
RESEARCH Open Access

Correlation between ultrasound-guided
percutaneous breast biopsy and diffusion-
weighted magnetic resonance imaging of
the breast for evaluation of solid breast
lesions
Osama Lotfy Alabd1, Mohamed Shawky Alwarraky1, Doha Maher Taei2, Bayan Eid1 and Manal Ebraheim Gomaa1,3*

Abstract

Background: MRI’s role had been increasing in breast imaging. In this study, we evaluated the role of diffusion-
weighted MRI in correlation with ultrasound-guided percutaneous breast biopsy for diagnosis of solid breast lesions.

Results: Sixty female patients were diagnosed by clinical examination and mammography and planned for ultrasound-
guided breast biopsy. Diffusion-weighted MRI was done before the biopsy for results correlation. It was found that the
diffusion-weighted MRI was valuable in evaluating solid female breast lesions, showing a sensitivity of 96%, specificity
of 91.4%, positive predictive value of 100%, negative predictive value of 97%, and accuracy of 93.3% % compared to
pathological results.

Conclusion: Diffusion-weighted MRI has a great role in evaluating solid breast lesions.
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Background
Breast cancer is the commonest diagnosed cancer be-
tween women around the world, and its incidence is in-
creasing. It is considered the fifth cause of death among
cancer patients overall, and it is the leading cause of
death due to cancer in women [1]. In Egypt, the most
common cancer in females is breast and represents
38.8%, then non-Hodgkin’s lymphoma which represents
8.5%. Following them, liver and ovary represent 4.6%
and 4.5%, respectively [2].
The exact cause of breast cancer remains unclear, but

some risk factors make it more likely. These included
age, genetics, a history of breast cancer, dense breast

tissue, estrogen exposure and breastfeeding, bodyweight,
alcohol consumption, radiation exposure, hormonal
treatments, and occupational hazards [3].
Along with early detection, definitive diagnosis is import-

ant in the treatment of breast cancer. Diagnostic modalities
encompass clinical, radiological, and pathological findings.
Percutaneous core needle biopsy is considered a rapid,

sensitive, specific, and less-cost method in diagnoses
which give us prognostic information. It decreases the
need for surgical biopsy or frozen-section ones. The
main importance of histopathological evaluation done
from percutaneous core needle biopsy is that it helps us
to differentiate benign and malignant lesions and to
categorize each group into different subtypes [4].
MRI of the breast is used to help in the diagnosis of

both primary and recurrent breast cancers accurately,
especially in cases which the diagnosis is indeterminate
by mammography and breast ultrasound [5].
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DWI gives additional information to improve the data
obtained from routine breast MRI and thus increases the
benefits of imaging in breast cancer management. DWI
gives an idea about the microstructure and thus helps in
the characterization of different breast lesions [6]
The purpose of this study was to evaluate the role of

diffusion-weighted MRI in correlation with ultrasound-
guided percutaneous breast biopsy for the diagnosis of
solid breast lesions.

Methods
Patients

� The study was performed on 60 female patients
presented to the intervention and MRI units of the
department of diagnostic and interventional
radiology and medical imaging.

� Their ages ranged between 37 and 61 years old.
� The patients were referred from outpatient clinics

diagnosed as a breast lump.
� The study was conducted from October 2017 to

January 2019.

All patients underwent the following:

� History taking
� Complete physical examination: General and local

examination
� Mammography: Routine mammographic study in

cranio-caudal and medio-lateral oblique views.
� Diagnostic complementary ultrasonography of the

breast: All patients were subjected to bilateral breast
ultrasound using a linear probe with frequency 5–
10MHz of GE machine, to differentiate solid from
cystic lesions.

Inclusion criteria

� All patients were hepatic with suspected solid breast
lesions.

Exclusion criteria

� Patients with simple or complicated cystic lesions,
by US

� Patients contraindicated to MRI

MRI examinations

� MRI was done for all patients before taking the
biopsy.

� Imaging was performed on 1.5-T GE optima MR
scanner release 450W, GE medical systems using a
dedicated phased-array four-channel breast coil.

Patient preparation

� Discussion of the whole study technique with the
patient was done.

� Dynamic MRI was done; IV line was secured into
the patient arm connected to automated power
injector filled with gadolinium (Magnivest) that was
estimated according to the patient weight (0.1
mmol/ Kg).

