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(Excluding 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 of
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.

l. INTRODUCTION

Magnetic resonance imaging (MRI) of the abdomen is a
proven and useful tool for the evaluation, assessment of
severity, and follow-up of diseases of the abdomen. It
should be performed only for a valid medical reason. MRI
of the abdomen is an evolving technology involving a
variety of pulse sequences and protocols that are
continuously being modified and improved. Detailed
imaging protocols have been omitted here to avoid
promoting obsolete methodology. This document pertains
to the MRI assessment of the abdomen excluding the
liver. For practice guidelines pertaining to the liver, see
the ACR Practice Guideline for the Performance of
Magnetic Resonance Imaging (MRI) of the Liver.

The choice of MRI of the abdomen requires an analysis of
the strengths of MRI as well as its suitability for the
particular patient and particular clinical situation. For
suspected lesions requiring a technique to detect subtle
soft-tissue contrast (lesion characterization), to provide a
three-dimensional depiction of a lesion, and to image
other than with ionizing radiation or in a patient with an
allergy to iodinated contrast and a need for intravenous
contrast enhancement, MRI might be the procedure of
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choice provided that the patient does not have a
contraindication to MRI (see section IV below).

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 the abdomen (excluding the liver)
include, but are not limited to:

A. Pancreas

1. Detection of pancreatic tumors.

2. Characterization of indeterminate lesions and/or
unexplained enlargement detected with other
imaging modalities.

3. Evaluation of pancreatic duct obstruction or
dilatation.

4. Detection of pancreatic duct anomalies.

5. Evaluation of pancreatic or peripancreatic fluid
collections or fistulae.

6. Evaluation of chronic pancreatitis to include
estimating pancreatic exocrine function.

7. Evaluation of complicated acute pancreatitis.

8. Preoperative  assessment  of  pancreatic
neoplasms.
9. Postoperative/treatment follow-up after

pancreatic surgery.

B. Spleen
1. Characterization of indeterminate lesions
detected with other imaging modalities.
2. Detection and characterization of suspected
diffuse abnormalities of the spleen.
3. Evaluation of suspected accessory splenic tissue.

C. Kidneys, Ureters, and Retroperitoneum

1. Detection of renal tumors.

2. Characterization of indeterminate lesions
detected with other imaging modalities.

3. Preoperative assessment of renal neoplasms to
include evaluation of the renal vein and inferior
vena cava.

4. Evaluation of the urinary tract for abnormalities
of anatomy or physiology (MR urography).

5. Postprocedure surveillance after renal tumor
ablation or surgical extirpation via partial or
complete nephrectomy.

6. Evaluation of ureteral abnormalities.

7. Evaluation of suspected retroperitoneal fibrosis.

D. Adrenal Glands
1. Detection of suspected pheochromocytoma and
functioning adrenal adenoma.

2. Characterization of indeterminate lesions
detected with other imaging modalities.

E. Vascular (See the ACR-ASNR-SNIS-SPR Practice
Guideline for the Performance of Pediatric and Adult
Cervicocerebral Magnetic Resonance Angiography
[MRA]).

F. Bile Ducts and Gallbladder

1. Detection and post treatment follow-up of bile
duct and gallbladder cancer.
Detection of bile duct or gallbladder stones.
Evaluation of dilated bile duct.
Preoperative staging of cholangiocarcinoma.
Evaluation of suspected congenital abnormalities
of the gallbladder or bile ducts.

arwn

G. Gastrointestinal Tract and Peritoneum

1. Preoperative assessment of gastric neoplasms.

2. Preoperative staging of rectal carcinoma.

3. Assessment of inflammatory disorders of the
small or large bowel and mesenteries.

4. Assessment of acute abdominal pain (e.g.,
appendicitis) in pregnant patients.

5. Detection and evaluation of primary and
metastatic peritoneal or mesenteric neoplasms.

6. Detection and characterization of intra-
abdominal fluid collections.

H. Other

1. Imaging follow-up of abnormalities of the
abdomen deemed indeterminate on initial MRI
and for which surgery is not advised.

