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AND ADULT BODY MAGNETIC RESONANCE ANGIOGRAPHY (MRA)

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.

l. INTRODUCTION

Magnetic resonance angiography (MRA) is a proven and
useful tool for the evaluation, assessment of severity, and
followup of diseases of the vascular system. MRA is a
rapidly evolving technology. Consequently, only general
recommendations can be made regarding imaging
techniques. Detailed imaging protocols have been omitted
to avoid promoting obsolete methodology. This document
pertains to the assessment of vessels below the thoracic
inlet, referred to as body MRA. For information on
assessment of vessels of the head and neck, see the
Practice Guideline for the Performance of Pediatric and
Adult Cerebrovascular Magnetic Resonance Angiography
(MRA).

Body MRA should be performed only for a valid medical
reason. Additional or specialized pulse sequences are
frequently required to optimize the examination. While it
is not possible to detect all abnormalities by using MRA,
adherence to the following guideline will enhance the
probability of their detection.

MRA has important attributes that make it valuable in the
assessment of vascular disease. Compared to radiographic
catheter-based invasive angiography, it is noninvasive
with no risk of arterial injury or adverse effects from
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iodinated contrast media. Compared to vascular
ultrasound, it is less operator dependent, yields images of
the vascular system in a format familiar to referring
physicians, is less limited by body habitus, and has
greater three-dimensional capability.

MRA is also useful in diagnosis of vascular disease in
children. Pediatric MRA may require specialized imaging
approaches to accommodate the different spectrum of
disease as compared to that seen in adults.

Application of this guideline should be in accordance with
the ACR Practice Guideline for Performing and
Interpreting Magnetic Resonance Imaging (MRI), the
ACR Practice Guideline for Pediatric Sedation/Analgesia,
and the ACR Practice Guideline for Adult Sedation/
Analgesia.

(For pediatric considerations, see sections IlI. B. 4, and
V.C)

1. QUALIFICATIONS AND
RESPONSIBILITIES OF PERSONNEL

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

The physician responsible for performing body MRA
must fully appreciate the benefits, alternatives, and risks
of the procedure. He/she must have a thorough
understanding of thoracic, abdominal, and extremity
anatomy (including congenital and developmental
variants and common collateral pathways).

1. INDICATIONS
A. General Considerations

Adult indications for body MRA include, but are not
limited to, the definition and evaluation of the following:

1. Presence and extent of atherosclerotic occlusive
disease and thromboembolic phenomena.

2. Etiology of visceral, thoracic, abdominal, or
pelvic hemorrhage.

3. Relevant vascular anatomy for determining the
effect of therapeutic measures, including post-
treatment evaluation of endovascular treatment
of aneurysm, stenosis, and arteriovenous
malformation (AVM) ablation.

4. Presence, location, and anatomy of aneurysms
and vascular malformations.

5. Presence, nature, and extent of injury to vessels,
including dissection.

6. Vascular supply to tumors.

Presence of venous disease.

8. Nature and extent of other congenital or acquired
vascular abnormality.

~

B. Specific Considerations

1.

2.

Thoracic vasculature

MRA is useful for assessing the aorta and its
branch vessels and can be used to assess the
pulmonary vasculature. Indications for thoracic
MRA include, but are not limited to, the
definition and evaluation of the following:

a. Thoracic aorta
i. Aneurysm of the thoracic aorta and
branch vessels
ii. Post-traumatic pseudoaneurysm
iii. Acute aortic syndrome evaluation
a) Dissection
b) Intramural hematoma
c) Penetrating atherosclerotic ulcer
iv. Atheroembolic disease — identification
of aortic thrombi
v. Vasculitis
vi. Neoplasia, both primary and secondary
vii. Postoperative evaluations
a) Perianastamotic leaks
b) Infection
c) Pseudoaneurysm
viii. Stent-graft, including endoleaks
iX. Congenital disorders in adults, such as
arch anomalies, aortic coarctation, and
pulmonary vein anomalies
b. Coronary artery assessments
i.  Aberrant arterial anatomy
ii. Atherosclerotic narrowing
iii. Vasculitis
iv. Aneurysmal disease
c. Pulmonary venous evaluations
i.  Venous mapping prior to and following
radiofrequency ablation for atrial
fibrillation
d. Pulmonary arterial evaluations
i.  Thromboembolism
ii. Pulmonary artery hypertension
iii. Stenosis
iv. Vascular malformations
a) Pulmonary sequestration
b) Pulmonary arteriovenous
malformations
v. Neoplastic disease
e. Internal mammary and intercostal vessel
evaluations
f.  Bronchial arteries