� The patient lied prone on MRI table with both
breasts fitted into the breast coils in a way that the
breasts did not touch the coil with no breast folds or
kinks associated.

MRI protocols

� T2-weighted, fat-saturated sequence with TR (5600),
TE (59), FOV (270–340), matrix (320 × 314), slice
thickness (4 mm), and gap (20% = 0.8 mm) in axial
plane with extension to the axilla

� T1-weighted non-fat-saturated sequence with TR
(8,6), TE (4.7), FOV (270-340), matrix (448 × 323),
slice thickness (1 mm), and gap (− 10% = − 0.1 mm)
in axial plane with extension to the axilla

� Diffusion-weighted echo-planar imaging (EPI)
sequence with TR (4800), TE (98), FOV (270–340),
matrix (192 × 192), slice thickness (4 mm), and gap
(50% = 2mm) in axial plane. The b values were 0,
400, and 800 with computer-generated ADC map.

� In DWI, multiple ROI technique was used, in a trial
to achieve standardized conditions for results
analysis and avoiding data contamination by
adjacent structures, multiple freehand regions of
interest (ROI) with a mean area of 30 mm ~ 2
(ranging from 10 to 50 mm ~ 2) were individually
placed on the ADC map at the site of the target
lesion and the minimum (ADC ~ min), mean (ADC

Table 1 Distribution of seciodemographic data among studied
group

Mean±SD Median Range

Age 49.25±12 47.50 31.00-61.00

Marital status (Married) 60 (100%)

Table 2 Distribution of the studies patients BIRAD classifications
according to Sono-mammography

No %

Mammography/ US

BIRADS II 8 13.3

BIRADS III 5 8.4

BIRADS IV 19 31.6

BIRADS V 28 46.7
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~ mean), and maximum (ADC ~ max) ADC values
were calculated. Necrotic or cystic components were
avoided.

Image interpretation
Two radiologists (more than 10 years’ experience) with
the knowledge of the aim of the study interpreted the
MRI images in consensus.

Percutaneous ultrasound-guided breast biopsy
Preparation, ultrasound, and positioning

� We took informed consent from our patients
� Discussion of the procedure’s technique, risks, and

benefits
� Good position of the patient to obtain the best

access to the lesion, this is usually done by elevating
and flattening the breast. We may need to put a
foam wedge behind the shoulder of the same side to
make the patient oblique and bring the breast
toward midline.

� Obtain images with color Doppler to evaluate the
lesion and nearby structures or vessels.

Devices

� We used a 14-gage true cut biopsy needle with 10-
cm length.

Local anesthetic

� Cleaned the skin with povidone-iodine to disinfect it
� Put sterile cover to the transducer
� Local anesthetic was injected using Lidocaine 1%.
� Introducer and needle advancement
� A small skin incision was made at the entry site

using blade scalpel to facilitate appropriate
introduction of the needle.

� The needle was advanced and was simultaneously
moved with the transducer for good visualization
and better position.

� When the position was appropriate, we fired the
needle. Many cores were sampled from different
views and in the same incision.

Sampling

� Four to 6 cores were sampled for each patient.
� We put specimens into a specimen jar which has a

10% formaldehyde solution.

Post-biopsy care

� Pressure was applied to the site of biopsy for at least
5 min to reach hemostasis. Then, sterile bandage
strips were put over the incision.

� Analgesic in cases of pain was advised to our
patients

Table 4 Distribution of MRI diffusion among studied group

MRI diffusion No %

Facilitated 24 40

Mixed 3 5

Restricted 33 55

Table 5 The relation of the type of diffusion and the
pathological type
Type of pathology Restricted

and mixed
Percentage Type of

pathology
Faciltated Percentage

• IDC II 26 43.3 % • Fibroadenoma 16 26.7 %

• ILC III 4 6.7 % • Inflammatory
lesions

2 3.3%

• Inflammatory
lesions

1 1.7 % • Fibrocystic
disease

2 3.3%

• Metastatic HCC 3 5% • Granuloma 4 6.7%

• Undifferentiated
Carcinoma

2 3.3 %

Table 6 The relation of the type of diffusion and the
pathological type

Type of pathology Restricted and
mixed

Type of
pathology

Facilitated

• IDC II 26 • Fibroadenoma 16

• ILC III 4 • Inflammatory
lesions

2

• Inflammatory
lesions

1 • Fibrocystic
disease

2

• Metastatic HCC 3 • Granuloma 4

• Undifferentiated
carcinoma

2

Table 3 Distribution of the Pathological characterization
amoung the studies group patients

