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Abstract.

Background: Sampling error is a common problem in muscle biopsies. MRI-guided biopsy allows verification of biopsy
site during the procedure, which may reduce sampling error in patients with focal disease.

Objective: To describe the technique for MRI-guided muscle biopsy and discuss potential applications.

Methods: Axial MRI images were acquired to determine the target site for muscle biopsy. Needle trajectory was planned on
3D T1 weighted imaging and a MRI-guided biopsy of the vastus lateralis was performed in 13 FSHD patients.

Results: An adequate amount of muscle tissue was obtained in all participants, and MRI-guided biopsy succeeded in reaching
focal target sites. However, symptomatic hematomas were observed in 2/13 patients

Discussion: MRI-guided biopsy has a higher complication rate compared to traditional needle biopsy, most likely due to
proximity to blood vessels in combination with the vacuum-assisted suction of the MRI-guided technique. We recommend
that this technique is reserved for select diagnostic cases and research questions, with careful assessment of vasculature and
reduced suction levels.
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INTRODUCTION

Histopathological analysis of muscle biopsies is
a cornerstone of the diagnosis of muscle disorders.
However, sampling error is a common problem.
In inflammatory myopathies, false-negative results
occur in 10-20% of all biopsies due to focal disease
activity [1, 2]. In acquired and hereditary muscle dis-
orders, fatty infiltration — a marker of disease severity
— can vary from mild to severe within a single muscle
[3, 4]. Sampling of very early or end-stage muscle
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may result in the absence of disease-specific abnor-
malities, impeding correct diagnosis.

In neuromuscular research, tissue-based studies
often employ biopsy samples from muscles with
variable disease severity. Correlation with muscle
imaging may reduce variability and enhance studies
that rely on an association with disease severity.

Magnetic resonance imaging (MRI) allows accu-
rate identification of areas of inflammation and
fatty infiltration in hereditary and inflammatory
myopathies. MRI triage has been used to reduce
sampling error in the diagnosis of inflammatory
myopathies by selecting affected muscles prior to
muscle biopsy [5, 6]. However, biopsies obtained
from muscles with inflammation on MRI still had a
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false-negative rate of 0.19 [5]. This suggests that more
precise targeting may improve diagnostic yield, in
particular in patients with small, focal abnormalities.

MRI-guided biopsy using MRI-compatible nee-
dles allows verification of biopsy site during the
procedure and is an established technique in the diag-
nosis of prostate and breast cancer [7, 8]. Here we
demonstrate that MRI-guided biopsy can be used to
acquire muscle biopsies in patients with muscle dis-
orders and discuss potential applications.

MATERIALS AND METHODS
Patients and study design

We performed MRI-guided muscle biopsy in
13 genetically confirmed FSHD patients that were
undergoing muscle biopsy of the vastus lateralis as
part of a separate study [9]. Ethical approval was
obtained from the regional medical ethics review
committee and written informed consent received
from all participants.

Muscle imaging and MRI-guided biopsy
procedure

Muscle imaging

Axial T1 weighted and Turbo Inversion Recovery
Magnitude (TIRM) images were obtained to deter-
mine the appropriate target area for muscle biopsy.
MR measurements were conducted using a 3 Tesla
MR system (Tim TRIO, Siemens, Erlangen, Ger-
many) with patients being scanned in supine position.
A fish oil capsule was placed at one third of the dis-
tance between the anterior superior iliac spine and
the patella as an external reference point. To obtain
maximum quality images, we used a spine array coil
and two phased array coils covering the patient’s legs.
For thigh muscle imaging, the table was positioned
to ensure that the upper leg was in the isocenter
of the magnetic field. Scout images were acquired
in three orthogonal directions for accurate position-
ing of the MRI slices. Thereafter 8 transversal slices
(FOV 175 x 175 mm?, thickness 4 mm, gap 6 mm,
base resolution 256) were acquired with a T2 multi
spin echo sequence (TR: 3000 ms, 16 equally spaced
echo times 7.7-123.2 ms). Subsequently followed by
23 transversal slices (thickness 4 mm, gap 0.4 mm)
obtained with a T1 turbo spin echo sequence (FOV
250 x 244.5 mmz, TR/TE 600 ms/13 ms, basereso-
lution 448), and with a Turbo Inversion Recovery
sequence (TIRM) (FOV 175 x 175 mm?, TR/TE/TI

4100 ms/41 ms/220 ms, baseresolution 256). As a
rule, we scanned the right leg unless manual mus-
cle testing demonstrated asymmetrical weakness; in
these cases the most severely affected leg was exam-
ined and biopsied.