Extremity evaluations
a. Arterial evaluations
i.  Atherosclerotic occlusive disease
a) Intermittent claudication
b) Acute and chronic critical ischemia
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c) Patients with previous interventions
(post-op)
i. Stents / stent grafts
ii. Bypass grafts
d) Atheroembolism
ii. Congenital anomalies
iii. Vasculitides
iv. Arterial fibrodysplasias
v. Postinterventional intimal hyperplasia
vi. Arterial entrapment syndromes
vii. Adventitial cystic disease
viii. Vascular malformations and fistulae
iX. Aneurysmal disease
X. Assessment of complications of arterial
bypass grafts
xi. Assessment of surgically created
dialysis fistulas
xii. Preoperative mapping of vascular
anatomy for plastic surgery graft
procedures
b. Assessment for vascular involvement with
musculoskeletal tumors
c.  Venous evaluations
i. Thrombus
a) Central
b) Peripheral
c) Effort thrombosis of the upper
extremity
d) Venous compression
ii. Venous malformations
iii. Varicose veins
iv. Venous incompetence
v. Assessment for vascular involvement
with musculoskeletal tumors
vi. Assessment of causes of peripheral
edema
a) Thrombus
b) Venous compression
c) Assessment of strictures from
indwelling catheters
vii. Assessment of patent vessels for venous
access
viii. Assessment of vein suitability as bypass
conduits

3. Abdominal and pelvic MRA
a. Diagnosis and/or assessment of the

following vascular abnormalities:

i.  Aneurysm of the aorta or branch vessels

ii. Stenosis or occlusion of the aorta and
major branch vessels resulting from
atherosclerotic disease, thromboembolic
disease, or large vessel vasculitis

iii. Dissection of the aorta

iv. Arteriovenous fistula or malformation

v. Portal, mesenteric, or splenic vein
thrombosis

Vi.

Inferior vena cava (IVC), renal vein, or
hepatic vein thrombosis

Vascular evaluation in one of the following
clinical scenarios:

i
ii.

iii.
iv.
V.

vi.
Vii.

Lower extremity claudication
Suspected renovascular hypertension
Suspected chronic mesenteric ischemia
Hemorrhagic hereditary telangiectasia
Suspected Budd-Chiari syndrome
Portal hypertension

Suspected gonadal vein reflux

Preprocedure assessment for the following:

iv.

V.

Vi.

Vascular mapping prior to living organ
donation

a) Hepatic

b) Renal

c) Pancreatic

Assessment of renal vein and IVC
patency in setting of renal cell
carcinoma

Vascular mapping prior to
portosystemic shunt surgery or TIPS
placement

Vascular mapping prior to resection of
abdominal and pelvic neoplasms
Vascular mapping prior to uterine
fibroid embolization

Vascular mapping prior to hepatic
chemo-embolization procedures

Postprocedure assessment for the following:

Evaluation of organ transplant vascular
anastomoses

Detection of suspected leak following
aortic aneurysm surgery or MR-
compatible aortic stent graft placement

Evaluation of ovarian artery collateral
flow following uterine fibroid embo-
lization

Pediatric indications for body MRA

MRA is particularly applicable in children due to
the risk (albeit low) related to angiographic
procedures. Various studies of children with
strokes that compared MRA to conventional
angiography found MRA to be 1) accurate in the
delineation of stenosis and/or occlusion, and 2)
able to demonstrate collateral vascular anatomy.
Indications for body MRA for children include,
but are not limited to, the definition and
evaluation of the following:

Acrterial dissection

Congenital anomalies of the aorta and
associated branch vessels

Vascular malformations of the trunk and
extremity

Vasculities

a.
b.
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e. Aneurysmal disease

f.  Vascular abnormalities associated with
sickle cell anemia

g. Blood supply to vascular neoplasms for
operative planning

h. Vascular anastomoses and complications of
organ transplants

i. Presence of visceral venous occlusive
disease

j. Postoperative anatomy following vascular
surgery

5. Evaluation of the aortic arch and subclavian
arteries in adults and children may require
separate techniques and sequences. Indications
include, but are not limited to, the following:

a. Dissection of the aorta and/or its branches

b. Aneurysm of the aorta and/or its branches,
and subclavian steal

c. Differentiation of aneurysms and masses

d. Definition of the relationship of masses to
nearby vascular structures

e. Identification of congenital abnormalities of
the aorta, such as coarctation, double arch,
and aberrant subclavian artery

f.  Evaluation of superior vena cava syndrome
or unilateral upper extremity edema

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 [86,87].

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.

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

The written or electronic request for body MRA 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 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.
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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/or sizes in the
patient population.