Type of pathology Number Percentage

Malignant

• IDC II 26 43.3 %

• ILC III 4 6.7 %

• Metastatic HCC 3 5 %

• Undifferentiated Carcinoma 2 3.3 %

Benign

• Fibroadenoma 16 26.7 %

• Granuloma 4 6.7 %

• Inflammatory lesions 3 5 %

• Fibrocystic disease 2 3.3 %
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Statistical analysis
The collected data were tabulated. Using a statistical
program called SPSS (Statistical Package for the Social
Science Software) to analyze them, the following was
done:

� The qualitative data were expressed in numbers and
percentages.

� It was important to calculate sensitivity, specificity,
positive predictive value, negative predictive value,
and accuracy of DWI MRI results compared to
pathological results of the solid breast lesions.

� We used tests of significance.
� Using Student t test, Chi-square test, and ROC

curve (receiver operating characteristic curve)

Results
Our study was done on 60 patients; all of them were
married and their ages ranged between 37 and 61
years old (Table 1). Clinical examination, mammog-
raphy, and ultrasonography were done to select cases
with solid breast lesions. Patients were planned for
ultrasound-guided breast biopsy. Diffusion-weighted
MRI was done before the biopsy for results
correlation.
By sono-mammography, 8 patients had criteria of

BIRADS II, 5 of BIRADS III, and 19 of BIRADS IV,
and 28 show BIRADS V (Table 2).

Pathological characterizations were obtained for all 60
lesions by histopathology. Some of these patients were
BIRAD II with high-risk family history of breast cancer
and they (or the surgeon) requested biopsy. We noted that
the infiltrating ductal carcinoma was the most frequent
malignant histological type (43.3%), while the most fre-
quent benign solid lesion was fibroadenoma (18.3%).
There were three cases of breast tissue that showed in-
flammatory lesion signs with no pathological tumor evi-
dence, one of them had a restricted diffusion which was
considered a false-positive result. In (Table 3), we
described the pathological findings completely.
By diffusion-weighted MRI, 24 cases (40%) showed fa-

cilitated diffusion, 33 cases (55%) showed restricted dif-
fusion, and three cases showed mixed diffusion (5%) as
seen in (Table 4).
The relation of the type of diffusion and the patho-

logical type was described in (Table 5).
In Table 6, we described accuracy of DWI of examined

breast solid lesions compared to pathological finding.
From Table 6, we found that the diagnostic accuracy

at cutoff value 1.5 was 93.3%. Sensitivity was 96% (CI
95% 92–100%), whereas specificity was 91.4% (CI 95%
88.2–94.6%). Also, we found 100% positive predictive
value and 97% negative predictive value.
Figure 1 describe the correlation between DWI and

pathological finding. P value and ROC curve between re-
sults of DW MRI and pathological results was P > 0.05

Fig. 1 Correlation between DWI and pathological finding
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that means non-significant difference, which confirms
high sensitivity and specificity of DW MRI (Fig. 2).

Cases
Figures 3, 4, and 5 represent a sample of selected pa-
tients of our study, each figure for one case.

Discussion
Nowadays, MRI of the breast has become an important in-
vestigation for breast focal lesions characterization. Many
researches described this importance in practice [7].
Our study included 60 patients, with mean age of 49

years (their ages ranged between 37 and 61 years old).
This is consistent with El-Wakeel et al.’s study as the
ages of the patients included in his study ranged be-
tween 30 and 65 years. The age of patients was younger
in cases with benign lesions and ranged between 30 and
55 years with a mean age of 40.2 years. The age of pa-
tients was older in cases with malignant lesions, ranging

Fig. 3 28-year-old female patient with negative family history presented with left retroareolar lump. The mass shows intermediate signal on T2,
low signal on T1, and heterogeneous bright signal on STIR. The solid parts of the mass show restricted diffusion and ADC values range from 1.1
to 1.2 × 10−3 mm2 s. The pathological diagnosis is inflammatory lesion, negative for malignancy

