MRI-guided breast interventions
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reast MRI has been well es-
B tablished as the most sensitive

modality in breast imaging.!
However, it suffers from limited speci-
ficity, with known overlap between
the signal intensity and enhancement
characteristics of benign and malig-
nant abnormalities, often requiring tis-
sue sampling for definitive diagnosis.?
Second-look sonography is defined as
a targeted ultrasound examination that
uses lesion features such as size, mor-
phology and location gathered from the
concurrent MRI examination to evalu-
ate for a correlative ultrasound lesion.
If the MRI-detected lesion can be seen
with targeted sonography, biopsy can
be performed under ultrasound guid-
ance.>* Although the likelihood of a
lesion being malignant has been shown
to be higher if it demonstrates a sono-
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graphic correlate, reported lesion-detec-
tion rates with second-look sonography
vary in the literature.> It is important to
remember that the lack of a sonographic
correlate does not exclude malignancy.

According to the American College
of Radiology (ACR) practice guidelines,
MRI-guided breast biopsy is warranted
for suspicious lesions, or lesions highly
suggestive of malignancy (BI-RADS 4
and 5) that are mammographically and
sonographically occult or seen with cer-
tainty only on breast MRI. MRI-guided
biopsy offers a minimally invasive
alternative to surgical excision or open
surgical biopsy. Other advantages

include reduced morbidity, better cos-
metic results and decreased scarring,
with comparable accuracy. In addition,
percutaneous biopsies are more cost ef-
fective, with less time lost from the pa-
tient’s normal activities.”

MRI-guided needle localizations
provide safe and technically feasible
presurgical needle localization, par-
ticularly in cases where disease extent
is either not demonstrated or larger
than demonstrated by sonography and
mammography, and in cases of biopsy
marking clip migration or lack of clip
deployment at MRI-guided biopsy. If
a lesion is not technically amenable to
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MRI biopsy due to location or size of
the breast, MRI-guided needle localiza-
tion may be a viable alternative.’

As with other interventional proce-
dures, radiologist familiarity with the
preprocedural, procedural and postpro-
cedural protocols is key to successful
performance. This article provides a
step-by-step guide to effectively per-
forming safe and efficient MRI-guided
procedures. Per ACR guidelines, if an
institution performs breast MRI but
does not offer MRI-guided interven-
tional procedures, an arrangement is
needed with another facility to perform
the procedures without repeating the di-
agnostic MRL

Preparation, positioning and
protocols

It is imperative that the radiologist
review the diagnostic MRI prior to the
procedure. Breast positioning within the
coil during the diagnostic examination
should be noted, as it affects the per-
ceived lesion location. The precontrast,
T1-weighted images should be studied
to determine whether the lesion can be
seen prior to contrast administration. If
not, anatomic landmarks can help deter-
mine lesion accessibility. Several mea-
surements should be acquired before

the procedure, including depth of the
lesion and its distance from the nipple,
both superior or inferior, and medial or
lateral. The decision to access medially
or laterally depends on how much tissue
would be traversed. The best option is
the shortest distance to the lesion; how-
ever, this is sometimes not possible due
to anatomic barriers (Figure 1). Prior
images should also be reviewed to de-
termine if the patient has other biopsy
clips present.

MRI-guided biopsies can be daunt-
ing procedures for patients; clear com-
munication is necessary to help ease
anxiety. A patient with known claustro-
phobia may benefit from an anxiolytic
prescribed by the referring physician.
It is also vital to stress the importance
of minimizing motion to avoid reposi-
tioning and a longer procedural time.®
Obtaining informed consent involves
asking general biopsy questions, such
as prior reactions to lidocaine, a history
of bleeding disorders and/or antico-
agulation, as well as the standard risks
including pain, bruising, bleeding and
infection, and the possibility of scar-
ring. The patient should be informed of
the need for biopsy-marking clip place-
ment and a post-biopsy mammogram.
There are questions and protocols spe-
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FIGURE 1. Axial and sagittal contrast-enhanced images obtained from a diagnostic MRI to evaluate for disease extent demonstrate a suspi-
cious, irregular, enhancing 6-mm mass at the 12 o’clock position of the left breast. (A) Measuring the distance posterior to the nipple and
superior or inferior to the nipple can help estimate whether the lesion is accessible within the immobilization positioning device on the day of the
procedure. (B) Measuring the distance from the skin surface can help decide between medial and lateral access.

cific to MRI that should be addressed,
including confirming the patient is not
breastfeeding or pregnant, evaluating for
renal issues by checking the glomerular
filtration rate before image acquisition,
ensuring MRI clearance (eg, absence of
metallic implants, aneurysm clip/pace-
makers) and no prior history of gadolin-
ium allergy. The patient should be made
aware of the possibilities that the target
lesion may not be visualized or may be
inaccessible, as in the setting of lesions in
close proximity to the pectoralis muscle
or near the nipple or skin.?

