The American College of Radiology, with more than 30,000 members, is the principal organization of radiologists, radiation oncologists, and clinical
medical physicists in the United States. The College is a nonprofit professional society whose primary purposes are to advance the science of radiology,
improve radiologic services to the patient, study the socioeconomic aspects of the practice of radiology, and encourage continuing education for radiologists,
radiation oncologists, medical physicists, and persons practicing in allied professional fields.

The American College of Radiology will periodically define new practice guidelines and technical standards for radiologic practice to help advance the
science of radiology and to improve the quality of service to patients throughout the United States. Existing practice guidelines and technical standards will
be reviewed for revision or renewal, as appropriate, on their fifth anniversary or sooner, if indicated.

Each practice guideline and technical standard, representing a policy statement by the College, has undergone a thorough consensus process in which it
has been subjected to extensive review, requiring the approval of the Commission on Quality and Safety as well as the ACR Board of Chancellors, the ACR
Council Steering Committee, and the ACR Council. The practice guidelines and technical standards recognize that the safe and effective use of diagnostic
and therapeutic radiology requires specific training, skills, and techniques, as described in each document. Reproduction or modification of the published

practice guideline and technical standard by those entities not providing these services is not authorized.

Amended 2006 (Res. 35)*

ACR PRACTICE GUIDELINE FOR THE PERFORMANCE OF MAGNETIC
RESONANCE IMAGING (MRI) OF THE LIVER

PREAMBLE

These guidelines are an educational tool designed to assist
practitioners in providing appropriate radiologic care for
patients. They are not inflexible rules or requirements of
practice and are not intended, nor should they be used, to
establish a legal standard of care. For these reasons and
those set forth below, the American College of Radiology
cautions against the use of these guidelines in litigation in
which the clinical decisions of a practitioner are called
into question.

The ultimate judgment regarding the propriety of any
specific procedure or course of action must be made by
the physician or medical physicist in light of all the
circumstances presented. Thus, an approach that differs
from the guidelines, standing alone, does not necessarily
imply that the approach was below the standard of care.
To the contrary, a conscientious practitioner may
responsibly adopt a course of action different from that
set forth in the guidelines when, in the reasonable
judgment of the practitioner, such course of action is
indicated by the condition of the patient, limitations on
available resources, or advances in knowledge or
technology subsequent to publication of the guidelines.
However, a practitioner who employs an approach
substantially different from these guidelines is advised to
document in the patient record information sufficient to
explain the approach taken.

The practice of medicine involves not only the science,
but also the art of dealing with the prevention, diagnosis,
alleviation, and treatment of disease. The variety and
complexity of human conditions make it impossible to
always reach the most appropriate diagnosis or to predict
with certainty a particular response to treatment.

Therefore, it should be recognized that adherence to these
guidelines will not assure an accurate diagnosis or a
successful outcome. All that should be expected is that the
practitioner will follow a reasonable course of action
based on current knowledge, available resources, and the
needs of the patient to deliver effective and safe medical
care. The sole purpose of these guidelines is to assist
practitioners in achieving this objective.

. INTRODUCTION

Magnetic resonance imaging (MRI) of the liver is a
proven and useful tool for the evaluation, assessment of
severity, and follow-up of diseases of the liver. While
liver MRI is one of the most sensitive diagnostic tests for
detection and characterization of hepatic lesions, findings
may be misleading if not closely correlated with the
results of previous imaging studies, clinical history,
clinical examination, or physiologic tests. Adherence to
the following guideline will enhance the probability of
detecting such abnormalities.

1. QUALIFICATIONS AND
RESPONSIBILITIES OF PERSONNEL

See the ACR Practice Guideline for Performing and
Interpreting Magnetic Resonance Imaging (MRI).

1. INDICATIONS

Indications for MRI of liver include, but are not limited
to:

A. Primary Indications

1. Detection of focal hepatic lesions.
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2. Lesion characterization, i.e., cyst, focal fat,
hemangioma, hepatocellular carcinoma,
metastasis, focal nodular hyperplasia, hepatic
adenoma.

Evaluation for known or suspected metastasis.

Evaluation of vascular patency.

5. Evaluation of diffuse liver disease such as
hemochromatosis, hemosiderosis, fatty
infiltration.

6. Evaluation of cirrhotic liver.

7. Clarification of findings from other imaging
studies or laboratory abnormalities.

& w

B. Extended Indications

1. Potential liver donor evaluation.

2. Evaluation of tumor response to treatment, e.g.,
imaged-guided liver interventions/tumor
ablation, chemo embolization, or post-
chemotherapy or surgery.

