
by routine US, which could not make definitive
diagnosis. Afterwards, the patients were exam-
ined by UE and MRI, followed by mammotome
biopsy within seven days after the imaging
examination, before the samples were sent for
pathological investigations. All examinations
were carried out within a week. The diagnosis
of MDE complicated with/without acute and
chronic inflammation, abscess, or granuloma
was made after excluding inflammatory breast
carcinoma, other infective and non-infective
causes of inflammation (such as tuberculosis,
parasitic and fungal infections, and sarcoid-
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osis), Wegener's granulomatosis, giant cell
arteritis, polyarteritis nodosum, idiopathic
granulomatous mastitis and lactational masti-
tis [18]. All patients were female with ages
between 24 and 48 years (average 34 + 7.12
years). Among the 15 patients, 14 patients
were married with histories of childbearing (one
childbirth for 10 patients and two childbirths
for the other 4 patients). Ten patients had a his-
tory of bilateral breastfeeding with only two
having galactostasia, two patients had a histo-
ry of single-breast breastfeeding without galac-
tostasia, one patients had a history of single-
breast breastfeeding with galactostasia and
one patient had no breastfeeding but had
galactostasia. One patient had never been mar-
ried or given birth to babies. For all patients,
MDE onset occurred over a period ranging
between four days and half a year. Local mass-
es and tenderness in the breast, as major clini-
cal manifestations, occurred in 10 patients;
local masses without tenderness occurred in 3
patients; and tenderness without masses
occurred in 2 patients. Four patients suffered
from skin irritation, and 3 showed skin ulcer-
ation with sinus formation. Five patients had
nipple inversion (bilateral in one patient) and
three patients experienced nipple discharge
(white liquid in two patients and purulent liquid
in one). All 15 patients had normal menstrua-
tion, no history of smoking, no history of hepati-
tis, diabetes, or tuberculosis and no family his-
tory of breast cancer. The study was approved
by the Medical Ethics Board of The Second
Hospital of Shandong University. Informed con-
sent was obtained from all patients or their
families.

us

US examination was performed with the LOGIQ
E9 ultrasound instrument (GE Healthcare, Little
Chalfont, UK). The breasts of each patient were
fully exposed in a supine position with the arms
being raised above the head. A 9-14 MHz high-
frequency probe was used to scan the breasts
and axillaries of the patients bilaterally. UE was
performed after routine US. Routine US and UE
were performed by two specified senior experts,
each with at least 5 years of experience in
breast US.

According to the routine US features [19], all
lesions were classified into four types: mamma-
ry-duct dilation (type 1), cyst-and-solid mass
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Table 1. The diagnostic results of ultrasound,
magnetic resonance imaging and the combi-
nation of both

us MRI US + MRI Pathology
MDE 12 14 15 16
IDP 1 0 0 0
IBC 2 2 1 0
IPC 1 1 0 0

Note: US, ultrasound; MRI, magnetic resonance imaging;
MDE, mammary duct ectasia; IDP: intraductal papilloma;
IBC, inflammatory breast cancer; IPC, intraductal papil-
lary carcinoma.

(type ll), solid mass (type lll), and abscess (type
IV). A five-point scale was adopted according to
the hardness of nodules, as seen in UE [20,
21]: a lesion that showed green overall (or
mostly) scored 1 point; if the center of a lesion
appeared to be blue and surrounded by domi-
nant green, it scored 2 points; a lesion exhibit-
ing equal amount of green and blue colors
scored 3 points; a lesion appearing predomi-
nately blue, or blue mixed with a little green,
scored 4 points; if the surrounding tissues of a
lesion appeared to be blue, with or without
green inside, the lesion scored 5 points. A
lesion scoring from 1 to 3 points was consid-
ered benign, while that scoring 4 or 5 points
was malignant.

