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Abstract

Background: Breast MRI is an indispensable modality, along with mammography and US. Its main
indications are staging of known cancer, screening for breast cancer in women at increased risk, as part of
the routine post-treatment follow-up, being considered more sensitive than conventional imaging
investigations in discriminating between postsurgical tissue modifications and tumor relapse and evaluation
of response to neoadjuvant chemotherapy. As opposed to mammography and US, MRI is a functional
technique. Heywang et al and Kaiser and Zeitler independently introduced this technique in the 1980s.
Contrast material-enhanced MRI evaluates the permeability of blood vessels by using an intravenous
contrast agent (gadolinium chelate) that shortens the local T1 time, leading to a higher signal on T1-
weighted images. The underlying principle is that neoangiogenesis leads to formation of leaky vessels that
allow for faster extravasation of contrast agents, thus leading to rapid local enhancement. Despite
improvements in the technique of breast MR, this principle is still the basis of all clinical MRI protocols.
However, most MRI protocols nowadays are multiparametric. The standard breast MRI performed in
clinical routine relies on both morphologic and dynamic contrast enhancement of lesions. Advanced
imaging techniques have been proposed and increasingly used in the last few years. One such technique is
diffusion-weighted (DW)-MRI, providing an evaluation of tissue cellularity and integrity of cell
membranes. Another technique is the pharmacokinetic analysis of contrast uptake, providing a quantitative
assessment of the contrast agent exchange between the vascular and interstitial compartments.
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Introduction

Breast MRI is an indispensable modality, along with mammography and US. Its main indications are staging of known
cancer, screening for breast cancer in women at increased risk, as part of the routine post-treatment follow-up, being
considered more sensitive than conventional imaging investigations in discriminating between postsurgical tissue
modifications and tumor relapse and evaluation of response to neoadjuvant chemotherapy (1).

As opposed to mammography and US, MRI is a functional technique. Heywang et al and Kaiser and Zeitler
independently introduced this technique in the 1980s. Contrast material-enhanced MRI evaluates the permeability of
blood vessels by using an intravenous contrast agent (gadolinium chelate) that shortens the local T1 time, leading to a
higher signal on T1-weighted images. The underlying principle is that neoangiogenesis leads to formation of leaky
vessels that allow for faster extravasation of contrast agents, thus leading to rapid local enhancement. Despite
improvements in the technique of breast MR, this principle is still the basis of all clinical MRI protocols. However,
most MRI protocols nowadays are multiparametric (2).

The standard breast MRI performed in clinical routine relies on both morphologic and dynamic contrast enhancement
of lesions. Advanced imaging techniques have been proposed and increasingly used in the last few years. One such
technique is diffusion-weighted (DW)-MRI, providing an evaluation of tissue cellularity and integrity of cell
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membranes. Another technique is the pharmacokinetic analysis of contrast uptake, providing a quantitative assessment
of the contrast agent exchange between the vascular and interstitial compartments (1).

Components of multiparametric breast MRI protocol:

Breast MRI has evolved from a primarily contrast-enhanced technique to a multiparametric technique, In general, the
protocol is begun with the non-contrast-enhanced acquisitions (T2-weighted and diffusion-weighted imaging [DWI]).
This is followed by a native T1-weighted acquisition and subsequently the contrast-enhanced series (ultrafast [UF]
imaging and regular T1-weighted imaging) (2).
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Figure 1. Components of the basic multiparametric breast MRI protocol (2).
Ultrafast Breast MRI:
Ultrafast MRI is a sequence developed to capture early contrast material wash-in at high temporal resolution (typically
< 6-7 seconds). An ultrafast sequence allows rapid sequential imaging within the first 2 minutes after contrast material
injection to render an early wash-in kinetic curve, as opposed to the conventional delayed washout kinetic curve (3).
Malignancies enhance both earlier and faster than benign lesions. Consequently, the first lesion that enhances in the
breast is the most suspicious. Most breast cancers start to enhance within 10 seconds after the arrival of contrast material
in the major vessels, whereas benign lesions, on average, enhance later (>15 seconds) (4).

\
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Figure 2. Conventional dynamic contrast-enhanced MRI typically acquires at least three postcontrast series to
generate a delayed kinetic curve, with the first postcontrast time point at 90-120 seconds. A washout delayed kinetic
curve (red line) is highly associated with malignancy. The initial contrast material wash-in kinetics (within the first
120 seconds), which are not available at conventional MRI, can now be acquired with ultrafast MRI (3).

