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Purpose: To evaluate the degree of error of the authors’ magnetic
resonance (MR) imaging–guided needle localization sys-
tem for biopsy of suspicious lesions visualized only with
MR imaging, by using both prospectively recorded and
retrospectively reviewed data, including MR imaging le-
sion coordinates as the reference standard, and to deter-
mine whether any lesion or breast characteristics affect
this error.

Materials and
Methods:

Institutional review board approval, along with informed
consent, was obtained as directed by the board. In 31
patients (age range, 34–64 years; mean age, 54.5 years),
38 wires were placed for 35 lesions by means of an MR-
guided needle localization system with medial or lateral
access and computer software assistance for needle place-
ment calculation. Needle and wire placement error mea-
surements were calculated before and after necessary
placement correction, accounting for tissue shift in the z
plane. The error was statistically correlated with MR imag-
ing lesion variables, breast density, and histopathologic
findings by means of univariate and multivariate linear
regression analyses or two-tailed paired t test. Procedure
times and the frequency of medial or lateral approaches
were recorded.

Results: Eleven of 35 localizations (31%) were medial, and 24 of 35
(69%) were lateral. The mean total magnet time was 61.6
minutes, and the mean needle deployment time was 9
minutes (range, 4–17 minutes). Sixteen of 35 lesions
(46%) were malignant (seven ductal carcinoma in situ, six
invasive ductal, two invasive lobular, and one lymphoma).
The mean uncorrected needle placement error was 1.3
mm (range, 0–6 mm) for the x plane, 2.4 mm (range,
0–6.5 mm) for the y plane, and 5.6 mm (range, 0–15.6
mm) for the z plane. Fourteen of 38 needles (37%) re-
quired repositioning for z-plane error. The corrected z-
plane error improved to 3.2 mm (range, 0–10.0 mm).
Factors that significantly increased the uncorrected error
included tissue shift in the z plane (R � 0.7), small lesion
size (R � �0.59), and fatty breast density (P � .029).

Conclusion: The authors’ system is accurate for performing MR-guided
needle localizations for both medial and lateral ap-
proaches. Factors that increased the uncorrected needle
placement error included small lesion size, fatty breast
density, and tissue shift in the z plane.
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There are many clinical applications
of breast magnetic (MR) reso-
nance imaging in the evaluation of

breast cancer, including preoperative
assessment of the extent of disease,
screening of the contralateral breast in
women with known cancer, a problem-
solving complement to conventional im-
aging with mammography and ultra-
sonography (US), and screening of high-
risk women (1). A standard approach to
work-up of a Breast Imaging Reporting
and Data System (BI-RADS) category
4–5 lesion detected with MR imaging is
to review the standard mammograms
again, possibly obtain additional mam-
mographic views, and perform targeted
second-look US in an attempt to identify
the lesion. If the lesion is visualized with
another modality, this would allow a
standard means of biopsy guidance (2).
However, cancers that are truly visible
only at MR imaging are detected in
14%–35% of patients examined with
breast MR imaging for a variety of indi-
cations (2,3). The reported sensitivities
of MR imaging for detecting malignancy
are high. For invasive carcinoma, sensi-
tivities range from 81% to 100% for
screening and diagnostic settings. For
ductal carcinoma in situ, they are more
variable, ranging from 40% to 100% (4–
12). For invasive carcinoma, the sensi-
tivity of MR imaging is higher than that
reported for mammography and US,
making it a desirable addition to avail-
able conventional imaging. As with
mammography and US, however, the
reported specificities are variable, rang-
ing from 30% to 83% (13–19), necessi-
tating a means of tissue sampling and
pathologic assessment.

Cancers detected only with MR im-
aging can be small lesions to target for
biopsy, with reported sizes of invasive
cancers detected at screening MR imag-
ing as small as 0.1 cm (1). It can be
challenging to perform accurate biop-
sies of these lesions. There are well-
established means to perform percuta-
neous biopsy or localization and surgical
biopsy with conventional mammo-
graphic or US guidance. The reported
experience with MR-guided techniques
is limited but increasing (3,20–33). Sev-
eral issues are unique to MR-guided

needle localizations and biopsies, in-
cluding limited access to the entire
breast (most available systems provide
lateral access to the breast and reduced
access near the chest wall), limits on
procedure time due to limited MR imag-
ing resources, and the brief interval be-
fore washout of lesion enhancement or
obscuring by background parenchymal
enhancement for many lesions.

While the accuracy of needle and
wire placement is important with any
means of guidance, it is particularly im-
portant for MR-guided procedures. This
is because lesion retrieval cannot be
verified with radiography of the lumpec-
tomy specimen, as the lesion is most
often visible only in vivo after intrave-
nous administration of gadolinium-
based contrast material.