The classification and scoring were performed
by the same two specified experts. Two-
dimensional images, color Doppler flow imag-
ing (CDFI) and elastography were recorded and
archived. All data was analyzed by the two
specified senior experts according to Breast
Imaging-Reporting and Data System (BI-RADS)
lexicon of the American College of Radiology
(ACR) [22]. If the experts did not agree with
each other, they would ask for a superior.

MRI

MRI examination was performed with a Signa
HD x 3.0T TWINSP MR System (GE Healthcare,
Little Chalfont, UK) with a special coil made for
breast examination (bilateral eight channel
coil). With the patient being in a prone position,
the breasts were placed on, and suspended by
the examination coil. MRI plain scanning was
performed from the direction of the feet using
the parameters of Ax STIR (TR 8200/TE 36,
Matrix 512 x 512, NEX 2.00), Ax TAFSE (TR 40/
TE 7.9, NEX 2.00, Matrix 512 x 512) and bilat-
eral sag (TR3600/TE110, Matrix 512 x 512,
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NEX 2.00), and diffusion-weighted imaging (b =
0, 1000) (TR6000Q/TE70, Matrix 512 x 512,
NEX 4.00). Dynamic contrast-enhanced (DCE)-
MRI scanning was conducted by injecting the
contrast medium Gadolinium (Gd)-diethylene
triamine pentacetate acid at a dosage of 0.2
mmol/kg in 20 ml saline into dorsum manus
vein at a speed of 1.5 ml/s, followed by another
20 ml saline. A scanning mask was obtained
before contrast medium injection, and 3-dimen-
sional vibrant-axial scanning was carried out at
the same time with the injection of the contrast
medium (parameters: TR 4.3/TE 2.1, Matrix
512 x 512, NEX 0.7) for eight phases. Then,
3-dimensional vibrant-sagittal scanning was
performed (parameters: TR 4.3/TE 1.8, Matrix
512 x 512, NEX 0.7). Proton (*H) magnetic res-
onance spectroscopy (MRS) was conducted
with a minimum volume of interest of 15 x 15 x
15 mm (parameters: TR2000/TE155, NEX32,
FOV36), which avoided areas of necrosis and
cysts.

All data were processed off-line on an AW
Volume share 2 workstation, and independent-
ly interpreted by two senior experts, each with
at least 10 years of experience in MRI diagno-
sis. Radiologists were blinded to the final path-
ological results. The morphological features of
the lesions were analyzed according to Breast
Imaging-Reporting and Data System (BI-RADS)
lexicon of the American College of Radiology
(ACR) [22]. The measurement parameters
included early-stage enhancement ratio (EER),
peak-of-enhancement ratio (PER), time peak
(Tpeak) and time-signal intensity curve. The for-
mula for EER calculation is: EER =S, - S /S x
100%, in which S, is the signal intensity
obtained 1 minute after contrast medium injec-
tion and S is the signal intensity obtained
before injection. The formula for calculating
PER is: PER = S__ - S/S; x 100%, in which

peak
S isthe peak signal intensity obtained before

oﬁeg?ter contrast medium injection and S is the
signal intensity obtained before injection.
Tpeak is the time between contrast medium
injection and the highest signal intensity. Time-
signal intensity curve (TIC) was classified into
three types [23]: persistently enhancing (type

1), plateau (type Il) and washout (type IlI).

Statistical analysis

All data were analyzed using SPSS 17.0 for
Windows (IBM, USA). Measurement materials
were expressed as means + standard devia-
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Figure 1. US of a 28 year-old female with MDE complicated with inflammation and abscess. (A) The dilated mamma-
ry duct was beneath and to the lateral of the nipple. There were fine spots within the duct, flowing upon squeezing.
The skin was involved with ulceration. (B) The lesion was large with disordered morphology. A localized liquid dark
area was visible, with weak signal and flowing fine spots. (C) CDFI indicated moderate blood flow within the lesion.