Fig. 2 ROC curve showing the correlation between DWI and
pathological finding

Alabd et al. Egyptian Journal of Radiology and Nuclear Medicine          (2020) 51:106 Page 5 of 8



between 35 and 62 years with a mean age of 48.4 years.
So the incidence of malignant lesions was increased with
increased age [8].
Differences in ADC were most dramatic in large, het-

erogeneous, and non-mass lesions. Some studies have
reported that a smaller ROI placed over the most
hypointense ADC area may provide better discriminat-
ing performance by reflecting the worst pathology within
a heterogeneous lesion. On the other hand, whole tumor
measurement may allow better reproducibility. Semi-
automated ROI selection techniques further show prom-
ise to improve efficiency, accuracy, and reproducibility
of breast lesion ADC measures [9].
Researches or studies were done for this subject had

reported that the mean ADC values of malignant lesions
(range 0.95–1.22) were significantly different from be-
nign lesions (1.44–1.67) depending on the b value [10].
Regarding our study, ADC values of the solid breast le-

sions were moderately higher than those recorded in the

literature. That may be due to usage of lower b value in
our protocol (b values 0–800mm/s2), while that of the
other most studies was (0–1000), this was due to the
need to obtain a high signal-to-noise ratio even with a
four-channel coil.

� The ADC values of malignant lesions (1.01–1.51;
mean 1.29) and that of benign lesions (1.32–2.02;
mean 1.67) were highly significant differences (P <
0.001). Also, significant differences in diffusion
coefficient between malignant lesions and normal
breast tissue were reported (mean ADC was
approximately 2 in normal breast) [11]. In our study,
we did not do this evaluation because we were
interested only with solid masses which did not
show any normal breast tissue in their
histopathology. However, relatively few reports
related to our subject found that the possible cause
of false-negative results was low cellularity of some

Fig. 4 80-year-old female patient presented with left upper outer quadrant breast lump. The mass displays low signal on T2 and on T1 with
bright signal on STIR. It shows restricted diffusion and ADC values range between 0.4 and 0.9 × 10−3 mm2 s. Pathological diagnosis is invasive
duct carcinoma grade II
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histopathological types such as mucinous, lobular,
apocrine, and scirrhous carcinomas [12].

While false-positive DWI findings were found in some
of the benign focal lesions such as fibrocystic mastopa-
thy and intraductal papilloma that is mainly due to
higher cellularity of these lesions, fibrocystic mastopathy
showed the lowest ADC values (1.45) were recorded for
a case in previous studies [13].
In our report, we were unable to perform a valuable

statistical evaluation of the possible correlation between
ADC and histopathology due to the small number of pa-
tients and the qualitative distribution of malignant le-
sions. This correlation had been supported by some
authors (Nasu et al., 2008) but refused by others [14].
On the other hand, our study had some limitations,

because we selected only patients with hepatic dis-
eases who had solid lesions deserving investigation
with breast MRI, and only those requiring pathological
characterization. Our series did not contain findings with

a low index of suspicion, the presence of which might
have reduced the diagnostic performance of DWI.

Summary
The potential value of DWI for improving the diagnosis,
management, and follow-up of breast cancer patients is
growing. This supplemental MRI technique is increas-
ingly being included in breast MRI protocols. DWI has a
short acquisition time, it is widely available with most of
commercial MR scanners, and the contrast agent injec-
tion is not needed.
However, in some institutions, there are obstacles in

routine clinical application DWI of breast related to
technical points and need of standardization of imaging
approaches. Novel acquisition techniques are under de-
velopment to overcome commonly encountered image
quality issues, and advanced modeling approaches hold
potential to further expand the capabilities of DWI as an
imaging biomarker.

Fig. 5 46-year-old female presented with right breast diffuse swelling with palpable retroareolar lump. Right breast diffuse edema and skin
thickening with multiple ill-defined infiltrative lesions displaying high signal on T2. The lesions show restricted diffusion. ADC values range
between 0.7 to 1.3 × 10−3 mm2 s. The pathological diagnosis is inflammatory carcinoma
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Results of prospective multicenter trials will help to es-
tablish generalized guidelines, which are needed to facili-
tate the widespread implementation of DWI for breast
imaging.

Conclusion
From our study, we conclude that DWI is an important
diagnostic complement technique for characterizing of solid
breast lesions in patients undergoing MRI, due to its relative
inexpensiveness and rapidness, even though it is as yet un-
able to avoid the need for pathological characterization.
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