The purpose of our study was to
evaluate the degree of error of our MR-
guided needle localization system for bi-
opsy of suspicious lesions visualized
only with MR imaging, by using both
prospectively recorded and retrospec-
tively reviewed data, including lesion
MR imaging coordinates as the refer-
ence standard, and to determine
whether any lesion or breast character-
istics affect this error.

Materials and Methods

Patients
Our institutional review board ap-
proved both the retrospective review of
the patient’s images and records and
the prospective collection of data at the
time of MR-guided localization. Patient
informed consent was obtained for use
of the localization system, but the insti-
tutional review board did not require
patient consent for the retrospective re-
view of data. MR-guided needle localiza-
tions were recommended for 37 lesions
in 33 patients and were performed for
35 lesions in 31 patients, who formed
the final patient group. The mean pa-
tient age was 54.5 years (range, 34–64
years).

One patient required repeated lo-
calization on a second date for the same
lesion that was missed at the initial sur-
gery, therefore requiring two wires

placed for the same lesion. Two of the
original 33 patients (6.1%) for whom
localization was recommended had a
nonenhancing lesion on the date of the
procedure. These localizations were
therefore cancelled, decreasing the final
patient population to 31. Two of the 35
lesions included in our study were
bracketed with two wires, for a total of
38 wires placed.

The majority of patients (28 of 31
patients [90%]) underwent initial MR
imaging for screening as high-risk pa-
tients. These included 18 patients par-
ticipating in an ongoing study evaluating
MR imaging for screening due to a
known BRCA1 or BRCA2 genetic muta-
tion or as a first-degree relative of a
known mutation carrier (4,34), five pa-
tients with a personal history of breast
cancer, four patients with a very strong
family history of breast or ovarian can-
cer, and one patient with a high-risk
marker at prior biopsy and an associ-
ated family history. Of the remaining
three patients (9.7%), two were exam-
ined with MR imaging as a problem-
solving complement to conventional im-
aging with mammography and US and
one was examined to determine the pre-
operative extent of disease. In all three
patients, MR imaging depicted an addi-
tional lesion that had been occult at con-
ventional imaging (atypical ductal hy-
perplasia in two patients, lymphoma in
one patient).
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Diagnostic Breast MR Imaging Technique
and Interpretation
Bilateral breast MR imaging was per-
formed in the sagittal plane, according
to one of two techniques, with a 1.5-T
system (Signa; GE Medical Systems,
Milwaukee, Wis). The most frequently
used protocol (used for 22 of 31 patients
[71%]) was performed on our research
MR system with specialized breast coils
and bilateral imaging pulse sequences
that were available only on our research
magnet. The second protocol was per-
formed on our clinical system with
commercially available breast surface
coils (MRI Devices, Waukesha, Wis)
and pulse sequences. The coils and
pulse sequences used on the research
system have been previously described
(4,34,35); they include a phased-array
bilateral breast coil and a slab-inter-
leaved bilateral pulse sequence, similar
to that described by Greenman et al
(36). Follow-up MR imaging at high
temporal and spatial resolution was
later performed for all BI-RADS cate-
gory 0 and 3–5 lesions (37). This pro-
tocol has also been previously described
(4,34).

The second bilateral sequential
sagittal MR imaging protocol used
(nine of 31 patients [29%]) included a
multiplanar localizing sequence—T1-
weighted two-dimensional fast spoiled
gradient-recalled (SPGR)—followed by
sagittal fat-suppressed T2-weighted
fast spin-echo (4000–6000/85 [repeti-
tion time msec/echo time msec]) and
T1-weighted three-dimensional SPGR
with spectral inversion at lipid, or
SPECIAL (8.8/4.2; flip angle, 10°), se-
quences performed before and three
times after a rapid bolus intravenous
injection of 0.1 mmol/L of gadodi-
amide (Omniscan; Amersham Health,
Oakville, Ontario, Canada). Each vol-
umetric acquisition was performed in
less than 2 minutes. Section thickness
was 2–3 mm, without a gap and with a
256 � 192 matrix and a 16–20-cm
field of view. Precontrast images were
subtracted from postcontrast images.

MR images were interpreted on a
picture archiving and communication
system (Impax; AGFA, Toronto, On-
tario, Canada) by one of three breast

imaging specialists (P.A.C., R.A.J.,
B.N.C.), who had 3, 2.5, and 1 year of
breast MR imaging experience, respec-
tively. Interpretation included use of es-
tablished BI-RADS criteria, which were
based on lesion morphologic and en-
hancement characteristics (37). Our
study included only those patients who
had an MR imaging–detected BI-RADS
4 or 5 lesion with no mammographic or
sonographic correlate. This conven-
tional imaging included targeted, sec-
ond-look US with possible additional
mammographic work-up.