3. Evaluation of known or suspected congenital
abnormalities.

V. SAFETY GUIDELINES AND POSSIBLE
CONTRAINDICATIONS

See the ACR Practice Guideline for Performing and
Interpreting Magnetic Resonance Imaging (MRI) and the

ACR White Paper on Magnetic Resonance Safety?.

Peer-reviewed literature pertaining to MR safety should
be reviewed on a regular basis [9,12].

V. SPECIFICATIONS OF THE
EXAMINATION

The supervising physician must have complete
understanding of the indications, risks, and benefits of the
examination, as well as alternative imaging procedures.
The physician must be familiar with potential hazards
associated with MRI, including potential adverse
reactions to contrast media. The physician should be
familiar with relevant ancillary studies that the patient
may have undergone. The physician performing MRI
interpretation must have a clear understanding and
knowledge of the anatomy and pathophysiology relevant
to the MRI examination.

The written or electronic request for MRI of the liver
should provide sufficient information to demonstrate the
medical necessity of the examination and allow for its
proper performance and interpretation.

Lin 2007 the following updated version was published: ACR
Guidance Document for Safe MR Practices. AJR 2007; 188:1-
27.

Documentation that satisfies medical necessity includes 1)
signs and symptoms and/or 2) relevant history (including
known diagnoses). Additional information regarding the
specific reason for the examination or a provisional
diagnosis would be helpful and may at times be needed to
allow for the proper performance and interpretation of the
examination.

The request for the examination must be originated by a
physician or other appropriately licensed health care
provider. The accompanying clinical information should
be provided by a physician or other appropriately licensed
health care provider familiar with the patient’s clinical
problem or question and consistent with the state’s scope
of practice requirements. (ACR Resolution 35, adopted in
2006)

The supervising physician must also understand the pulse
sequences to be employed and their effect on the
appearance of the images, including the potential
generation of image artifacts. Standard imaging protocols
may be established and varied on a case-by-case basis
when necessary. These protocols should be reviewed and
updated periodically.

A. Patient Selection

The physician responsible for the examination shall
supervise patient selection and preparation, and be
available in person or by phone for consultation. Patients
shall be screened and interviewed prior to the examination
to exclude individuals who may be at risk by exposure to
the MR environment.

Certain indications require administration of intravenous
(V) contrast media. IV contrast enhancement should be
performed using appropriate injection protocols and in
accordance with the institution’s policy on IV contrast
utilization. (See the ACR Practice Guideline for the Use
of Intravascular Contrast Media.)

Patients suffering from anxiety or claustrophobia may
require sedation or additional assistance. Administration
of moderate or “conscious” sedation may be needed to
achieve a successful examination. If moderate sedation is
necessary, refer to the ACR Practice Guideline for Adult
Sedation/Analgesia or the ACR Practice Guideline for
Pediatric Sedation/Analgesia.

B. Facility Requirements

Appropriate emergency equipment and medications must
be immediately available to treat adverse reactions
associated with administered medications. The equipment
and medications should be monitored for inventory and
drug expiration dates on a regular basis. The equipment,
medications, and other emergency support must also be
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appropriate for the range of ages and/or sizes in the
patient population.

C. Examination Technique

A phased array surface coil should be used (1), unless
precluded by patient body habitus. When possible, arms
should be positioned overhead, out of the field of view.
The field of view should be selected so that it is just large
enough to include the entire liver.

An adequate MRI examination of the liver is typically
performed in the axial plane, and coronal plane images
are added as necessary to improve the visualization of the
liver dome.

A satisfactory MRI of the liver should include an echo
train T2-weighted sequence or short-time-inversion
recovery (STIR) sequence in axial or coronal planes. T2-
weighted images can be obtained using a breath-hold or
non-breath-hold technique. When a non-breath-hold
technique is used, every effort should be made to
minimize the respiratory motion artifacts by using
multiple signal averages and/or respiratory compensation.
Alternatively STIR [3] or long-echo-train T2 sequence
can be used as a breath-hold sequence. For effective T2-
weighting, an echo time (TE) greater than 60 ms and
preferably greater than 80 ms should be used. Optimally,
slice thickness should approach 5 mm with an interslice
gap of 10% and should not exceed 10 mm and a 30% gap.

In-phase and out-of-phase chemical shift imaging may be
added for lesion characterization as this is a sensitive
technique for hepatic steatosis.