2. Detection and characterization of extraperitoneal
neoplasms other than above.

3. Evaluation of the abdomen as an alternative to
computed tomography (CT) when radiation
exposure is an overriding concern in susceptible
patients such as pregnant or pediatric patients, or
in patients with a contraindication to iodinated
contrast agents.

(AVA SAFETY GUIDELINES AND POSSIBLE
CONTRAINDICATIONS

See the ACR Practice Guideline for Performing and
Interpreting Magnetic Resonance Imaging (MRI), the
ACR Guidance Document for Safe MR Practices [1], and
the ACR Manual on Contrast Media [2].

Peer-reviewed literature pertaining to MR safety should
be reviewed on a regular basis [1,3].

V. SPECIFICATIONS OF THE
EXAMINATION

The supervising physician must have complete
understanding of the indications, risks, and benefits of the
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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 abdomen
should provide sufficient information to demonstrate the
medical necessity of the examination and allow for its
proper performance and interpretation.

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 used 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 should
supervise patient selection and preparation, and be
available in person or by phone for consultation. Patients
must 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
use. (See the ACR Practice Guideline for the Use of
Intravascular Contrast Media.)

Patients suffering from anxiety or claustrophobia, or who
are unable to cooperate or suspend respiration may

require sedation or additional assistance. Administration
of sedation may be necessary to achieve a successful
examination. If sedation is necessary, refer to the ACR-
SIR Practice Guideline for 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
appropriate for the range of ages and sizes in the patient
population.

C. Examination Technique

A phased array surface coil should be used unless
precluded by patient body habitus or condition [4]. The
field of view should be selected to provide the highest
resolution possible that includes the entire region or organ
of interest and allows for an adequate signal-to-noise ratio
(SNR). Multiple acquisitions with repositioning of the
surface coil may be necessary when the region of interest
exceeds the potential field of view of the surface coil. For
most applications, evaluation of the abdomen should
include T1-weighted and T2-weighted images.
Acquisitions in multiple imaging planes may be beneficial
in defining anatomic relationships. For most applications,
slice thickness for acquisitions should not exceed 1 cm
with the interslice gap not exceeding 3 mm, although
thinner slices and gaps are desirable.

T1-weighted imaging may be performed using a
conventional spin echo, echo train spin echo (TSE) or fast
spin echo (FSE), or gradient echo sequence. T2-weighted
images may be accomplished using one of the fast spin
echo sequences (TSE or FSE) or a hybrid gradient and
spin echo (GRASE) technique [5]. Fat suppression is
frequently beneficial during T2-weighted imaging and
may be accomplished using short tau inversion recovery
(STIR), chemically selective fat saturation or spectral
presaturation inversion recovery (SPIR), or other forms of
fat suppression such as water excitation and Dixon-based
techniques.

While fast gradient echo T1-weighted images can usually
be acquired during breath-holding, conventional and fast
spin echo T2-weighted imaging is often complicated by
motion. Breath-hold techniques can be used for T2-
weighted imaging if the scan time is reduced by (a) long
echo trains, (b) half-Fourier imaging, and/or (c) use of
parallel imaging techniques. Other strategies include
respiratory compensation (respiratory ordered phase
encoding), respiratory triggering with respiratory bellows
[6], or the use of navigator pulses [7,8] to correct for
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motion during free breathing. A recent advance in motion
correction is the acquisition of k-space data in concentric
rectangular strips [9] rotated about central k-space, which
has recently shown promise in reducing motion artifact in
the abdomen [10,11].