MR Imaging–guided Needle Localization
Procedure
The localizations were performed by
one of two radiologists (P.A.C., R.A.J.)
with a system designed at our institu-
tion, which features a fundamental re-
design of the MR imaging bed and coil
system that allows both lateral and me-

dial approaches (Fig 1). MR-guided nee-
dle positioning was accomplished with a
device that supports two fenestrated
plates (6 � 8 array of rectangular 5/8-
inch apertures) that provided mediolat-
eral compression of the breast. Fine
needle positioning within these fenes-
trations was performed by using guide
plugs. An array of drilled guide holes in
these plugs provided a means of deliver-
ing a needle into the breast through a
finite number of positions (2.5-mm cen-
ters for 20-gauge needles) (Fig 1). A
pair of MR-visible fiducial markers was
positioned at known locations relative
to the fenestrations. Imaging was
achieved with a pair of phased-array
MR coils attached to the compression
plates. The location of the lesion was
determined from the MR imaging coor-
dinates of the enhancing lesion relative
to the fiducial markers. A computer
program was used to help locate the

Figure 1

Figure 1: Breast MR imaging localization device. (a) Patient positioned prone on the MR imaging bed with
coil and medial or lateral access grid localization device for lateral approach localization. (b) Medial and
(c) lateral access views of the grid and needle guides with needle placement. (d) Computer software interface
for calculation of needle trajectory from a medial or lateral approach.
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appropriate fenestration, guide hole,
and needle insertion depth to intercept
the lesion of interest on the basis of the
location of the fiducial markers and the
lesion location on the MR images
(Fig 1).

For each procedure, the breast was
cleansed with chlorhexidine 0.5%
(Laboratoire Atlas, Montreal, Quebec,
Canada). The patient was positioned
prone, and her breast was placed within
the sterile grid localizing device; a ster-
ile technique was used.

MR imaging was then performed.
Localizer images were initially obtained
in all patients to determine the coordi-
nates of the fiducial markers. Only data
from the phase-encoding direction were
used, to overcome spatial distortion due
to perturbations to the main magnetic
field of the imaging system caused by
magnetic susceptibility variations aris-
ing from the presence of the patient and
apparatus in the imaging volume. Imag-
ing included transverse localizer and
coronal sequences and an additional
coronal localizer sequence with the fre-
quency and phase directions swapped.

Sagittal images were then obtained,
with the choice of protocol dependent
on how the lesion was best visualized at
the diagnostic MR study. If a lesion was
best seen with high-spatial-resolution
imaging, three-dimensional SPGR T1-
weighted fat-suppressed imaging was
performed before and after gadolinium
enhancement (imaging parameters pro-
vided above) until the enhancing lesion
was visualized. If a lesion was best seen
with a high-temporal-resolution proto-
col, two-dimensional SPGR T1-weighted
fat-suppressed imaging was performed
before and after administration of con-
trast material (parameters described
earlier), again until the lesion was visu-
alized (Fig 2).

A set of transverse fat-suppressed
two-dimensional SPGR T1-weighted im-
ages (150/4.2; flip angle, 50°) was ob-
tained through the region of the lesion
(Fig 2). Each acquisition was obtained
in 20 seconds. The section thickness
was 2.5 mm, without a gap and with a
256 � 128 matrix and an 18-cm field of
view. The coordinates of the lesion
were determined by placing a cursor

over the lesion at the MR monitor, and
the values were entered into the com-
puter program. The computer program
calculated the needle trajectory, includ-
ing the grid coordinate, needle guide
fenestration, and needle insertion
depth. The computer program calcu-
lated the targeted depth 1 cm beyond
the lesion to allow final wire position at
that depth.

The patient was withdrawn from the
magnet, and the skin was again
cleansed with chlorhexidine 0.5%. The
needle guide was inserted into the ap-
propriate grid hole, and the skin and
subcutaneous tissue were locally anes-
thetized with 1–2 mL of 1% lidocaine
hydrochloride (Abbott Laboratories,
Chicago, Ill). The MR-compatible nee-
dle and hookwire (20-gauge MRI Com-
patible Lesion Marking System with
Wire, EZ-EM, Westbury, NY; MReye
Modified Disp Spring Hook Localization
Needle, Cook, Bloomington, Ind) were
inserted into the calculated grid hole
and fenestration of the needle guide to
the appropriate depth.

The patient was placed back in the
magnet, and both sagittal and trans-
verse images were obtained with the
needle in place (Fig 2). To confirm accu-
rate needle placement, the position of
the needle with respect to the lesion
was visually assessed, and the needle tip
placement was compared with the ini-
tial lesion coordinates. For most pa-
tients, any variation of 5 mm or more
required repositioning of the needle,
depending on the size of the lesion tar-
geted. Due to needle artifact as large as
8 mm in diameter in the sagittal plane,
small lesions of about this size were of-
ten obscured. The blooming artifact of
the needle and wire tip was also com-
pensated for to establish their true posi-
tions in the breast.