Target area and needle trajectory The appropriate
target area for the MRI-guided biopsy was deter-
mined on axial images. Choice of target area was
informed by the amount and location of remain-
ing muscle tissue, fatty infiltration, and the presence
of hyperintensities on TIRM suggestive of inflam-
mation. In radiologically normal muscle tissue, the
target area was set in the center of the vastus later-
alis at the level of the fish oil marker (Fig. 1). The
trajectory of the biopsy needle (i.e., incision site,
angle, and depth) was constructed based on anatom-
ical 3D T1-weighted imaging (Fig. 1; field of view
269 x 269 x 160 mm; base resolution 384; repetition
time 735 ms; echo time 2,54 ms).

MRI-guided biopsy

After the needle trajectory had been determined,
and with the patient still positioned on the MRI table,
local anesthesia (lidocaine 2%) was injected sub-
cutaneously. Taking routine antiseptic precautions,
a 4-mm incision was made and an MR-compatible
biopsy trocar inserted (Fig. 2). A repeat TI1-
weighted 3D scan was performed to verify the
position of the needle. If necessary, the trocar was
repositioned accordingly. An experienced interven-
tional radiologist performed the biopsy using a
9-gauge (3.7mm) vacuum-assisted biopsy needle
(Suros ATEC, Hologic, Bedford, USA). Subse-
quently, another 3D T1-weighted image as well as
axial TIRM images were obtained to confirm the final
biopsy site and to assess complications. The inci-
sion site was closed using steri-strips, after which
a pressure bandage was applied. Positioning of the
patient and diagnostic imaging took approximately
20 minutes. The MRI-guided biopsy procedure took
an additional 20-50 minutes depending on the com-
plexity of the target site.

Histology

Biopsy material was frozen in isopentane and
stored at —80°C. Biopsy sections were stained with
H-Phlox to assess fiber size variability, presence of
internal nuclei, the destruction of muscle fibers and
regeneration, as well as supporting connective tissue.
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Coronal reconstruction

Fig. 1. MRI-guided biopsy of the right vastus lateralis. (A) The exact needle trajectory to the target area was determined by manually shifting
anatomical 3D T1 images in at least three orthogonal planes. The appropriate needle angle (a°), depth, and insertion site relative to the fish
oil marker was based on these images. (B) A needle trocar was inserted after which a subsequent 3D T1 was obtained to verify the position
of the needle tip in the m. vastus lateralis. If necessary, the trocar was adjusted and repeat verification imaging performed. After positioning

the needle into the correct site, a vacuum-assisted biopsy was taken.

Fig. 2. MRI-guided biopsy needle. Comparison between 3.4 mm
MRI-compatible needle for MRI-guided biopsy and 5 mm routine
Bergstrom needle.

RESULTS
MRI-guided biopsy procedures

MRIimages showed pathological changes compat-
ible with FSHD [3]. No or very minor fatty infiltration
was observed in 8/13 participants. In these partici-
pants a biopsy was taken in the center of the vastus
lateralis, at or slightly above or below the reference
marker. In the 5/13 participants with fatty infiltration
we were able to obtain a biopsy from the intended
target site. All biopsies from muscles with moderate-
to-severe fatty infiltration (>30%) showed dystrophic
changes, whereas all biopsies from muscles with nor-
mal or mild fatty infiltration (<30%) were normal or
showed mild myopathic abnormalities.

Symptomatic post-biopsy hematomas, resulting in
self-limiting local pain and swelling, were observed

in 2/13 patients and asymptomatic hematomas were
observed on control imaging in another 1/13. In all 3
patients a blood vessel could be identified close to the
biopsy site. Because bleeding complications are very
rare in routine needle biopsies, it seems likely that
the stronger suction used with MRI-guided biopsy
contributed to hematoma formation.

Tissue size was similar or larger than routine nee-
dle biopsies, yielding an adequate amount of tissue
to perform histological evaluation in all, and enough
tissue for extensive additional research evaluations in
12/13 participants.

Participants reported a pain score of 5.2 £0.7 out
of 10 after the MRI-guided muscle biopsy. Apart from
pain associated with the biopsy, they also complained
about discomfort due to lying on the MRI table for
an extended period of time.