After obtaining informed consent and
intravenous access, the patient should
be offered earplugs and placed in the
prone position. The affected breast or
both breasts, in the case of bilateral biop-
sies, are positioned within the dedicated
breast coil. The breast(s) are stabilized
with moderate compression and a posi-
tioning device that attaches to the coil.’
Either a grid system or a pillar-and-
post system can be used (Figure 2). We
will focus on the grid system, as this is
routinely used at our institution. The
grid system utilizes a matrix of uni-
form squares. Determining the level of
compression needed is a balancing act
between patient comfort and immobil-
ity. Compression minimizes motion;
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FIGURE 3. Fiducial marker (Invivo Corp.) placed within the

intense on T1-weighted sequences.

however, too much can prevent contrast
flow and limit lesion visibility. Snow-
plowing, which occurs when the targeted
lesion and the more proximal tissues are
displaced rather than dissected, as well
as skin tenting, are less likely with appro-
priate compression. '°

Optimal positioning within the breast
coil is key to success. Posteriorly and
medially located lesions can be chal-
lenging. A pad on the biopsy table of-
fers more comfort; however, it can
limit access to more posterior tissue.
Arm positioning is also an important
consideration. The arms-down posi-
tion allows more posterior tissue to be

FIGURE 4. MRI biopsy kit with a coaxial system (ATEC Introducer Localization
grid helps with targeting and orientation, appearing hyper- Set, Hologic, Bedford, MA). Top center: Plastic obturator inner component. Top

right: Needle guide. Middle row, center: Outer component of the coaxial system
with the introducer sheath, which has depth gradations and a mobile depth marker.
Bottom row: Metallic, cutting introducer stylet inner component.

included in the coil while the arms-up
position removes the pectoralis from
the grid, making lesions close to the
muscle more easily accessible.® Prone,
oblique positioning may help with ac-
cess to the posterior tissues and axillary
tail. For medially located lesions, lateral
access from same breast may be easier
for access. The breast can be rolled to
place the lesion in a more lateral posi-
tion. Placing the grid on both sides can
be helpful if the feasibility of medial
access is unclear. Anterior lesions can
be challenging, as access can be dif-
ficult in the periareolar region. Once
the patient is positioned, the operator

should use the distances from the nipple
as measured on the diagnostic MRI, as
well as anatomic landmarks (such as a
prior lumpectomy or biopsy scar on the
skin) to estimate whether the lesion will
be within the positioning device prior to
image acquisition.

A fiducial marker, which is visible on
T1-weighted sequences, helps to make
finding the lesion for targeting (Figure
3) easier. Many grids have standard lo-
cations for the fiducials; for those that
don’t, the operator should try to avoid
placing the fiducial at the biopsy site.
Bilateral fiducials should be placed for
bilateral biopsies. If the access is not
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the guide.

A

FIGURE 5. (A, B) Using a grid system (Invivo Corp.), the needle guide fits within one of the squares and the coaxial system fits into a tunnel in
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FIGURE 6. Using computer-aided detection software to localize a lesion (DynaCAD, Invivo
Corp.). Note the depth at the bottom left of the image. Depth should be checked with the cal-
culated depth on the diagnostic MRI. It helps to print a sheet such as this and bring it to the
biopsy area. Note the fiducial in a standard location on this grid.

yet determined and medial and lateral
grids are placed, then fiducials should
be placed within each grid.

The procedural MRI protocol should
consist of pre- and postcontrast T1-
weighted, fat-saturated sequences in the
axial and sagittal planes. If the lesion is
believed to not be accessible on the pre-
contrast examination, the patient should
be repositioned before intravenous
administration of a gadolinium-based
contrast agent (GBCA). Per the ACR,
GBCAs should be administered intra-
venously as a bolus with standard dos-
ing by weight of 0.1 mmol/kg followed
by a saline flush of at least 10 ml.”