Alternatively, some lesions that en-
hanced and then had rapid enhance-
ment washout were not directly visual-
ized. In such cases, the initial lesion co-
ordinates and surrounding anatomic
tissue interface landmarks were com-
pared to identify tissue shift after needle
insertion. After the patient was re-
moved from the magnet, any necessary
needle adjustments were made to ac-

count for these factors, and the wire
was deployed. A final set of transverse
images was obtained through the region
of the lesion and wire. For the last five
of 31 patients (16%), a final set of trans-
verse images was obtained after release
of the mild mediolateral compression,
because of the recognized “accordion ef-
fect” (28,38) and subsequent risk of the
wire backing out.

After localization, the wire was se-
cured to the skin with tape, and two-
view mammograms were obtained. The
mammograms were labeled to serve as
a road map for the surgeon, and they,
along with a written procedure note,
were taken to the operating room with
the patient.

Data and Statistical Analyses
One imaging researcher (C.A.P.) pro-
spectively collected a record of data,
including use of medial versus lateral
approach, the fiducial and lesion MR
imaging coordinates, the presence and
value of tissue shift measurements after
needle placement, the visibility of the
lesion with the needle and wire in place,
and wire placement coordinates for
each localization. The procedure time,
including the total magnet time required
for each procedure and each step of the
procedure, was prospectively recorded
as follows: MR imaging table setup, pa-
tient preparation, MR imaging, needle
and wire placement, and patient re-
moval from the magnet room.

The MR images for each initial diag-
nostic MR imaging study and localiza-
tion procedure were retrospectively
reviewed by one breast radiologist
(P.A.C.). Lesion characteristics, includ-
ing morphologic type (mass vs nonmass
lesion), and enhancement characteris-
tics, including degree of initial enhance-
ment and delayed pattern of enhance-
ment, were evaluated according to es-
tablished BI-RADS criteria (37). Lesion
size and depth in the breast from the
closest medial or lateral skin surface
were also determined. Preoperative
and post–needle localization mammo-
grams were also retrospectively as-
sessed for breast density, both overall
and localized to the area surrounding
the lesion, and categorized according to
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BI-RADS criteria by the same breast ra-
diologist (37). Lesion pathologic find-
ings were determined from surgical pa-
thology reports and were categorized
as benign, malignant, or a high-risk

marker. All patients, except those who
underwent bilateral mastectomy after
localization (six of 31 patients [19%]),
underwent follow-up MR imaging to en-
sure the lesion was excised. MR imaging

lesion characteristics and breast density
were evaluated according to histopatho-
logic findings, and the number of missed
lesions was determined.

Needle and wire placement error

Figure 2

Figure 2: MR images in 62-year-old woman with findings positive for BRCA1 and a lesion in the left breast
detected at screening and visible only at MR imaging. (a) Transverse MR localizer image with fiducial markers
(arrows). (b) Sagittal T1-weighted fat-suppressed two-dimensional SPGR image with contrast enhancement
(150/4.2; flip angle, 50°) shows a 6-mm nonmass lesion with linear enhancement (arrow). (c) Transverse T1-
weighted fat-suppressed two-dimensional SPGR image through the lesion (arrow). (d) Sagittal and (e) trans-
verse images obtained with the same parameters after needle insertion from a lateral approach through the ante-
rior aspect of the lesion (arrows indicate wire artifact). (f, g) Transverse images with the wire deployed through
the lesion (arrow) (f) without and (g) with release of mediolateral compression. Histopathologic analysis re-
vealed infiltrating ductal carcinoma.
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measurements for both the x (superoin-
ferior) and y (anteroposterior) planes
were calculated from the sagittal MR
images by determining the difference in
the needle and wire placements and the
initially targeted lesion position coordi-
nates. The reference standard was the
lesion MR coordinates after needle and
wire placement, if the lesion was visual-
ized with the needle or wire in place, or
the original lesion coordinates from the
localizing enhanced MR images, if the
lesion was not visible with the needle
and wire in place.

The error measurement for the
transverse or z plane (through plane)
was similarly calculated. The reference
standard was either the lesion MR coor-
dinates, used when the lesion was visi-
ble with the needle and wire in place, or
the initial lesion coordinates, used when
the lesion was not visualized after nee-
dle and wire placement. A tissue shift
measurement was added for the latter
group when a tissue shift was present.
Once the appropriate MR coordinates
for each procedure were determined,

10 mm was added to account for the
final desired placement of the wire be-
yond the lesion, and those MR coordi-
nates were compared with the tip of the
needle or wire artifact. The measure-
ment of either the needle artifact or the
wire artifact was also taken into account
for the needle and wire coordinate val-
ues. The number of repositioned nee-
dles and the error measurements of
these needle placement corrections
were also determined. The uncorrected
needle and final wire placement error
measurements were compared with the
corrected values.