Ultrafast imaging is not readily feasible with all commercially available imaging units because specific MRI coil and
sequence requirements needed to achieve diagnostic spatial resolution at high temporal resolution are not universally
available. The technique depicts early arterial enhancement highly specific for breast carcinoma (3).

Breast lesion evaluation at breast MRI

Reporting of breast MRI is standardized in the American College of Radiology Breast Imaging Reporting and Data
System (BI-RADS). A standard report contains the clinical indication, the MRI sequences and postprocessing methods
that were used, and the amount and type of contrast agent administered. Subsequently, the composition of the breast
and the amount of background parenchymal enhancement (BPE) should be stated. For both measures, a higher fraction
is associated with a higher likelihood of malignancy being present. Still, the correlation between the amount of
fibroglandular tissue, amount of BPE, and breast cancer risk in the future is incompletely understood. A higher fraction
of BPE leads to a higher risk of false-positive findings (5).

The morphologic and kinetic features of findings are divided into three main groups: focus or foci, masses, and non-
mass-like enhancements. Focus and foci are enhancements measuring less than 5mm that cannot be otherwise
specified. They are often unchanged on follow-up images and may be related to hormonal changes. They are mostly
benign, especially when multiple and symmetric. However, they should be considered malignant when they are located
in the same quadrant as an invasive breast cancer.

1. Masses are space-occupying lesions within the breast, described in terms of shape, margins, and internal
enhancement characteristics.

a. Shape. A mass can be round, oval, lobulated, or irregular, Lobulated masses are characterized by an
undulating contour, and irregular masses , show an uneven shape that cannot be characterized as round,
oval, or lobulated. The shape analysis should be performed on the early post-contrast images to avoid
washout and progressive enhancement of the surrounding breast tissue, which can impair lesion analysis.

b. Margins are described as smooth, irregular, or spiculated, For adequate margin assessment, a high spatial
resolution is required. For instance, irregular borders can appear relatively smooth when insufficient
resolution is used or when the tumour is small. On the other hand, as time elapses after contrast agent
administration, the periphery of the lesion may become more indistinct.

c. Internal enhancement characteristics have been conventionally divided into 6 types:
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1. Homogeneous enhancement is uniform throughout the mass, It can also be suggestive of a benign
process.

2. Heterogeneous enhancement is non-uniform and varies within the mass. It is more characteristic of
malignant lesions.

3. Rim enhancement is mainly concentrated at the periphery of the mass, This finding is particularly
suspicious for malignancy, being most frequently a feature of high-grade invasive ductal cancer.
However, benign findings including fat necrosis and cysts with inflammation may show rim
enhancement.

4. Non-enhanced internal septations within an enhanced lesion are characteristic of fibroadenomas,
especially when the lesion has smooth or lobulated borders. However, they are only seen in a
minority of cases; when present, masses can be considered benign with a high degree of certainty
(>95%).

5. Enhanced internal septations are usually a feature of malignant lesions, although these signs occur
less commonly.

6. Central enhancement is an enhancing nidus within a mass that is usually more pronounced than the
rest of the enhanced mass. Central enhancement has been associated with high-grade ductal cancer
and vascular breast tumours.

2. Non-masslike enhancements are areas of enhancement that do not belong to a space-occupying lesion and do not
have distinct mass characteristics. Features of non-masslike enhancement are categorized by distribution, internal
enhancement pattern, and symmetric or asymmetric enhancement:

a.

Distribution. A focal area is described in the presence of an enhancement occupying less than 25% of a
breast quadrant, showing fat or normal glandular tissue between abnormally enhanced components. This
type of enhancement may present as clumped, irregular contrast enhancement. Linear enhancement is an
enhancement that does not follow the shape of a ductal system. In contrast, ductal enhancement follows
the shape of a ductal system, pointing towards the nipple. Segmental enhancement has a conical
appearance and probably represents one or more ductal systems. Ductal and segmental distribution of
enhancement may be associated with in situ ductal cancer (DCIS) or invasive ductal cancer, atypical
ductal hyperplasia, papillary neoplasms, or sclerosing adenosis. Regional enhancement does not
correspond to a single duct system and may be within multiple ducts. Diffuse contrast enhancement is
uniform enhancement of the entire parenchyma of the breast. Regional enhancement and diffuse
enhancement are more characteristic of benign disease such as proliferative changes, although multicentric
DCIS may have this appearance (6).