Intravenous contrast enhancement with gadolinium
chelates may be required for accurate diagnosis (4). Every
attempt should be made to use intravenous contrast except
when there is (a) no intravenous access, (b) known allergy
to gadolinium chelates and the patient is not premedicated
or, (c) relative contraindication to gadolinium chelates.
Dynamic MR imaging should be performed after bolus
administration of a gadolinium chelate contrast agent. T1-
weighted images should be acquired before gadolinium
contrast injection as well as during hepatic arterial, portal
venous, and equilibrium phases [5] using a 2D or 3D
technique. Additional delayed images may be added for
further improvement of lesion characterization in the
setting of certain lesions such as atypical hemangiomas
[6,7] or cholangiocarcinoma [8]. Frequency selective fat
saturation is preferable and is essential when using a 3D
technique [9]. It is advantageous to acquire 3D data sets
with isotropic and near isotropic resolution. When using a
2D technique, the slice thickness and interslice gap are
not to exceed 10 mm and 3 mm, respectively.

VI. DOCUMENTATION

Reporting should be in accordance with the ACR Practice
Guideline for Communication of Diagnostic Imaging
Findings.

VII. EQUIPMENT SPECIFICATIONS

The MRI equipment specifications and performance shall
meet all state and federal requirements. The requirements
include, but are not limited to, specifications of maximum
static magnetic strength, maximum rate of change of
magnetic field strength (dB/dt), maximum radiofrequency
power deposition (specific absorption rate), and
maximum acoustic noise levels.

VIIl.  QUALITY CONTROL AND
IMPROVEMENT, SAFETY, INFECTION
CONTROL, AND PATIENT EDUCATION
CONCERNS

Policies and procedures related to quality, patient
education, infection control, and safety should be
developed and implemented in accordance with the ACR
Policy on Quality Control and Improvement, Safety,
Infection Control, and Patient Education Concerns
appearing elsewhere in the ACR Practice Guidelines and
Technical Standards book.

Specific policies and procedures related to MRI safety
should be in place with documentation that is updated
annually and compiled under the supervision and
direction of the supervising MRI physician. Guidelines
should be provided that deal with potential hazards
associated with MRI examination of the patient as well as
to others in the immediate area [9,11,12,13,16,17,19].
Screening forms must also be provided to detect those
patients who may be at risk for adverse events associated
with the MRI examination [9,13,16,17].

Equipment monitoring should be in accordance with the
ACR Technical Standard for Diagnostic Medical Physics
Performance Monitoring of Magnetic Resonance Imaging
(MRI) Equipment.

ACKNOWLEDGEMENTS

This guideline was developed according to the process
described in the ACR Practice Guidelines and Technical
Standards book by the Guidelines and Standards
Committee of the Commission on Neuroradiology.

Principal Drafter; Vamsi R. Narra, MD

ACR PRACTICE GUIDELINE

MRI of the Liver / 487


http://www.acr.org/SecondaryMainMenuCategories/quality_safety/guidelines/dx/comm_diag_rad.aspx
http://www.acr.org/SecondaryMainMenuCategories/quality_safety/guidelines/dx/comm_diag_rad.aspx
http://www.acr.org/SecondaryMainMenuCategories/quality_safety/guidelines/dx/comm_diag_rad.aspx
http://www.acr.org/SecondaryMainMenuCategories/quality_safety/guidelines/med_phys/mri_equipment.aspx
http://www.acr.org/SecondaryMainMenuCategories/quality_safety/guidelines/med_phys/mri_equipment.aspx
http://www.acr.org/SecondaryMainMenuCategories/quality_safety/guidelines/med_phys/mri_equipment.aspx

ACR Guidelines and Standards Committee

Neuroradiology

Suresh K. Mukherji, MD
John D. Barr, MD

John J. Connors, Ill, MD
John E. Jordan, MD
Emanuel Kanal, MD
Stephen A. Kieffer, MD
Eric J. Russell, MD
Sanjay K. Shetty, MD
Charles L. Truwit, MD
Patrick A. Turski, MD

Body MRI
Co-Chairs

Jeffrey Brown, MD
David A. Bluemke, MD
Jerry W. Froelich, MD
Michael L. Lipton, MD
Colin S. Poon, MD, PhD
Donald J. Schnapf, DO
Frank G. Shellock, PhD
Cynthia S. Sherry, MD
Barry Stein, MD

Paul T. Weatherall, MD

Robert C. Wallace, MD
Wade H. Wong, DO

William G. Bradley, Jr., MD, Chair, Commission

Comments Reconciliation Committee

Roma V. Gumbs, MD, Chair, CSC
Paul A. Larson, MD

Kimberly E. Applegate, MD, MS
David A. Bluemke, MD, PhD
William G. Bradley, Jr., MD, PhD
Jeffrey J. Brown, MD

Vamsidhar R. Narra, MD

Barry Stein, MD

Susan L. Voci, MD

REFERENCES/LITERATURE REVIEW

1.