Figure 2. Color Doppler flow imaging (CDFIl) of a 48 year-old female with MDE. CDFI indicated abundant blood flow
with at least four visible vessels of varied diameter in the view. The Rl value was 0.61.

tions. The difference of diagnostic accuracies MRI were compared by Chi-square test. Paired
among US, MRI and the combination of US and comparisons of US, MRI and the combination of
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Table 2. Relationship between types and
elastography scores

1 2 3 4 5 Total
Type | 0 1 0 0 0 1
Type Il 0 2 2 2 0 6
Type 1l 0 1 1 1 0 3
Type IV 0 1 4 1 0 6
Total 0 5 7 4 0 16

US and MRI were performed using Fisher’s
exact test. P < 0.05 indicates significant
difference.

Results
us

To determine the diagnostic results of US, we
combined routine US with UE. The diagnostic
results are shown in Table 1. All 16 lesions
were classified into four types based on MDE
features: type |, one lesion (6.25%); type Il, six
lesions (37.5%); type lll, three lesions (18.75%);
and type |V, six lesions (37.5%) (Figure 1A-C).
Furthermore, the resistance index (RI) ranged
between 0.52 and 0.66 (0.593 + 0.042 on
average) (Figure 2). Elastography results (Table
2) showed an average score of 2.93 + 0.77
(Figure 3A, 3B). These data suggest that rou-
tine US is able to show the morphological fea-
tures while Rl and UE can identify malignant
tumors.

MRI

To investigate the accuracy of MRI examination,
MRI plain-scan was used. The diagnostic
results are shown in Table 1. Typical accompa-
nying signs included mammary gland or chest
wall edema in five lesions, inverted nipples in
six lesions, thickened or sunken skin in four
lesions, sinus formation in four lesions, thick-
ened vascular wall in eight lesions and enlarged
lymph nodes in eight lesions (Table 3). The
apparent diffusion coefficient (ADC) of the
lesions ranged between 1.01 and 2.30 x 10°
mm?/s (1.31 x 102 + 0.19 mm?/s on average).
DCE-MRI indicated that the 16 lesions exhibit-
ed a significantly enhanced signal (Figure 4A,
4B). A ring-like enhancement with a thickened
wall was found in six lesions (Figure 5A-D);
patchy or nodular enhancement was found in
six lesions; and irregular enhancement was
found in four lesions (Table 3). All lesions
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showed clear boundaries with surrounding tis-
sues although the edges were not smooth.
Detailed measurements indicated an EER rang-
ing between 0.35 and 1.07 (0.67 £ 0.30 on
average), a Tpeak ranging between 192 and
330 s (248 £ 37 s on average) and PER ranging
between 2.26 and 3.06 (2.59 + 0.33 on aver-
age). The time-signal intensity curve (TIC) of all
16 lesions were classified into three types: 12
lesions (75%) in type | (Figure 6A), 3 lesions
(18.75%) in type Il (Figure 6B) and 1 lesion
(6.25%) in type lll (Figure 6C). The total Choline
peak (tCho) was only found in one lesion (Figure
TA, 7B). These data indicate that semi-quanti-
tative and quantitative parameters of MRI are
helpful for the diagnosis of MDE.

The combination of US and MRI

To further investigate the effect of US and MRI,
we combined US and MRI. The diagnostic
results are shown in Table 1. UE ruled out 1
case of inflammatory breast cancer diagnosed
by MRI. Using TIC, MRI ruled out 1 case of intra-
ductal papilloma, 1 lesion of intraductal carci-
noma and 1 case of inflammatory breast can-
cer diagnosed by US. Only 1 case of infla-
mmatory breast cancer was diagnosed by the
combination of US and MRI. These data sug-
gest that higher accuracy can be acquired by
analyzing more parameters using the combina-
tion of US and MRI.