il Internal enhancement patterns are homogeneous, heterogeneous, clumped, stippled or punctate, and reticular
or dendritic. Clumped refers to a cobblestonelike enhancement, with occasional confluent areas. Punctate or stippled
refers to multiple punctate foci approximately 1-2 mm in size. They are often distributed in an area of the breast that
does not usually conform to a duct. Punctate or stippled enhancement is more characteristic of benign normal variant
parenchymal enhancement or fibrocystic changes. In the reticular or dendritic pattern, the normal fat—glandular tissue
interface is lost; this finding is usually associated with inflammatory breast cancer or lymphatic involvement (7).
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Fig. 3. Axial subtracted image showing mass-enhancing lesions, with (a) round, (b) oval, (c)
lobulated, and (d) irregular shape (8).

Fig. 4. Axial subtracted image showing mass-enhancing lesion of the left breast with rim
enhancement (8).

Approximately two-thirds to three-quarters of cancers manifest as a mass, including most invasive ductal cancers; the
remainder are visible as areas of NME, including the majority of cases of DCIS. Typical malignant masses have an
irregular size and margin, heterogeneous or rim enhancement patterns, and show washout. Classic malignant areas of
NME have a segmental distribution and a clumped or clustered ring pattern of internal enhancement, While most
cancers are easily recognizable by their morphologic features alone, smaller lesions are more difficult to assess. In
general, the features of NME are less specific than those of masses. Foci have a likelihood of malignancy of 2.9%—6%

(9).
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Fig. 5. (a) Mediolateral oblique view from a screening mammogram in a 54-year-old woman shows
a small cluster of microcalcifications in the upper outer quadrant of the right breast. A detailed spot
magnification view is given in (b). Stereotactic biopsy revealed grade 2 ductal carcinoma in situ
(DCIS). (c) Maximum intensity projection from subsequent staging MRI shows a large area of
segmental clumped non-mass enhancement in the right breast, representing the actual extent of
disease (2).

On the basis of the above analysis of morphologic and kinetic features, the radiologist assigns a final assessment, or
BI-RADS score, from 0 to 6. However, unlike the Prostate Imaging Reporting and Data System, or PI-RADS, lexicon,
the BI-RADS lexicon does not provide information on the associated “likelihood of malignancy” of the individual
findings. It provides descriptor terms—not an interpretation guideline. To aid in the classification, a tree flowchart has
been developed in which a decision rule assigns the levels of suspicion to specific combinations of imaging features.
The decision tree may standardize reporting and improve the discrimination between benign and malignant lesions. It
incorporates some of the BI-RADS descriptors as well as the presence or absence of a root sign and edema. A root sign
is a spicule-like extension from the lesion margin, even when the rest of the margin is smooth; its presence strongly
increases the likelihood of malignancy. Study results show the decision tree improved the diagnostic accuracy of
inexperienced readers and reduced the number of benign findings at biopsy by more than 25% (10).

Although findings from ultrafast acquisitions and DWI have not been incorporated into the decision tree, many studies
have shown that the combination of ultrafast acquisitions, T2-weighted imaging, and DWI improves the diagnostic
accuracy of discriminating benign from malignant masses. Late and slow initial enhancement, high T2 signal, and high
ADC substantially decrease the likelihood of malignancy and may be used to avoid biopsy. In particular, ADCs greater
than 1.4 x 1073 mm?/sec are exceptionally rare in cancers. On the other hand, early and fast enhancement, a low T2
signal, the presence of edema, and a low ADC increase the level of suspicion. A specificity of 90% has been reported
with use of a multiparametric approach. BI-RADS and supplemental descriptors (11).
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Table. 1. BI-RADS and Supplemental Descriptors for the Evaluation of Lesions at Breast MRI

).