Helmberger T, Holzknecht N, Lackerbauer CA, et al.
Phased array superficial coil and breath hold
techniqgue in MRI of liver: comparison of
conventional spin echo sequences with rapid fat
suppressing gradient echo and turbo-spin sequences.
Radiology 1995;35:919-924.

Mitchell DG, Palazzo J, Hann HW, et al.
Hepatocellular tumors with high signal on T1-
weighted MR images: chemical shift MR imaging
and histologic correlation. J Comput Assist Tomogr
1991;15:762-769.

Coates GG, Borrello JA, McFarland EG, et al.
Hepatic T2-weighted MRI: a prospective comparison
of sequences including breath-hold half-Fourier turbo
spin echo (HASTE). J Magn Reson Imaging
1998;8:642-649.

Yamashita Y, Hatanaka Y, Yamamoto H, et al.
Differential diagnosis of focal liver lesions: role of
spin-echo and contrast-enhanced dynamic MR
imaging. Radiology 1994;193:59-65.

Semelka RC, Helmberger TK. Contrast agents for
MR imaging of the liver: Radiology 2001;218:27-38.
Semelka RC, Brow ED, Ascher SM, et al. Hepatic
hemangiomas: a multi-institutional  study of
appearance on T2-weighted and serial gadolinium-
enhanced gradient echo MR images. Radiology
1994;192:401-406.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Soyer P, Bluemke DA, Reichle R, et al. Imaging of
intrahepatic cholangiocarcinoma 2. Hilar cholangio-
carcinoma. AJR 1995;165:1433-1466.

Rofsky NM, Lee VS, Laub G, et al. Abdominal MR
imaging with a volumetric interpolated breath-hold
examination. Radiology 1999;212:876-884.

Shellock FG, Crues JV. MR procedures: biologic
effects, safety, and patient care. Radiology
2004;232:635-652.

Shellock FG. MR safety update 2002: implants and
devices. J Magn Reson Imaging 2002;16:485-496.
Shellock FG. Biomedical implants and devices:
assessment of magnetic field interactions with a 3.0-
Tesla MR system. J Magn Reson Imaging
2002;16:721-732.

Shellock FG. Reference Manual for Magnetic
Resonance Safety, Implants, and Devices. 2005
edition. Los Angeles, Calif: Biomedical Research
Publishing Group; 2005.

Shellock FG. Magnetic Resonance Procedures:
Health Effects and Safety. Boca Raton, Fla: CRC
Press; 2001.

Rezai AR, Finelli D, Nyenhuis JA, et al.
Neurostimulation systems for deep brain stimulation:
in vitro evaluation of magnetic resonance imaging-
related heating at 1.5 Tesla. J Magn Reson Imaging
2002;15:241-250.

Finelli DA, Rezai AR, Ruggieri P, et al. MR
imaging-related heating of deep brain stimulation
electrodes: an in vitro study. AJNR 2002;23:1795-
1802.

Shellock FG, Tkach JA, Ruggieri PM, et al.
Aneurysm clips: evaluation of magnetic field
interactions and translational attraction by use of
“long-bore” and “short-bore” 3.0-T MR imaging
systems. AJNR 2003;24:463-471.

Sawyer-Glover AM, Shellock FG. Pre-MRI
procedure screening: recommendations and safety
considerations for biomedical implants and devices. J
Magn Reson Imaging 2000;12:92-106.

Colletti PM. Magnetic resonance procedures and
pregnancy. In: Shellock FG, ed. Magnetic Resonance
Procedures: Health Effects and Safety. Boca Raton,
Fla: CRC Press; 2001.

*Guidelines and standards are published annually with an
effective date of October 1 in the year in which amended,
revised or approved by the ACR Council. For guidelines
and standards published before 1999, the effective date
was January 1 following the year in which the guideline
or standard was amended, revised, or approved by the
ACR Council.

Development Chronology for this Guideline

2005 (Resolution 3)
Amended 2006 (Resolution 35)

488 / MRI of the Liver

ACR PRACTICE GUIDELINE