Case study — MRI-guided biopsy in a patient with
limited residual muscle tissue

In a participant with severe FSHD (Clinical
Severity Score 8/10) we observed extensive fatty infil-
tration of all upper leg muscles (Fig. 3A). Routine
needle biopsy without imaging would yield only fat.
Using MRI-guided biopsy we were able to position
the needle within the area with residual muscle tissue
and obtain a tissue specimen for analysis (Fig. 3B-F).
Muscle biopsies from severely affected muscle as in
this example may inform research studies, but have
limited relevance for diagnostic studies, as disease-
specific abnormalities may be absent in end-stage
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Fig. 3. MRI-guided muscle biopsy in a patient with limited residual muscle tissue. (A) Axial T1-weighted axial image of the left upper leg
of a 49-year-old female FSHDI1 patient showing marked fatty infiltration of all muscles. (B-D) 3D T1 planning images to determine the
appropriate needle trajectory to the target site. Colored boxes surrounding the images correspond with colored lines indicating images planes.
(E) post-biopsy TIRM image showing the biopsy site (arrow). (F) H-Phlox staining demonstrates severe dystrophic changes as reflected by
the marked increase in fiber size variability, increased internal nuclei, fibrosis, and fatty infiltration.

muscle. However, this case study demonstrates that
the MRI-guided technique is capable of targeting very
specific target areas, which could also be applied to
focal areas of inflammation.

DISCUSSION

This study demonstrates that MRI-guided biopsy
can be used in patients with muscle disease to obtain
muscle tissue from specific target areas. MRI-guided
biopsy enables verification of the muscle biopsy site
during the procedure, which allows selective target-
ing and definite confirmation of the biopsy site on
MRYI, as well as a direct assessment of potential com-
plications.

MRI-guided biopsy enabled us to acquire tis-
sue in an individual with extensive fatty infiltration,
which demonstrates the ability of this technique
to target focal areas of residual muscle tissue or
localized inflammation. This may benefit diagnostic
testing; e.g. to discriminate neurogenic from myo-
pathic causes in individuals with severe disease; or
to target focal areas of inflammation to confirm the

presence of myositis prior to treatment with immuno-
suppressant therapy.

Aside from potential diagnostic application, MRI-
guided biopsy could also a valuable tool in research
studies where precise radiological — tissue correlation
is required. Furthermore, the addition of MRI makes
it possible to revisit a specific site for repeat biopsy
in clinical trials that use longitudinal muscle biopsies
to assess therapeutic efficacy.

Although we did successfully obtain muscle tis-
sue from the intended biopsy site in all participants,
this resulted in symptomatic hematomas in 2/13
patients and an asymptomatic hematoma in another.
Complications following routine Bergstrom needle
biopsy are rare. In a retrospective analysis of 13,636
Bergstrom needle biopsies, hematomas or arterial
bleeding were observed in 3 and perceptible and both-
ersome pain >3 days were observed in 5 procedures
[10]. The higher rate of hematomas in our study can
be attributed to biopsy position within the muscle
in combination with strong vacuum suction applied
during the MRI-guided biopsy. Additionally, post-
biopsy imaging will identify hematomas that would
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otherwise have gone unnoticed, forewarning the clin-
ician and patient of potential pain and swelling.

The amount of pain reported by patients is similar
to pain scores after routine Bergstrom needle biopsy
in our center (5.2 £ 0.7 vs. 6.0 = 2.1).

This study demonstrates that MRI-guided biopsy
of focal abnormalities or in individuals with extensive
fatty infiltration is feasible in patients with mus-
cle disorders. However, we observed a higher rate
of symptomatic bleeding complications compared to
routine Bergstrom needle biopsy. In addition to this,
MRI-guided biopsy is more expensive than routine
needle biopsy due to the use of MRI, longer proce-
dure time and use of disposable materials. As this
proof-of-principle study addresses the feasibility of
the technique we performed biopsies in a homoge-
nous group of patients with the same disease and in
the same muscle. However, the same methodology
can be applied to target different muscles or dif-
ferent diseases. Histopathological analysis matched
the severity of fatty infiltration, however future stud-
ies may address the diagnostic value of MRI-guided
biopsy and the correlation between imaging signal
and histopathology more precisely.

A potential diagnostic application of MRI-guided
biopsy is targeting of focal inflammation that poten-
tially requires treatment with immunosuppressants,
where a diagnosis cannot be made with Bergstrom
needle biopsy of MRI-positive muscles. Another
potential diagnostic application is to confirm the pres-
ence of a myopathic process in patients with severe
disease. In addition to diagnostic testing, MRI-guided
biopsy may have potential for research where tar-
geting of a specific muscle site is required. In these
case, careful assessment of vasculature and reduced
vacuum-assisted suction may reduce bleeding
complications.
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