All statistical calculations, including
those made by using univariate and multi-
variate linear regression analyses and the
Student t test, were performed with soft-
ware (Excel 2002; Microsoft, Redmond,
Wash). Both the uncorrected and the
corrected needle and wire placement er-
ror measurements were individually cor-
related with the MR imaging lesion vari-
ables of lesion size and lesion depth and
with the tissue shift measurement. Linear
regression analysis was used to deter-

mine the strength of the relationship be-
tween accuracy and these continuous
variables. The strength of this relation-
ship was defined by using R values and
analyzed with both univariate and multi-
variate linear regression analyses.

To address the possibility that motion
in the sagittal x or y plane was associated
with motion in the transverse z plane, the
z-error measurement was decorrelated
from the x or y plane error by means of
linear detrending performed with Excel.
A two-tailed paired t test was used to
correlate error measurements with lesion
variables, including morphologic type
(mass vs nonmass), enhancement charac-
teristics, medial versus lateral approach,
breast density at mammography, and
pathologic diagnosis (malignant vs be-
nign). The variables were sorted accord-
ing to each of these criteria and then com-
pared with determine whether they were
statistically significant. In all statistical cal-
culations, P values less than .05 were con-
sidered to denote statistical significance.

Results

Procedures
Localizations were performed between
July 1999 and December 2003. The
mean total magnet time, from the pre-
procedure setup to the time the patient
exited the MR suite, was 62 minutes
(range, 45–80 minutes). The mean lo-
calization time, from the moment the
lesion was visualized at the console to
the moment when the final wire place-
ment was confirmed, was 9.0 minutes
(range, 4–17 minutes). For five pa-
tients, two wires were placed, with a
mean time of 11.7 minutes (range, 8–17
minutes) for both wires. This compares
with a mean of 7.5 minutes (range,
4–15 minutes) to place a single wire in
the remaining 28 patients. Eleven of 35
lesions (31%) were localized from a me-
dial approach, and 24 (69%) were local-
ized from a lateral approach. There
were no complications related to the
procedure.

Lesion Characteristics
The mean lesion size was 12.4 mm
(range, 4–35 mm), and the mean lesion

Table 1

MR Imaging Lesion and Breast Density Characteristics according to Histopathologic
Findings

Characteristic Total (n � 35) Malignant (n � 16) Benign (n � 16) High-Risk Marker (n � 3)

Morphologic type
Mass 20 (57) 10 (63) 8 (50) 2 (67)
Nonmass 15 (43) 6 (38) 8 (50) 1 (33)

Early enhancement
Mild 5 (14) 0 (0) 5 (31) 0 (0)
Moderate 16 (46) 10 (63) 4 (25) 2 (67)
Marked 14 (40) 6 (38) 7 (44) 1 (33)

Delayed enhancement
Persistent 11 (31) 4 (25) 6 (38) 1 (33)
Plateau 12 (34) 5 (31) 6 (38) 1 (33)
Washout 12 (34) 7 (45) 4 (25) 1 (33)

Overall density
Fatty 9 (26) 3 (19) 5 (31) 1 (33)
Scattered fibroglandular 8 (23) 6 (38) 2 (13) 0 (0)
Heterogeneously dense 11 (31) 4 (25) 6 (38) 1 (33)
Dense 7 (20) 3 (19) 3 (19) 1 (33)

Localized density
Fatty 8 (23) 3 (19) 4 (25) 1 (33)
Scattered fibroglandular 8 (23) 5 (31) 4 (25) 0 (0)
Heterogeneously dense 14 (40) 6 (38) 5 (31) 2 (67)
Dense 5 (14) 2 (13) 3 (19) 0 (0)

