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Abstract

Clinical use of magnetic resonance imaging (MRI) for
image-guided procedures began in the late 1980s. How-
ever, early procedures were limited by tools, in-bore access
to the patient, and MR imaging limitations. Interventional
MRI (iMRI) offers some natural advantages including supe-
rior soft tissue resolution, ease of multiplanar imaging, lack
of ionizing radiation, and the ability to re-image the same
slice. MRI guidance is particularly advantageous when the
pathology can be best or only visualized with MRI. There
has been tremendous growth in clinical applications

and positive patient outcomes of iMRI over the past three
decades, and the community has benefited from close
collaboration between interventional radiologists, MR
physicists, and MR nurses. There has been tremendous
growth in clinical applications of iMRI over the last 35+
years [1]. The purpose of this article is to give a high-level
overview of the breadth of interventional MRI.

Introduction

Shortly after the introduction of clinical diagnostic mag-
netic resonance imaging (MRI) in the 1980s, diagnostic
and interventional radiologists recognized the superior soft
tissue contrast of MRl and began to explore the use of MRI
guidance during interventional procedures, particularly for
head and neck lesions [2—4]. However, early applications
of interventional MRI (iMRI) were limited due to the lack
of dedicated iMRI magnets, pulse sequences, procedural
suites, and equipment. Over the next three decades,
significant advancements in iMRI-conditional technology
coupled with developments in dedicated iMRI procedural

suites enabled significant growth and development of
clinical body iMRI applications including aspiration, local-
ization, biopsy, and ablation [5, 6]. MRI offers significant
advantages including: superior soft tissue contrast

and anatomic detail, leading to increased lesion conspi-
cuity; ease of multiplanar imaging; multiparametric
imaging capabilities; lack of ionizing radiation; the ability
to monitor effects of treatment in near real time; and
the ability to re-image the same slice [7, 8].

With the growth of dedicated clinical iMRI services,
safety considerations in the iMRI environment have
become paramount [9, 10]. Moreover, systematic physics
and clinical safety testing have led to the safe use of
previously MR-conditional and unsafe devices in the MR
environment, further enabling expansion of clinical body
iMRI applications [9, 11-13]. Likewise, with the growth
of dedicated iMRI magnets, various MR pulse sequences
have been optimized with tradeoffs between image
acquisition speed, signal-to-noise ratio (SNR), and spatial
and contrast resolution [14, 15].

Additionally in this time period, there has been
tremendous development of commercially available
MR-conditional needles, and biopsy and ablation devices,
which has further enabled the growth of body iMRI appli-
cations [10, 16]. Currently, there are a variety of devices
approved by the Food and Drug Administration (FDA)
for performing MRI-guided and monitored cryoablation,
laser ablation, microwave ablation (MWA), radiofrequency
ablation (RFA), and focused ultrasound (MRgFUS).
Current iMRI applications include localization, biopsy,
and sclerotherapy of lesions with poor soft tissue contrast
on other imaging modalities, and thermal ablation for
benign and malignant neoplastic processes.
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Clinical applications of body
interventional MRI

There has been tremendous growth in applications of
body iMRI, including localization, drainage, biopsy, and
sclerotherapy of lesions poorly visualized with ultrasound
(US) or computed tomography (CT) [7, 8, 16—-18]. This
review focuses on many, but not all, iMRI applications as
these continue to grow.

Localization

Soft tissue pathology with poor soft tissue contrast on US
or CT may be particularly amenable to MRI-guided wire
localization when precise localization of a pathology with
a patchy or heterogenous distribution is needed prior to
targeted surgical biopsy. Examples include intramuscular
lymphoma and juvenile dermatomyositis (Fig. 1) [19, 20].

MAGNETOM Flash (94) 5/2025

Sclerotherapy

Traditionally, percutaneous sclerotherapy of venous
malformations has been performed with a combination
of US and fluoroscopic guidance. However, when
venous malformations are poorly conspicuous on US,
MRI guidance for needle placement prior to sclerotherapy
may be utilized, particularly given the inherent high
T2-weighted signal within most venous malformations
(Fig. 2). Prior studies have shown that MRI-guided
percutaneous sclerotherapy is safe, technically feasible,
and effective in the treatment of peripheral soft tissue
venous malformations at both 1.5T and 3T [21, 22].

n MRI of the needle position within the high T2 signal in the vastus lateralis. (1A) Axial and (1B) coronal with the localizing wire in place
and subsequent surgical biopsy confirming juvenile dermatomyositis [40].
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(2A) T2 with fat saturation
demonstrates a bright
slow-flow vascular malfor-
mation. (2B) shows a 22Ga
ITP needle placed into the
vascular malformation.