Sequence and Description

Descriptor

Terms

T1 native
Breast composition

Background signal
Lesion
Mass

Non-mass enhancement

T1 dynamic
Signal intensity vs time curve

T1 postcontrast (approximately 90 sec)/SUB

Fibroglandular tissue

Background parenchymal enhancement

Lesion type

Shape
Margin
Internal enhancement pattern

Distribution

Internal enhancement pattern

Initial enhancement (relative
enhancement at 90 sec)

Delayed phase (relative enhancement

compared with peak)

Almost entirely fatty; scattered;
hctcrogencous; extreme

Minimal; mild; moderate; marked
Focus; mass; non-mass

Round; oval; irregular

Circumscribed; irregular; spiculated

Homogeneous; heterogeneous; rim
enhancement; dark internal septations

Focal; linear; segmental; regional; multiple
regions; diffuse

Homogeneous; heterogeneous; clumped;
clustered ring

Slow, <250%: medium, 50%—100%:; fast,
=>100%

Persistent, =10% increase; plateau, —10%
to +10%:; washout, =>10% decrease

Ulrrafast
Inflow curve Time to enhancement (sec)

Maximum slope (%6/sec)

Early, <<10; intermediate, 10-15; late, >15
Slow, <26.4; intermediate, 6.4—13.3; rapid,

>13.3
T2
Lesion T2 signal intensity Signal intensity High; intermediate, low
Edema Presence Absent; perifocal; prepectoral; unilateral

diffuse; bilateral diffuse
DW1
Lesion diffusion level

ADC (mm?/sec) Very low, <0.9; low, 0.9—1.3; intermediate,

1.3-1.7; high, 1.7-2.1; very high, > 2.1

Note.—ADC = apparent diffusion coefficient, BI-RADS = Breast Imaging Reporting and Data System, DW1 = diffusion-weighted imaging,
SUB = subtraction.

BI-RADS classification of MRI of the breast
Seven categories are distinguished, whereby the categories BI-RADS 0 and BI-RADS 6 are of special significance.
The BI-RADS assessment categories 1 to 5 are used to encode the probability that an abnormality is a malignant
process; these prescribe concrete recommendations for the further course of action (12).

o BIRADS 0 = incomplete, additional imaging evaluation is needed.

e BIRADS 1 = negative, no abnormalities.

e BIRADS 2 = benign findings.

e BIRADS 3 = probably benign findings (short-term follow-up within 6 months recommended; needle biopsy
may be performed only in special cases, such as on patient request or high-risk patients).
BIRADS 4 = suspected malignancy (needle biopsy recommended).
BIRADS 5 = highly suspected malignancy (needle biopsy recommended).
e BIRADS 6 = already histologically proven cancer (typically reserved for MRI scans made for cancer staging

or in the case of neoadjuvant chemotherapy) (2).

MRI for breast cancer postoperative complications

Breast cancer is the most common malignancy in women worldwide. The introduction of mammaographic screening
programs has led to an increase in the number of breast cancer cases diagnosed at an early stage, often as non-palpable
lesions, that can be treated with breast-conserving surgery (BCS), as also described for sarcomatous breast lesions. BCS
followed by radiation treatment represents the standard of care in patients with early-stage breast cancer. Several studies
confirmed that this procedure shows equivalent survival rates (more than 20 years) compared to mastectomy. Breast
oncoplastic surgery (BOS) comprises the surgical excision of breast cancer that allows oncologically safe breast
conservation and breast remodeling, reducing postoperative deformities (13).

Local tumor recurrence is the most important issue after BOS and is directly related to the presence of residual tumor
cells in the remaining breast parenchyma. In fact, most cases of isolated local recurrence (i.e., without systemic
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metastases) usually occur in the first 2-3 years after surgery. Moreover, after surgery and radiation therapy, several
changes occur in the breast tissue which may cause difficulties in image interpretation during the follow-up period,
especially when local recurrence is suspected. Unfortunately, early postoperative MRI is affected by the strong
enhancement of resection margins in response to inflammatory postoperative reactions. Therefore, MRI is unable to
exclude possible residual tumor until at least 12-18 months after completion of breast-conserving therapy (14).
However, in the clinical setting, MRI is often used as part of the routine post-treatment follow-up, being considered
more sensitive than conventional imaging investigations in discriminating between postsurgical tissue modifications
and tumor relapse with a high negative predictive value and a sensitivity of 90-100% and a specificity of 89-92%,
preventing unnecessary biopsies. (6).