Note.—Data are numbers of lesions. Numbers in parentheses are percentages.
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depth within the breast was 22.6 mm
(range, 6–48 mm). Pathologic analysis
of the 35 localized lesions revealed 16
malignant lesions (46%) (seven ductal
carcinomas in situ, six invasive ductal
carcinomas, two invasive lobular carci-
nomas, and one lymphoma) and three
high-risk markers (8.6%) (atypical duc-
tal hyperplasia). Twenty of 35 lesions
(57%) had a mass morphology, and the
remaining 15 (43%) were nonmass le-
sions. Most lesions had either moderate
(16 of 35 lesions [46%]) or marked (14
of 35 lesions [40%]) early enhance-
ment. The delayed enhancement pat-
tern was relatively equally distributed,
with a persistent pattern in 11 of 35
lesions (31%), a plateau in 12 lesions
(34%), and washout in 12 lesions
(34%). The overall breast density was
fatty in nine of 35 lesions (26%), scat-
tered fibroglandular in eight lesions
(23%), heterogeneously dense in 11 le-
sions (31%), and dense in seven lesions
(20%). The localized breast density was
fatty in eight of 35 lesions (23%), scat-
tered fibroglandular in eight lesions
(23%), heterogeneously dense in 14 le-
sions (40%), and dense in five lesions
(14%). The numbers were too small for
us to perform subset analysis to deter-
mine any significant differences in MR
imaging lesion and breast density char-
acteristics according to histopathologic
findings (Table 1).

The mean tissue shift measured in
the z, or through, plane after needle
placement was 3.8 mm (range, 0–9
mm). A tissue shift of 4 mm or more
was considered important and occurred
with 24 of 38 needles placed (63%).
Needles required repositioning if their
position was at least 5 mm from the
target. This occurred for 14 of the 38
needles placed (37%) owing to initial
inaccurate placement and/or tissue
shift. Once the needle was placed, 10 of
35 lesions (29%) were not visualized.
Seven lesions 8 mm or smaller were
obscured by needle artifact, and in the
other three lesions, washout had oc-
curred by the time the needle was
placed. Needle localization was recom-
mended but not performed in two of 33
patients (6%) because the lesion did not
enhance at the time of the procedure.

Both of these patients have since under-
gone 6-month follow-up MR imaging. At
follow-up, the lesions again did not en-
hance, and they are therefore consid-
ered benign.

The mean three-plane error mea-
surements for the 38 needles placed
were greatest in the z plane: 5.6 mm
(range, 0–15.6 mm) for the uncor-
rected measurements and 3.2 mm
(range, 0–0.0 mm) for the corrected
measurements (Table 2). Repositioning
was not necessary for in-plane (x- or
y-plane) error. There was no significant
change in degree of error once the z-
plane error was decorrelated from the
x- or y-plane error.

The 14 needles that required reposi-
tioning also had the greatest error mea-
surements in the z plane. The uncor-
rected z-plane error measurements
ranged from 4.2 to 8.6 mm, and the
corrected measurements ranged from
4.0 to 9.9 mm (Table 3). According to
linear regression analysis, both tissue
shift (R � 0.7, P � .02) and lesion size
(R � �0.59, P � .05) were moderately
correlated with the uncorrected error.
Multivariate analysis was performed,
and the results validated these correla-
tions, as both tissue shift and lesion size
yielded significant relations (P � .05
and P � .05, respectively). A correla-
tion no longer existed once needle

placement was corrected at both uni-
variate and multivariate analyses. Le-
sion depth within the breast was not
significantly correlated with error in any
studies (Table 4).

The greatest degree of error based
on mammographic breast density oc-
curred for fatty breasts, with error mea-
surements of 8.6 and 9.9 mm, respec-
tively, for overall and localized fatty
breast density (Table 5). The differ-
ences in error according to overall and
localized breast densities were calcu-
lated with a two-tailed paired t test. For
overall breast density, there was a sig-
nificant difference between fatty and
dense breasts. For localized breast den-
sity, there were significant differences
between fatty and both heterogeneously
dense and dense breasts. There were
no significant differences in error for
the remaining variables, according to
two-tailed paired t test results.

Three of 35 lesions targeted (8.6%)
were missed at surgery. One lesion had
an initial pathologic diagnosis of ductal
carcinoma in situ, which was thought to
be concordant with the MR imaging fea-
tures. The lesion was found to be persis-
tent at routine follow-up screening ap-
proximately 4 months after surgery,
which included MR imaging as part of
the study protocol. Relocalization and
surgical excision revealed ductal carci-

Table 2

Error Measurements for All 38 Needles Placed

Error Correction
Mean Error (mm)

x-Axis (Superoinferior) y-Axis (Anteroposterior) z-Axis (Left-Right)

Uncorrected 1.3 (0–6) 2.4 (0–6.5) 5.6 (0–15.6)
Corrected NA NA 3.2 (0–10.0)

Note.—Numbers in parentheses are ranges. NA � not applicable.