(2C) demonstrates injection
of dilute 1:10 gadolinium into
the vascular malformation
confirming the intra-luminal
position. (2D) demonstrates
injection of a gadolinium and
bleomycin mixture into the
lesion to perform sclero-
therapy. (Unpublished images)
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Biopsy

Similar to lesion localization, soft tissue masses with

poor soft tissue contrast on US or CT may be suitable for
MRI-guided biopsy. This may be performed using freehand,
US-assisted or guidance-grid techniques depending on
lesion location and organ movement [8, 16, 18, 23].
Prostate and seminal vesicle biopsy via a transperineal
approach with a guidance grid is well suited for MRI-guided
biopsy [23-25]. Small liver or soft tissue lesions (Fig. 3)
seen on diagnostic MRI and positron emission tomography
(PET) that cannot be localized by grayscale, color doppler,
or contrast-enhanced US, US fusion, or CT are excellent
candidates for MRI-guided freehand biopsy. For patients
with prior non-diagnostic biopsies of small or technically
difficult lesions, consideration can be given to having

an on-site cytopathologist for immediate review of the
diagnostic adequacy of the biopsy specimen.

iMRI

Ablation

Image-guided percutaneous thermal ablation with MRI is
enhanced with more precise lesion visualization and the
ability to monitor ablation temperature: either heat or cold.
While US, and to a lesser extent CT, can provide some
real-time ablation monitoring, MRI has superior soft tissue
contrast and, together with MR thermometry, offers

a unique feature for monitoring the ablation procedure.

Kidney

Ablation of renal neoplasms is most commonly performed
under US and/or CT guidance using cryoablation, RFA or
MWA [26, 27]. However, MRI-guided cryoablation has been
shown to be safe and effective for treatment of small renal
neoplasms [28]. In our practice, MRI-guided cryoablation
is reserved for ablation of renal neoplasms that are intra-
parenchymal or endophytic and poorly visualized on US

or non-contrast CT (Fig. 4).

MRI-guided muscle lesion biopsy to determine benign versus malignant. (3A) shows an axial fluorodeoxyglucose (FDG) PET-CT image
demonstrating a lesion with increased activity in the right iliopsoas muscle. CT-guided biopsy was unsuccessful. (3B) demonstrates a
T2-weighted MR lesion in the same location as the abnormal PET activity. (3C) demonstrates an 18Ga ITP biopsy needle through the lesion.

(Unpublished images)

n MRI-guided renal mass ablation for a 65-year-old man with a history of right kidney resection for renal cell carcinoma and development
of a new left lower pole renal mass. (4A) shows a non-contrast CT image demonstrating a tiny mass on the lower pole of the left kidney.
(4B) demonstrates T2-weighted MR images showing the iceball encompassing the tiny nodule. (4C) shows T2-weighted images three months
post-ablation. (4D) shows T2-weighted images two years post-ablation. (Unpublished images)
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Prostate and seminal vesicles
MRI-guided laser ablation of the prostate with MR
thermometry in a 64-year-old man with rising prostate
specific antigen (PSA) and biopsy-positive Gleason 7
(4+3) disease in the left mid prostate: MRI-guided ther-
mometry allows continuous monitoring of the ablation
heating during treatment (Fig. 5).

MRI-guided focal cryoablation of the prostate

for Gleason 7 (3+4) disease in the left anterior prostate:

Ice ball monitoring is achieved with a balanced HASTE
updating every 10-20 seconds (Fig. 6).
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MRI-guided focused transurethral ultrasound ablation
(TULSA) of the prostate for Gleason 7 disease in the

left posterior prostate: The TULSA treatment device
(TULSA-PRO, Profound Medical Corp., Mississauga, Canada)
was placed over the wire into the urethra and positioned
with the transducers in the prostatic tissue. During
treatment, the MR temperature mapping is used to guide
and control the treatment frequency and the power, which
is monitored continuously.

(5A) demonstrates T2-weighted imaging
of the prostate showing a lesion in the left
prostate. (5B) shows the ADC map demon-
strating the restricted diffusion in the left
prostate lesion. (5C) is the phase image
during MR thermometry demonstrating
heating in the left prostate. (5D) is the
calculated damage map using time
and temperature inputs into an Arrhenius
equation. (Unpublished images)

n (6A) shows a T2-weighted image demonstrating decreased signal in the left posterior prostate (orange arrow). (6B) demonstrates restricted
diffusion in this same area (orange arrow). (6C) demonstrates Gadolinium enhancement in this same area (orange arrow). (6D) demonstrates
maximal ice ball formation encompassing the lesion (orange arrow). (Unpublished images)
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Pre-treatment workup for the MRI-guided TULSA
for prostate cancer. (7A) demonstrates T2 abnormality
in the left posterior peripheral zone of the prostate
(white arrow). (7B) demonstrates hyperenhancement
in a similar location after gadolinium (white arrow).
(7C) demonstrates restricted diffusion in the ADC
map for the lesion (white arrow). (7D) demonstrates
some very tiny calcifications, which can be worked
around with the TULSA device (white arrowhead).
(Unpublished data)

n Summary images from the MRI-guided TULSA treatment. The first row shows the T2-weighted anatomic images corresponding to the location
of the individual US transducers from E2—E7. The second row shows the maximal heat delivered by each US transducer at each level. The third
row shows the calculated damage map based on the Arrhenius equation. The fourth row shows the postgadolinium images after the ablation,
confirming the treatment zone at each level. (Unpublished data)
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Hepatobiliary