1) Fat necrosis
Breast fat necrosis (FN) is a common benign inflammatory process resulting from aseptic fat saponification. Common
causes of FN include surgery, radiotherapy, or trauma, especially in association with anticoagulation therapy. These
influences cause blood vessel rupture with subsequent activation of lipolytic enzymes. Normal adipose tissue is
composed of cells containing triglycerides. Fatty acids, released from triglycerides into the interstitial space, form a
complex with calcium, liquefying the tissue and causing aseptic fat saponification. Fat necrosis frequently occurs in the
subcutaneous fat tissue and in the subareolar region, both of which have a predominantly adipose composition (15).

A recent study by Dolan et al. compared imaging and biopsy results after BOS and breast lumpectomy. The rate of fat
necrosis after oncoplastic BCS was 18% on clinical and 15% on US examination, and 7% were confirmed by pathology,
showing that patients undergoing BOS require significantly more US examinations and subsequent biopsies than
patients undergoing lumpectomy. This was mainly due to FN developing after BOS in the majority of cases (16).

FN is usually asymptomatic; however, sometimes patients may present with a palpable mass, ecchymosis, erythema,
or skin thickening. The mammographic image is usually clear, showing a radiolucent rounded image surrounded by a
thin radiopaque rib. However, the possible presence of calcifications may lead to the suspicion of disease relapse. The
US image may also be misleading, showing an apparent hypoechoic area with blurred margins and posterior acoustic
shadowing. On MRI, FN has different presentations depending on the stage of the process. The most common MRI
image is a round or oval mass showing high signal intensity on T1-weighted non-fat-saturated images, which appears
hyperintense on T2-weighted non-fat-saturated and hypointense on fat-saturated images (17).

In particular, T1-weighted fat-suppressed sequences are helpful to differentiate fat from blood which also shows high-
signal intensity on T1-weighted images. As fat-containing lesions are extremely uncommon in malignant conditions,
the presence of fat is extremely useful for differentiating FN from a malignant lesion. A fat-fluid level may be present.
In post-contrastographic images, FN shows several degrees of enhancement, depending on the stage (acute or chronic)
of the inflammatory process. More recent lesions present with irregular contours and may have variable enhancement
surrounding the lesion, while older lesions show marked irregularity, retraction, and fibrosis, and generally do not
enhance (13).
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Fig. 6. Patient having previously undergone breast oncoplastic surgery

(BOS). a Mammaographic examination showing a typical radiolucent rounded image
surrounded by a thin radiopaque rib. b Ultrasound image documenting a hypoechoic area
with blurred margins and posterior acoustic shadowing. c, d, e Magnetic resonance
imaging findings documenting a round focal lesion with high signal intensity in T1 non-
fat-saturated sequence (c), and low intensity in T2 short tau inversion recovery (d) and
T1 fat-saturated sequence (e). The morphological and signal intensity findings are
suggestive of fat necrosis (13).

Fig. 7. Patient having recently undergone conservative surgery and radiotherapy for
cancer in the lower quadrants of the right breast. a Axial T2 short tau inversion recovery
sequence showing widespread edema of the breast and diffuse skin thickness; b post-
contrastographic image showing no pathologic enhancement (13).

2) Seroma

A seroma is a serous fluid collection that may develop in the postsurgical space after breast cancer surgery. On TI-
weighted sequence (precontrast) seroma appears as a more or less circumscribed area usually demonstrating a
hypointense signal in comparison to surrounding parenchyma. On T2-weighted sequence it appears as hyperintense
areas of fluid retention within the parenchyma. On Tl-weighted sequence (contrast-enhanced) enhancement usually
takes place in the immediate postoperative period. Seromas can form after lumpectomy, mastectomy or axillary surgery
with variable frequency. They have been described as being more common in older and obese patients. MRM is more
frequently associated with seroma formation than lumpectomy. Postsurgical seroma after MRM occurs in 20-50% of
patients compared with 9-20% of patients after lumpectomy. The use of electrocautery is associated with increased
incidence of seroma formation. Although usually self-limited and not a serious postoperative complication, a seroma
can impair healing and increase patient discomfort, particularly in mastectomy patients (18).