Equipment and lesion targeting
When preparing for the biopsy,
speed and organization are paramount.

Real-time access to the diagnostic
MRI images allows the operator to
quickly check lesion location and re-
gional landmarks. A prepared biopsy
tray should be easily accessible. The
essentials of an MRI-guided biopsy kit
consist of a coaxial system that is MR-
compatible; a plastic introducer sheath
with depth gradation, and a mobile
depth marker. The inner component
is either a metallic, sharp, introducer
stylet or an interchangeable plastic ob-
turator (Figure 4). With a grid system,
a needle guide, composed of multiple
short tunnels is used to keep the system
parallel to the chest wall. The guide
snugly fits into one of the squares in
the grid, and the coaxial system fits
into one of the tunnels in the needle
guide (Figure 5).3

The operator should understand the
type of the needle being used. Elements
to note include the needle gauge and size
of the tissue-receiving aperture device. It
is important to know if the tip is a bev-
eled edge or blunt, as the latter may be
more optimal for sampling superficial
areas, or anterior areas near the areola.

The images are sent to a worksta-
tion where computer-aided detection
localization software can be utilized;
the T1 hyperintense fuducial marker is
needed for orientation. The coil, side
and biopsy device will then be selected.
Crosshairs will be placed on the lesion
in both the sagittal and axial plane and
then the location and depth are calcu-
lated. For a grid system, the particu-
lar square to access and the exact hole
within the needle guide is calculated
(Figure 6).8

Manual localization can also be per-
formed for a grid system utilizing the
axial and sagittal imaging. It is impor-
tant to know how to perform manual
localization in case the CAD localiza-
tion software malfunctions. Calculate
the estimated depth from the sagittal
images by multiplying the number of
slices from the skin surface to the le-
sion by the slice thickness. By placing
a cursor over the lesion in the sagittal
plane and scrolling back to the grid, the
appropriate square within the grid and
the appropriate tunnel within the needle
guide can be determined. The lesion
location relative to the fiducial is help-
ful for localization. If axial imaging is
used, the depth of the lesion to the skin
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FIGURE 8. (A,B) Axial and sagittal contrast-enhanced images from the MRI-guided biopsy of the lesion shown in Figure 1 demonstrate the
obturator has been placed slightly anterior to the lesion. Therefore, biopsying toward the patient’s chest wall, or centered at the 12 o’clock posi-
tion relative to the grid, is recommended. Note that a second suspicious mass biopsied the same day can be seen anteriorly on the sagittal

plane.

should be calculated, but it important to
remember that the 2 cm of thickness of
the needle block should be also consid-
ered in the calculation.!!

Procedure
Once a biopsy target has been identi-
fied, the biopsy can be started. Protective
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eyewear for the operator should be con-
sidered. The biopsy area is first cleaned
with appropriate sterile technique. 1%
lidocaine can be used for the skin with
1% lidocaine with epinephrine used for
deeper tissue, unless there are contrain-
dications to the use of epinephrine. The
operator should remember to check for

bubbles in the syringe, as this can cause
artifact on the MRI images.®

The coaxial system is then positioned
and advanced to the desired depth, using
the metallic cutting stylet as the inner
compartment of the coaxial system. A
scalpel can be used to make an incision
prior to advancing the metallic cutting
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stylet. At our institution, we usually do
not use a scalpel unless there is signifi-
cant skin tenting. A push-twist motion
during insertion of the stylet, as well as
a liberal dose of anesthetic early in the
procedure, may decrease the possibil-
ity of snow-plowing.® Once at the ap-
propriate depth, the cutting stylet can
be exchanged for the obturator. Image
acquisitions in both the axial and sagittal
plan are obtained. The optimal position
of the tip of the obturator is at the center
of the lesion (Figure 7). If the tip is at the
biopsy location but not centered, direc-
tional sampling can be performed. Note:
The clock face in an MRI-guided biopsy
is relative to the grid.!? If the patient is
oriented head first in the MRI scanner,
the 12 o’clock position is towards the
chest wall, 6 o’clock is towards the nip-
ple, 3 o’clock toward the patient’s head
and 9 o’clock toward the patient’s feet.
If the obturator is anterior to the lesion
on the sagittal plane, the operator would
want to obtain most samples with the ap-
erture directed toward the patient’s chest
wall, or centered at the 12 o’clock posi-
tion (Figure 8) with samples between
the 9 o’clock and 3 o’clock positions
(clockwise).