Image-guided thermal ablation is considered a curative-
intent treatment for very early or early stage hepatocellular
carcinoma (HCC) [29]. Additionally, thermal ablation is
used for treatment of a wide range of metastases to the
liver, particularly colorectal liver metastases (CRLM) [30].
Historically, US and CT were the most common imaging
modalities used for guidance and monitoring during
hepatic radiofrequency or microwave ablation [31, 35].
However, in recent years, MRI-guided thermal ablation
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including RFA, MWA (Fig. 9), laser ablation, and cryo-
ablation have emerged as safe and effective treatment
options, particularly when the liver lesion is best visualized
by MRI. We have found MRI guidance and monitoring for
ablation particularly useful for small hepatic tumors that
are poorly visualized by ultrasound, and for tumors deep in
the liver such as in the caudate lobe, high up in the hepatic
dome, or adjacent to critical structures such as central

bile ducts, stomach, or colon, where monitoring of the
ablation zone is critical.

n MRI-guided microwave ablation in a 72-year-old male for metastatic prostate cancer to the liver with central lesion. (9A) is the T2 weighted
image demonstrating a small central lesion (orange arrow). (9B) shows the post-gadolinium image demonstrating delayed enhancement
to the remaining liver typical of prostate cancer mets (orange arrow). (9C) demonstrates placement of the microwave antennae using a
combination of US/IMRI guidance (orange arrow). (9D) (phase imaging), (9E) (estimated damage map), and (9F) (T1 anatomic imaging)
are from the temperature mapping proton resonance frequency imaging during the ablation. (9D) demonstrates the active temperature
rise from the ablation (orange arrow). (9E) shows the damage map based on time and temperature change measurements using the
Arrhenius equation (orange arrow). Followup MRI at three months post-ablation with (9G) (T2-weighted images), (9H) (pre-contrast T1
images), and (91) (post-gadolinium images) demonstrating significant decrease in size since treatment consistent with evolving ablation

changes. (Unpublished images)
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Musculoskeletal and soft tissue

There has been an increasing role for image-guided ther-
mal ablative therapies in the treatment of musculoskeletal
and soft tissue tumors including the use of MRI guidance
[36-38]. MRgFUS and cryoablation are feasible for treat-
ment of focal metastatic disease to the bone. Additionally,
several series have reported on the safety and effectiveness
of percutaneous ablation for treatment of extra-abdominal
desmoid tumors [39-41]. MRI-guided ablation is
particularly beneficial when desmoid tumors are in close
proximity to critical structures such as hollow viscus or
nerves. Lastly, in patients with soft tissue oligometastatic
disease, MRI-guided cryoablation offers a minimally
invasive palliative treatment option [42, 43].

Peripheral soft tissue vascular anomalies

Peripheral soft tissue vascular anomalies (VA) include
vascular tumors and vascular malformations. While percu-
taneous image-guided sclerotherapy and embolization

are considered first-line treatments for symptomatic VA
depending on size, location, and flow characteristics,
emerging evidence suggests that MRI-guided laser ablation
and cryoablation (Fig. 10) are safe and effective for treat-
ment of symptomatic peripheral soft tissue VA [44-46].

In our practice, the most common vascular anomalies

we treat with MRI-guided ablation include both pediatric
and adult focal slow-flow venous or venolymphatic malfor-
mations, and focal vascular tumors, most commonly in
the trunk or extremities. Less commonly, we have treated
small focal high-flow arteriovenous malformations (AVMs)

iMRI

with MRI-guided ablation and a tourniquet proximal to
the site of ablation to decrease the high flow, and focal
cervicofacial slow-flow venous malformations.

Conclusions and future directions

Significant advancements in iMRI magnets, technology,

and devices over the last three decades have enabled rapid

growth of clinical body iMRI applications including lesion

localization, biopsy, drainage, sclerotherapy, and ablation.

Building a successful clinical iMRI practice requires

1. multidisciplinary collaboration and teamwork,
including interventional and diagnostic radiologists,
clinicians, MR physicists, technologists and nurses,
anesthesiologists and nurse anesthetists, admin-
istrators and industry partners,

2. investment in personnel, space, equipment, and
resources,

3. education of referring clinicians regarding the
clinical safety and effectiveness of clinical body iMRI
applications, particularly as a problem-solving tool
when other image-guided procedures have failed or
are deemed not technically feasible. Safety in the iMRI
environment is paramount and requires close collabo-
ration with MR physicists and MRI safety officers.
Ongoing technological and technique advancements
such as interventional PET/MRI, advanced navigation
systems, and robotics will help interventional radi-
ologists continue to push the frontiers of body iMRI
applications in the coming decades [47, 48].

m (10A) demonstrates high T2 signal in the plantar aspect of the foot, representing a slow-flow vascular malformation causing significant pain
to the patient every day when walking. (10D) demonstrates the gadolinium enhancement within the vascular malformation. (10B) and
(10E) demonstrate the ice ball formation during the MRI-guided cryoablation. (10C) represents the postablation T2 signal change, which
usually decreases significantly. (10F) represents the postablation gadolinium lack of enhancement consistent with treatment and no flow.
(Unpublished images)
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