Table 3

Error Measurements for 14 Repositioned Needles

Error Correction
Mean Error (mm)

x-Axis (Superoinferior) y-Axis (Anteroposterior) z-Axis (Left-Right)

Uncorrected 1.1 (0–2.5) 1.9 (0–3.5) 8.5 (1.0–15.6)
Corrected NA NA 3.4 (1.0–8.0)

Note.—Numbers in parentheses are ranges. NA � not applicable.
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noma in situ again at pathologic analy-
sis, and subsequent follow-up MR imag-
ing demonstrated that the lesion had
been successfully removed. The second
lesion was found to be a papilloma at
pathologic analysis. This patient has
been followed up with MR imaging for
over 2 years; the lesion has remained
stable and is considered benign (Fig 3).
The third lesion was diagnosed as stro-
mal fibrosis at pathologic analysis. At
postoperative MR imaging, performed
owing to discordance between imaging
and pathologic findings, the lesion was
recognized as remaining within the
breast. The patient was reluctant to un-
dergo reexcision and requested close
follow-up with MR imaging at 4-month
intervals. To date, the lesion has re-
mained stable for 1 year.

Discussion

Needle and wire placement for MR-
guided preoperative needle localization
can be performed relatively quickly with
our system, which includes computer
software assistance for needle trajec-
tory calculation. Our mean procedure
time was 9 minutes, from lesion visual-

ization to confirmation of final wire
placement. Our actual procedure times
were faster than the 15–59 minutes pre-
viously reported (28,39) for MR-guided
localization procedures. However, the
mean total magnet time in our study,
from table setup to the moment the pa-
tient exited the magnet room, was 62
minutes, similar to previously reported
times of approximately 1 hour (20,21).

The system used in our study also
allows for accurate needle and wire
placement, with mean x-, y-, and
z-plane errors of 1.3, 2.4, and 5.6 mm,
respectively. The final error measure-
ment for needle and wire placement im-
proved in the z plane to 3.2 mm once
any necessary needle repositioning was
performed; this also accounted for tis-
sue shifts. The sagittal plane error re-
mained constant. Previously reported
mean errors have ranged from 1.2 mm
to 1 cm and have been provided for one
plane, and in most instances, the plane
has not been specified (20,28,39). It is
therefore difficult to compare directly
the degrees of error between our re-
sults and those of others. The final wire
position, within 5 mm of the targeted
lesion, was achieved after the needle
was repositioned in 37% of the cases.
However, the time for repositioning is
negligible and is accounted for in the
reported wire placement time. Accu-
rate placement is important for needle
localizations to ensure surgical excision
of the lesion in question. However, sur-
gical biopsy after needle localization is a
relatively forgiving procedure because
of the volume of tissue removed around
the end of the wire at surgery. More-
over, with the advent of MR-guided vac-
uum-assisted biopsies, the accuracy of
needle placement will become even
more important.

Another benefit of our system is the
ease of achieving medial access for breast
intervention. In our study, we found that
a medial approach was required in 31%
of our lesions. The limitations associated
with the lack of medial access have been
described by many authors who were us-
ing other systems (20–22,24,28,39).
However, our method allows for opti-
mized surgical management, following
the principle of traversing the least

amount of breast tissue possible to local-
ize a lesion, which is used in mammo-
graphically and US-guided localizations.

Factors that significantly affected the
degree of error for placement of the nee-
dle included lesion size, breast density,
and tissue shift in the z, or through, plane.
The greatest degree of error occurred for
small lesions, in fatty breasts (both overall
and in the region surrounding the lesion),
and for larger tissue shifts. Once any nec-
essary needle repositioning was per-
formed, with the initial needle placement
at least 5 mm from the initial target and
tissue shifts in the z plane taken into ac-
count, the variables no longer significantly
affected the final needle and wire place-
ment errors. One possible explanation for
the initial increased error is the increased
difference in tissue density between the
lesion and surrounding parenchyma,
which may cause the lesion to be de-
flected more readily from the advancing
needle.

Small lesion size is important, as le-
sions 8 mm or smaller are obscured by
needle artifact at the time of localiza-
tion. This problem is confounded by the
fact that small lesion size is an impor-
tant independent variable that increases
needle placement error. The radiologist
performing the procedure must there-
fore be vigilant about accurate needle
placement for such lesions.

Tissue shift in the z plane is also an
important factor affecting error. We be-
lieve that the addition of imaging in the
plane perpendicular to the initial imag-
ing plane before and after needle inser-
tion helps to avoid placement errors in
the through plane. Initial needle place-
ment inaccuracies in the z plane were of
greatest importance, as needle read-
justments were not necessary for sagit-
tal plane error.