Pathological examinations and follow-ups

To evaluate the accuracy of US, MRI and their
combination, samples were sent for pathologi-
cal examinations afterwards. The pathological
results were gold standard. The data showed
that 16 lesions were MDE with/without inflam-
mation, abscess, or granuloma (Table 1). There
were no significant differences among the diag-
nosis accuracy rates for US, MRI and their com-
bination (Table 4). One out of the 15 patients
failed to provide follow-up data, 3 patients who
underwent partial resection showed no recur-
rence till the end of the follow-up period, and
11 patients underwent treatment with isonia-
zid (0.3 g/d), rifampicin (0.45 g/d), and etham-
butol (0.75 g/d). Two patients in this group
stopped medication and showed no recur-
rence; another 9 patients under treatments
showed lesion shrink, although 3 out of the 9
patients suffered from local ulcerations when

Int J Clin Exp Med 2015;8(6):8506-8515



Effective UE and MRI in MDE diagnosis

Table 3. Features of MRI plain-scan images

Signal Morphology Boundary
High Equal Low Mixed Homogeneous Heterogeneous Regular Irregular  Clear Unclear
STIR 10 2 4 4 12 4 12 6 10
TIFSE 4 2 8 2 6 10 4 12 8 8
DWI 16 16 4 12 6 10

Figure 3. US of (A) a 39 year-old female with MDE complicated with inflammation, abscess, and granuloma when
most lesions appeared green results indicating a score of 1; and (B) a 32 year-old female with MDE complicated
with inflammation when most lesions appeared to be equally mixed green and blue, indicating a score of 3.

taking the medication. These data indicate that
MDE can be diagnosed by US and MRI.

Discussion

Mammography and galactography are gradual-
ly being replaced by US and MRI examinations
that have significantly higher resolution [6, 24,
25]. US examinations for mammary diseases
include routine US and elastography. MRI
examinations include plain MRI scans, diffu-
sion-weighted imaging, dynamic contrast-
enhancement scan, and *H MRS. Both US and
MRI can provide quantitative or semi-quantita-

8511

tive information to improve diagnostic accura-
cy, including R, elastography scores, ADC, EER,
PER, Tpeak, time-intensity curve and tCho
peak.

These techniques afford better diagnosis and
differential diagnosis of breasts. For instance,
Alhabshi et al. confirm that elastography
increases the diagnostic specificity of conven-
tional techniques for malignant breast lesions
from 61.4 to 93% [12]. In addition, Suppiah et
al. report that the sensitivity of DCE-MRI for the
diagnosis of malignant breast tumor ranges
between 94 and 100%, while the specificity

Int J Clin Exp Med 2015;8(6):8506-8515
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Figure 4. MRI plain-scan images of a 24 year-old female with MDE complicated with inflammation and granuloma
obtained (A) before contrast medium injection and (B) after contrast medium injection. The lesion exhibits patchy
and irregular enhancement, with clear boundaries, although the edge was not smooth.

Figure 5. MRI plain-scan images of a 30 year-old female with MDE complicated. With inflammation and granuloma
with (A) inhomogeneous high signal of STIR; (B) inhomogeneous low signal of TLFSE; (C) inhomogeneous high signal
of diffusion-weighted imaging; and (D) heterogeneous ring-enhanced signal and enhanced signal of the mammary

duct wall with a clear boundary.

ranges between 37 and 97%, which can be fur-
ther increased from 70 to 92% with the assis-
tance of MRS [15]. However, the ability of US
and MRI to improve the sensitivity and specific-
ity of MDE diagnosis has not been thoroughly
investigated.
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Though both mammography and US examina-
tions are the primary tests for mammary dis-
eases [9], squeezing of the mammary gland is
usually required in mammography inspection,
producing a potential risk of inflammatory diffu-
sion for suspected MDE. Therefore, we did not
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Figure 6. Three types of time-signal intensity curves. (A) Type | showing a persistently enhanced intensity of the
dynamic signal. The intensity exceeded the cutoff point of 5%. (B) Type Il showing a plateau in the middle and late
stages after initial sighal enhancement. The fluctuation of signal intensity ranged between + 5%. (C) Type Ill showing
declining signal intensity in the middle and late stages after initial signal enhancement. The decline exceeded the
cutoff point of 5%.