Three-dimensional (3D) techniques are available for both
T1-weighted and T2-weighted imaging. Numerous
advantages over 2D sequences include higher inherent
SNR, higher in-plane and through-plane resolution, and
homogenous fat suppression [12], most of which are
better realized in T1-weighted imaging. Isotropic voxel
dimensions allow multiplanar reconstructions that may
obviate the need for additional acquisition in other planes.
Limited early data have shown varying degrees of
diagnostic performance but have illustrated the value of
T2 3D imaging for the depiction of complex anatomy [13-
15].

Intravenous contrast enhancement with gadolinium
chelates is beneficial to detect and characterize many
intra-abdominal neoplasms, vascular abnormalities, and
inflammatory processes. However, the use of gadolinium
may be omitted when noncontrast images are sufficiently
diagnostic if in the opinion of the supervising physician,
the administration of intravenous contrast is unlikely to be
of further benefit to the patient. Intravenous contrast may
also be omitted when there is (a) no intravenous access,
(b) a history of prior allergic-type reaction to gadolinium
chelates and the patient has not been premedicated, (c) a
relative contraindication to gadolinium chelates (such as
pregnancy), (d) severe renal insufficiency estimated
glomerular filtration rate ([eGFR] <30 mL/min) or acute
renal insufficiency of any severity in the setting of
hepatorenal syndrome or in the perioperative
transplantation period [16], or () known or suspected
diagnosis of nephrogenic systemic fibrosis. Contrast-
enhanced images in dynamic fashion (including
precontrast, arterial, venous, and equilibrium phase
images) are beneficial for evaluating blood vessels and
tumors of the solid organs [17-20]. Subtraction images
may also be generated, which can be helpful in
identifying tumor enhancement [21]. Postcontrast
enhanced imaging may be performed with a 2D or 3D
technique. 3D imaging allows isotropic or near isotropic
resolution and facilitates multiplanar reconstructions [22].
The use of fat suppression during dynamic contrast-
enhanced, T1-weighted imaging is encouraged, as it
improves the conspicuity of enhancing structures and
abnormalities. Fat suppression can be accomplished using
chemically selective fat saturation techniques, water
excitation, or Dixon technique. STIR should be avoided
for gadolinium-enhanced T1-weighted imaging, as
enhancement due to gadolinium can be suppressed with
this technique.

Delayed postcontrast T1-weighted imaging can be useful
in detecting pathology in the urinary tract (excretory MR

urography) [23-25]. Intravenous hydration and/or diuretic
administration has been shown to improve visualization
of the nondilated collecting system [26,27] and ureters
[28] during excretory MR urography. Delayed imaging
may also be useful in diagnosing cancer of the biliary
system [29].

The use of an oral contrast agent for MRI of the abdomen
is considered optional but may occasionally be beneficial
for gastrointestinal imaging [30]. Negative oral contrast
agents may be helpful in selected cases to suppress signal
and reduce artifact from bowel contents when imaging
other organs or structures such as the peritoneum,
pancreato biliary tree, or urinary system. When using oral
contrast media for assessing the small bowel (MR
enterography), an agent that produces a dark enteric
lumen on T1-weighted images is recommended to allow
detection of mural enhancement after intravenous
administration of a gadolinium chelate. Administration of
spasmolytic agents, such as glucagon [31] can reduce
peristalsis and its resultant motion artifact. This can be
particularly helpful for contrast enhanced fast gradient
echo T1-weighted imaging of the bowel (MR
enterography) [32] or for evaluating the mesentery and
peritoneal surfaces [33].

Inclusion of at least one in-phase and out-of-phase
gradient echo sequence is useful for detecting intracellular
lipid within certain adrenal (e.g., adenoma) and renal
(e.g., clear cell carcinoma) tumors and to confirm fatty
infiltration of organs such as the pancreas [4,34-40].
Either a single dual echo gradient echo sequence or
separate gradient echo sequences that differ in echo times
may be performed, although breath-held dual echo
sequences are generally preferable.