Our rate of missed lesions (8.6%)
was higher than that reported by other
authors for MR-guided needle localiza-
tions (2%–3%) (24,28). However, this
rate does fall within the range of 0%–
17.9% reported for mammographically
guided localizations (40). One potential
explanation for our higher recognized
miss rate is our 100% follow-up rate
with postoperative MR imaging, com-
pared with the previously reported fol-

Table 4

Correlations between Error and
Lesion Variables

Variable
Uncorrected
R Value

Corrected
R Value

Tissue shift 0.7 0.007
Lesion size �0.59 �0.17
Depth in breast �0.18 0.016

Table 5

Mean Errors Based on Overall and
Localized Breast Density

Density Type

Mean Error (mm)
Overall
Density

Localized
Density

Fatty 8.6 9.9
Scattered fibroglandular 6.0 4.0
Heterogeneously dense 5.1 4.4
Dense 4.2 5.2
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Figure 3

Figure 3: MR images in 49-year-old woman with
findings positive for BRCA1 and a screening-detected
mass with washout, in a predominantly fatty right
breast, that is visible only at MR imaging. (a) Sag-
ittal T1-weighted fat-suppressed two-dimensional
SPGR image with contrast enhancement (150/4.2; flip
angle, 50°) shows the 4-mm enhancing mass (ar-
row). (b) Sagittal T1-weighted fat-suppressed two-
dimensional SPGR image obtained after needle inser-
tion from a medial approach through the lesion and
targeted coordinates (arrow indicates needle artifact).
(c) Transverse localizer image through the mass (sin-
gle-headed arrow), with medial skin-to-lesion dis-
tance indicated (double-headed arrow). A medial
approach was used because the lesion was located
medial to midline on the diagnostic study and be-
cause of differences in breast positioning between
diagnostic and localization imaging. Note the lateral
deviation of the nipple at the time of localization
(oval). Transverse T1-weighted two-dimensional
SPGR fat-suppressed images after (d) needle inser-
tion and (e) wire deployment demonstrate the degree
of tissue shift in the z (depth) plane. Placement of the
tip of the needle, although accurate according to pre-
localization coordinates and wire artifact are just short
of the lesion. Double-headed arrows indicate the
skin-to-lesion distance for preinsertion MR imaging.
Parentheses indicate the difference in distance from
the lesion position to the original MR imaging lesion
coordinates.
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low-up rate of 38.4% (28). The accor-
dion effect and subsequent backing out
of the wire placed in the z direction have
been a recognized explanation for
missed lesions after MR-guided needle
localizations (28). This explanation
would be logical for each of our missed
lesions, as they were located just at the
deep end, adjacent to the surgical bi-
opsy scar. The alternative possibility
that our slightly higher miss rate was
related to shortcomings in our system
must be considered. However, the nee-
dle and wire placement technique and
the actual grid compression localizing
devices we used are similar to those
previously reported as highly successful
(28,39), making this explanation un-
likely. Furthermore, the findings of MR
imaging performed after wire place-
ment document that the wire is accu-
rately placed, therefore indicating that
the final surgical miss rate is due to
some postplacement factor.

We attempted to combat this unex-
pected occurrence by obtaining one ad-
ditional set of transverse images after
wire insertion, after release of the mild
mediolateral compression, for the last
five patients (16%) in our series. It is
concerning that the additional confirma-
tory transverse imaging was performed
for one of the missed lesions. This
transverse image showed that the wire
was accurately placed through and 11
mm beyond the lesion targeted. There-
fore, wire movement or migration be-
tween localization and surgery is an-
other concern, and it is also recognized
in the MR imaging and mammographic
literature (21,40–43). However, this
particular lesion was unusually difficult
to localize owing to its medial and very
posterior position in the breast against
the chest wall. A lateral approach was
used, as this was the only access that
allowed the needle to reach the lesion.
The shorter medial access would have
placed the needle too far anterior to the
target, because of the thickness of soft
tissue anterior to the sternum.

In two of 33 patients (6%), lesions
were recommended for biopsy but not
seen at the time of the procedure or at
subsequent imaging. This rate of biopsy
cancellation due to lesion resolution is

similar to the 4.7% reported by Morris
et al (28).

Because our system is not commer-
cially available, the use of our study pro-
tocol is limited to our center. However,
our goal was to determine the accuracy
of the system being used at our institu-
tion. Our imaging protocol changed for
the last five patients (16%) to include
imaging in the transverse plane before
and after needle and wire insertion, and
this change may have introduced vari-
ability in our results. This addition,
however, was designed to improve ac-
curacy in through-plane positioning.
One last limitation, as in any breast MR
imaging localization study, was the in-
ability to image the specimen directly to
verify lesion retrieval.

In conclusion, our system offers a
relatively quick and accurate means for
performing preoperative MR-guided
needle localizations in the breast. The
addition of a medial access approach
optimized surgical management and
was used for a substantial number of
patients. Factors that increase the de-
gree of error in needle placement in-
clude small lesion size in fatty breasts
and tissue shift in the transverse plane.
Perpendicular plane imaging before and
after needle placement is useful for
identifying the degree of tissue shift,
which may require adjustment of needle
position.
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