Surgical drains are routinely placed after mastectomy to prevent and evacuate a potential postoperative seroma.
However, there is a lack of definite data regarding the length of time a drain should remain in place. Drains are removed
when the drain output has diminished and as the skin flaps heal and adhere to the chest wall. Treatment of a seroma is
dependent on the clinical situation. If asymptomatic, seromas are often left untreated in lumpectomy patients. If
treatment is indicated, seromas can be managed with percutaneous aspiration and pressure. Postoperative seromas do
not necessarily delay adjuvant treatment.. (19).

3) Hematoma:

A hematoma is a less common postsurgical complication, with a reported incidence of 2—-10% of breast cancer surgery
cases. Hematoma is thought to originate from uncauterized vessels. The size and clinical presentation can be variable,
with smaller volume hematomas sometimes presenting clinically as skin ecchymosis, whereas larger hematomas can
be painful and necessitate surgical evacuation. Patients who consume aspirin; nonsteroidal antiinflammatory drugs; or
certain over-the-counter supplements, such as fish oil, may be at higher risk for hematoma formation as are patients
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with known bleeding diatheses. Small hematomas carry low morbidity and usually require no treatment. However,
large or rapidly developing hematomas may necessitate surgical evacuation (20).

On MRI, hematomas show variable signal intensity on T1-weighted and T2-weighted sequences depending on blood
product evolution. Postoperative hematomas may show a low-signal-intensity rim of hemosiderin on the T2-weighted
sequence high signal intensity in the fluid collection on the unenhanced T1-weighted sequence and a fluid-fluid layer
(hematocrit level). There should be no solid-tissue component or internal enhancement in a postoperative hematoma
(18).

Fig. 8. 64-year-old woman with history of breast cancer who was treated with left modified radical
mastectomy, adjuvant hormone therapy, and left chest wall radiation who presented with persistent
pain due to hematoma. Fat-saturated T2-weighted image shows hyperintense heterogeneous fluid
collection. Although not seen in this image, hematocrit level may also be seen with hematomas (At
the left). Unenhanced fat-saturated T1-weighted image shows that fluid collection has high T1
signal intensity, suggestive of hematoma (At the right) (18).

Fig. 9. 64-year-old woman with history of breast cancer who was treated with left modified
radical mastectomy, adjuvant hormone therapy, and left chest wall radiation who presented
with persistent pain due to hematoma. Contrast-enhanced fat-saturated T1-weighted image
(At the left) shows no evidence of internal enhancement of fluid collection (18).

4) Infection:

Postoperative infection manifesting as cellulitis or abscess is another potential complication of breast surgery. The rate
of postoperative infection is variable, ranging from 1% to 20%. No consistent correlation between the risk of infection
and the type of breast cancer surgery has been identified. Diabetes, obesity, older age (> 65 years), and nicotine use are
associated with an increased risk of postoperative infection. Abscess appears on Tl-weighted sequence (precontrast) as
a round, or ovoid lesion, less commonly polygonal, with hyperintense signal due to high protein content (in comparison
to the parenchyma) Usually demonstrates strong enhancement within the capsule and smooth inner walls, with no
enhancemnt uptake within fluid contents. Signs such as smooth well-defined internal wall, strong enhancement of
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surrounding tissue (indicating reactive hyperemia), the only criteria differentiating it from seroma, and intermediate
enhancement of the thickened capsule favor the diagnosis of an abscess rather than necrotic carcinoma (21).

A postsurgical infection may be complicated by abscess formation, usually within 1 to 2 weeks after surgery, presenting
as a fluctuant tender mass at the surgical site. Ultrasound evaluation is usually performed as the first imaging test at the
site of concern and may show a complex hypoechoic or isoechoic fluid collection. Mobile debris within the fluid
collection and hypervascularity of the adjacent breast tissue may also be seen. Definitive abscess management usually
requires surgical or percutaneous drainage depending on the size and clinical scenario (18).

5) Breast Edema and Skin Thickening

After BOS, breast edema and skin thickening are often found due to small vessel damage. Edema of the mammary
gland post-surgery usually occurs close to the incision area, while edema after radiation therapy usually encompasses
the entire breast. The clinical examination reveals all the signs of inflammation such as skin that is warm to the touch
and reddened, tissue stiffhess, and soreness. Skin thickening and breast edema can cause diagnostic difficulties in the
mammaographic examination because of the increase in breast density (22).