Figure 7. Magnetic resonance spectroscopy (MRS). (A) No MRS peak at 3.2 ppm for most MDE lesions. (B) MRS
peak appeared at 3.2 ppm and 3.6 ppm for a 30-year-old female with MDE complicated with inflammation and
granuloma misdiagnosed by MRI.

perform mammography examination in the
present study. The present study showed that
the average elastographic image value for MDE
was 2.93 + 0.77, which was lower than that of a
malignant breast (4.2 + 0.9) [13], indicating the
significance of differential diagnosis between
MDE and malignant breast. In this study, the RI
of MDE was lower than 0.68, which was consis-
tent with that reported by Jin and colleagues
[26]. In addition, Hsu et al. found a significant
predictive value of type Ill ultrasound images
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for malignant breast lesions [19]. In the present
study, only 3 lesions out of 16 belonged to type
lll, indicating that the image type was informa-
tive for differentiating between benign and
malignant lesions. Routine US, combined with
elastography, can improve the specificity and
accuracy of the diagnosis for breast tumors
[27].

Magnetic resonance technology has become
widely used in the diagnosis of mammary dis-
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Table 4. Statistics

Despite these inter-

US vs MRI US vs combination MRI vs combination US vs MRI vs combination

esting findings, the

X2 0.762 3.2 7.467
P 0.450 0.25 0.125

2.139 present study has

0.467 some limitations. For

Note: Differences are statistically significant if P < 0.05.

eases. Although plain magnetic resonance
scan provides no specific findings related to
MDE, T2-weighted imaging (T2WI) and diffu-
sion-weighted imaging technologies clearly
show the morphology, size and position of MDE
lesions. In our study, the average ADC of MDE
was 1.3 + 0.19 mm?/s, which was between
those of benign and malignant lesions (1.5 +
0.5 mm?/s for benign and 1.2 + 0.3 mm?/s for
malignant lesions) [28] and of no diagnostic
significance for MDE. The commonly-used mag-
netic resonance parameters include EER,
Tpeak and PER. The EER of DCE-MRI can reflect
the vascular density in mammary glands and
the clearance volume of contrast agent in
lesions at early stages of scanning; Tpeak
reflects the maximal aggregation of contrast
agents in tumor tissue; and PER describes con-
centration changes of contrast agent from ini-
tial to peak. Malignant lesions typically have
EER > 80% (the value was obtained one minute
after contrast agent injection), Tpeak of 219 s
(ranging between 194 and 244), and PER of
1.44 (1.23 to 1.65) [29]. In this study, the aver-
age EER value was 67% (between 0.35 and
1.07) and 10 out of 16 lesions had values less
than 80%; the average Tpeak was 248 s (rang-
ing between 192 and 330); and the average
PER was 2.59 (ranging between 2.26 and
3.06). All of these magnetic resonance param-
eters are higher than those for malignant
lesions reported in published literatures, being
indicators for the differentiation between MDE
and malignant lesions. Studies indicate that
TIC of type | MRI often occurs in benign lesions,
type Il indicates overlapped lesions that are
both benign and malignant, and type Il curves
usually suggest malignant lesions [6]. In this
study, 12 out of 16 lesions exhibited type |
curve, which was consistent with published
reports, implying the diagnostic significance of
DCE-MRI for MDE. However, one lesion
belonged to type lll, leading to misdiagnosis. In
addition, tCho peak occurred only in one lesion.
As tCho peak usually appears in malignant
lesions, this result suggests that benign lesions
can also exhibit tCho peak.
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example, the sample
size was not large
enough, lacking a
control group with malignant lesions. Further
study is required to confirm these findings. In
summary, though there is no significant differ-
ence among the difference of diagnostic accu-
racies of US, MRI and the combination of US
and MR, this study demonstrates the potential
clinical significance of US and MRI examina-
tions for MDE diagnosis. Joint applications of
UE, DCE-MRI and MRS imaging technologies
can significantly improve MDE diagnosis
accuracy.
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