The vacuum-assisted biopsy is a very
effective sampling device for MRI.?
Note that the vacuum console is not
MR-compatible, and that only the foot-
pedal and biopsy driver can be brought
into the MRI suite.!" Beginning with
six samples is reasonable. Axial and
sagittal post-biopsy sequences can be
used to determine if additional samples
are necessary. The samples should be
inspected by the operator to determine

FIGURE 9. (A) MRI wire-localizing assembly
including the needle block and a single hook wire
assembly (Invivo Corp.).(B,C) Axial and sagittal
CE images demonstrate a two-site, MRI-guided
needle localization in a case of clip migration and
document disease extent. Linear susceptibility
artifact can be seen on the axial image for one of
the wires and for both on the sagittal image. (D, E)
Post- procedural mammogram in the craniocaudal
and mediolateral (ML) projections demonstrate
the 2 needle-localization wires deployed within
the breast. The ribbon clip is from a prior benign
biopsy. Note the displaced bar-shaped clip on the
ML view.
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if fibroglandular tissue is present. Once
the samples are deemed adequate, an
MR-compatible biopsy-marking clip
should be placed. Additional images
after clip placement can be obtained;
however, post-biopsy changes limit vi-
sualization of the clip. At our institution
post-clip MRI images are not usually
obtained.

Procedural efficiency is imperative
as lesions may washout, making them
difficult to identify on more delayed
sequences. A reasonable estimate for
an MRI biopsy is 20-30 minutes; lon-
ger times may prevent adequate lesion
visualization. Additionally, the longer
the time, the more the patient is prone
to move, potentially compromising the
biopsy.

When sampling more than one le-
sion, the calculations for all lesions
should be done at the same time. If pos-
sible, the obturators should be placed
prior to the next imaging. The more sus-
picious lesion, which washes out first,
should be biopsied first.

In cases of lesion non-visualization,
delayed postcontrast images should be
obtained in both the axial and sagittal
planes. Subtraction imaging and re-
duction in compression can facilitate
lesion visualization.® If the lesion is
not identified, and the biopsy is can-
celed, then short-term follow up MRI
is recommended.'?

The steps are similar for MRI-guided
localization with the exception of addi-
tional equipment, including MR- com-
patible needle localization wires (single
or double hook) and a specific block for
the needle localization wire (Figure 9).
The lesion is identified and a hollow
needle with a loaded wire is placed at
the targeted depth. The position is con-
firmed and the wire is deployed into the
lesion. The wire location can be evalu-
ated on MRI sequences, seen as a linear
susceptibility artifact. As with local-
izations in other modalities, the wire is
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then secured in place on the skin to pre-
vent displacement. !4

Compression should be administered
as soon as the biopsy system and grid are
removed to minimize hematoma forma-
tion. This compression should be main-
tained as the patient transitions onto the
cart from the prone to supine position.
Appropriate compression should be ap-
plied for at least 10-15 minutes. A post-
biopsy mammogram is performed. If
a hematoma has formed and the patient
does not have a supportive bra, an ACE
bandage can be considered.

Radiology-pathology concordance

Studies have shown higher discor-
dance rates in MRI-guided biopsies
compared with stereotactically or so-
nographically guided biopsies (7% and
3%, respectively). It is thought that this
may be due to missed targets in some
cases. It is often difficult to confirm ap-
propriate lesion sampling on the post-
procedural MRI secondary to target
washout and post-biopsy changes. In
addition, the lesions only enhance in
vivo, making it difficult to confirm the
target within the specimen.'® Thus, ac-
curate identification of the target early
in the procedure is of upmost impor-
tance for confident pathology concor-
dance. Careful radiologic-pathology
correlation is necessary, perhaps in a
multidisciplinary setting if available.
Short-term interval follow-up MRI has
been described in the literature and can
be considered in the setting of benign
concordant biopsies.'?

Conclusion

Being able to successfully perform
MRI-guided interventions is integral
to a breast imaging program. Dili-
gence in preparation, positioning and
prebiopsy targeting are imperative
for adequate sampling and radiology-
pathology concordance. Speed and
precision are keys to success. An orga-

nized biopsy tray, as well as familiarity
with the equipment and the techniques
outlined in this article, can help with a
safe and efficient procedure.
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