C. Examination Technique

Magnetic resonance angiography is a general term that
refers to a diverse group of MR pulse sequences. Four
different mechanisms can be used to generate signal from
flowing blood. The most common method, called time of
flight (TOF), relies on inflow enhancement to generate
images of blood flow. Flow images and quantitative
measurements of flow velocity can be obtained using
phase contrast (PC) MRA methods in which the image
contrast is generated by velocity induced phase shifts. A
third method relies on enhancement of the blood signal by
paramagnetic contrast agents and employs rapid, three-
dimensional (3D) T1-weighted gradient echo acquisitions.
A fourth method relies on a steady state free precession
(SSFP) sequence that captures the intrinsic T1 and T2
features of blood as bright signal. The SSFP renders
bright signal in patent arteries and veins; however, it
cannot selectively depict either system. Individuals using
MRA shall understand the artifacts and limitations of 2D
TOF, 3D TOF, 2D or 3D PC, and contrast-enhanced 3D
imaging techniques.

The most commonly used inflow techniques are 2D TOF
and 3D TOF. In 2D TOF acquisitions, multiple
contiguous thin slices are obtained and combined to form
a three-dimensional data set. The 3D techniques
inherently acquire a volume of data. With either approach
the vascular structures are delineated and emphasized by
selecting pixels with maximum intensity and projecting
these onto a plane (MIP) or by using volume-rendering
techniques.

The MRA data sets appear as two dimensional source
images. The supervising physician should review the
source images to reduce possible confusion of high signal
material (e.g., fat or thrombus) with flow signal. Review
of the source images also aids diagnosis by eliminating
overlapping structures and determining if artifacts are the
cause of spurious signal or signal loss.

MRA data are routinely postprocessed using a maximum
intensity projection (MIP) reconstruction algorithm or
volume rendering techniques. Rotating displays of three-
dimensional data sets allow separation of vessels that are
superimposed on routine projections. Additionally,

multiple views are needed to fully depict altered vascular
anatomy. Targeted MIP renderings should be made to
clarify areas of tortuosity and vessel overlap. The
supervising physician shall be familiar with MIP, surface
display, volume display, and multiplanar reformatting
techniques and with the limitations and strengths of each
method. The type and frequency of artifacts will vary with
the display technique; thus, the supervising physician
must understand the potential errors with each display
method.

Contrast-enhanced 3D MRA combines a fast T1-weighted
gradient echo acquisition with an intravenously
administered paramagnetic contrast agent. Such agents
reduce T1 relaxation time of blood and nearly eliminate
the loss of signal related to saturation effects, thus leading
to a more accurate assessment of stenoses. MRA with
contrast enhancement has documented efficacy in the
assessment of the arterial and venous systems in the
thorax, abdomen/pelvis, and extremities. MRA with
contrast does not require cardiac gating and is, therefore,
more widely applicable in patients with irregular cardiac
rhythms.  Furthermore, breath holding eliminates
respiratory artifacts, and artifacts due to flow related
enhancement are not encountered. These advantages
make MRA with contrast extremely useful for imaging of
the vasculature in the thorax, abdomen, pelvis, and
extremities.

PC MRA can be obtained as either a two-dimensional or
three-dimensional dataset. Intravenous  contrast
enhancement may also be employed to increase the signal
obtained from blood. PC techniques are based on the
physical properties of moving spins. As protons move
through a magnetic field, they acquire a phase shift
directly proportional to their velocity. The magnitude of
the phase shift can be measured, and an image of the
flowing blood can be generated. Display of the vessels is
similar to that of the TOF technique, although direction of
flow can also be indicated. PC MRA can be obtained
without or with ECG triggering. The application of ECG
triggering will typically lengthen the acquisition time.

It is essential to trigger the PC acquisition to the cardiac
cycle to measure flow velocity or flow volume. Therefore,
peripheral or cardiac gating should be available.

In infancy and childhood, MRA can provide valuable
information about the vascular system, particularly for the
assessment of vascular malformations. However,
technical and safety issues are more complex in pediatric
patients. The smaller size of the pediatric patient increases
the demand for higher resolution. In addition, sedation is
frequently required to successfully complete the
examination. Special attention to the appropriate dose of
contrast media and to methods of administration of
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contrast and fluid flush are needed in the infant
population.

VI. DOCUMENTATION

Reporting should be in accordance with the ACR Practice
Guideline for Communication of Diagnostic Imaging
Findings. In addition to examining the vascular structures
of interest, the MR source images should be examined for
extravascular abnormalities that may have clinical
relevance. These abnormalities should be described in the
formal report of the examination.

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 the
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 the MRI examination of the patient as
well as to others in the immediate area [82,84,86,87].
Screening forms must also be provided to detect those
patients who may be at risk for adverse events associated
with the MRI examination [82,84,86,87].

Equipment 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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