In these cases, the US image shows diffuse structural dishomogeneity and edematous imbibition, together with evidence
of skin thickening. This modification may be better evaluated through MRI on T2-weighted sequences with fat
suppression if the skin is thicker than 4 mm, and it is best appreciated when compared to the contralateral breast. No
enhancement is found after contrast administration. These alterations are more evident during the first 6 months after
radiation therapy and usually become reduced and stabilized over a 2-3-year period in the majority of patients. An
increase in skin thickening or breast edema after this period warrants further investigation, being suspicious for
inflammatory breast cancer (22).

6) Fibrosis, architectural distortion, and skin retraction

Fibrosis is a radiologic finding of the late phase after BOS. The mammographic imaging of the breast scar is usually a
focal distortion of the normal parenchymal architecture, while the US imagine may appear as an interruption of the
normal tissue together with structural alterations. On MR, fibrosis has a heterogeneous signal, appearing hypointense
on T1/T2-weighted images and showing variable degrees of enhancement in the earliest phase of the process and no
enhancement in the late phase (23).
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Fig.10. Patient having previously undergone breast oncoplastic surgery (BOS). a Axial
T2 short tau inversion recovery and b T1 non-fat-saturated image showing the surgical
scar and alteration of the surrounding parenchyma. ¢ After injection of contrast, no
enhancement of the scar is detectable (13).

Architectural distortion and skin retraction are usually the result of different processes including postsurgical scar
consolidation, FN, and severe fibrosis with disorganization of the collagen production. The typical MRI finding in the
morphologic sequences without fat suppression is a spiculated irregular tissue area associated with changes in the
contour of the skin. These alterations can mimic a malignant recurrence. The distinction is based on the dynamic
enhancement pattern on contrast-enhanced MRI (24).

Tumor recurrence

Local tumor recurrence is the relapse, after a variable period of time, of tumor cells in the original tumor site despite
surgical treatment, while regional tumor recurrence is the additional spread of the primary cancer outside the breast,
frequently involving the axillary lymph nodes. Breast cancer recurrence following conservative surgery and
radiotherapy usually occurs during the first 5 years after treatment, with a peak incidence after 2 years. The risk of local
tumor relapse in patients having undergone BOS is higher than in patients after mastectomy, in particular in
premenopausal women and in the case of an invasive cancer with an extensive intraductal component (25).

The rate of local recurrence is 2% per year. One of the most important current indications for performing an MRI study
is to distinguish, after BOS, a tumor recurrence from scar tissue, with a sensitivity of 75-100%. The sensitivity of MRI
is higher at least 12-18 months after breast surgery compared to that of mammography (35-40%). MRI is a useful tool
in the case of suspected recurrence when the conventional imaging techniques (i.e., mammography and US) are
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inconclusive or in conflict with the physical examination or other clinical indicators. Moreover, MRI is accurate in
assessing the residual tumor extent in women after lumpectomy with close or positive resection margins (26).

Some categories of patients, including those whose primary tumor was occult on mammography and those with
infiltrating lobular cancer, should undergo a follow-up course based on MRI because of concerns that ipsilateral
recurrent tumors will be difficult to detect through first-step breast investigations (i.e., mammography and US) (6).

Dynamic contrast-enhanced MRI more accurately reveals the presence, location, and extent of tumor recurrence
compared to breast US or mammography. The main advantage of MRI is the rapid contrast enhancement of malignant
lesions compared to benign postoperative breast modifications. On DWI, the tumor relapse shows diffusion restriction,
while in post-contrastgraphic sequences it presents rapid and intense contrast enhancement. In contrast, most scars does
not show diffusion restriction and does not significantly enhance. Considering the diagnostic radiologic findings, if a
suspicious enhancement is identified in the surgically treated breast gland, we believe that a core needle biopsy is
indicated to confirm the suspected recurrence before performing surgery (27).

Fig. 11. Axial T2 non-fat-saturated imaging a showing parenchymal distortion post-
surgery. b After contrast administration, a mass-like enhancement near the surgical scar is
evident, suggestive for local tumor recurrence (13).

Conclusion

Dynamic MRI appeared to be a valuable technique for differentiation of post-treatment changes from recurrent
carcinoma and for guiding the histological confirmation. Its high negative predictive value may have an impact on
follow-up of treated breast.
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