The addition of a heavily T2-weighted magnetic
resonance cholangiopancreatography (MRCP) sequence
may be beneficial for evaluating the biliary and pancreatic
ducts [41-44]. The use of secretin has been shown to
significantly improve visualization of the pancreatic duct
during MRCP, which can aid in the diagnosis of anatomic
variants [45-47], chronic pancreatitis [48,49], and side-
branch intraductal papillary mucinous neoplasms [50],
and in quantifying pancreatic exocrine function [51,52],
T2-weighted imaging is usually performed using a rapid
acquisition relaxation enhance (RARE) or half-Fourier
single-shot echo train spin echo sequence. These
sequences can be performed as a thick slab acquisition in
multiple projections or as multiple thin (less than 5 mm)
slices in at least one imaging plane during breath holding.
Three-dimensional respiratory triggered T2-weighted FSE
techniques can also be used, potentially offering improved
SNR and spatial resolution [53]. Such heavily T2-
weighted sequences may also serve to evaluate dilated
renal collecting systems (static-fluid MR urography)
[24,54]. The addition of an additional sequence, such as
dynamic T1-weighted or FSE T2-weighted imaging, can
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aid in the assessment of periductal tissues, in the
evaluation for causes of extrinsic ductal compression, and
in the staging of cholangiocarcinoma [55,56].

In recent years, 3 T imaging systems have become widely
available. While experience in the abdomen remains
relatively limited, potential advantages include increased
SNR [57] and increased conspicuity of enhancement after
administration of a gadolinium chelate [58]. Potential
disadvantages include decreased image contrast on T1-
weighted images, increased susceptibility artifact,
increased chemical shift artifact, increased specific
absorption rate (SAR), and signal inhomogeneity [59].
The latter can be partially compensated for by the use of
radiofrequency cushions [60]. In short, 3 T imaging can
offer substantial improvements in SNR and spatial
resolution, and/or decreases in imaging times, but
sequence modifications are often required to maintain
desired image contrast and reduce artifacts.

Parallel imaging (PI) techniques take advantage of spatial
sensitivity information from multiple independent
receiver coil elements in order to reduce the number of
phase encoding steps, therefore reducing scan times [61].
The two strategies currently used include sensitivity
encoding (SENSE), which works in the “image’ domain,
and simultaneous acquisition of spatial harmonics
(SMASH), which works in the “k-space” domain. Parallel
imaging techniques can not only shorten overall
examination duration, but they can also expand the
options for breath-hold imaging and result in decreased
blurring on echo train sequences such as single shot FSE.
The primary penalty for this time savings is modestly
reduced SNR [62]. There is a potentially synergistic effect
between PI and imaging at 3T: (1) the decreased SNR
inherent to Pl is partially offset by the increased SNR of
3T, and (2) the SAR issues inherent to 3T can be offset by
a reduced number of phase encoding steps [63].

Diffusion weighted imaging (DWI) has recently been
investigated for abdominal application [64]. Most
research to date has centered on oncologic applications,
either for staging disease or monitoring response to
therapy [65-71]. The most common technique uses single
shot echo planar imaging (SS-EPI). Breath-held, free
breathing multiple-averaging, and respiratory gated SS-
EPI techniques have been described [72,73]. Pl can be
used to decrease imaging time, and has been shown to
result in accurate Apparent diffusion coefficient (ADC)
values [74]. DWI has shown promising results in early
research and at least appears to be a value-added adjunct
sequence capable of revealing additional sites of disease
in the abdomen [69]. ADC maps can be generated to help
differentiate between restricted diffusion and T2 shine-
through. At least two b-values are obtained, including b =
0 s/mm? and b = 500 to 1,000 s/mm?.

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 must
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

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 appearing under
the heading Position Statement on QC & Improvement,
Safety, Infection Control, and Patient Education on the
ACR web page (http://www.acr.org/quidelines).

Specific policies and procedures related to 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 examinations to the patient as well as to others in the
immediate area [1,3-7]. Screening forms must also be
provided to detect those patients who may be at risk for
adverse events associated with the MRI examination
[1,3,6,7].

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