American College of Radiology

ACR Appropriateness Criteria®

Soft Tissue Vascular Anomalies: Vascular Malformations and Infantile Vascular Tumors
(Non-CNS)-Child

New 2023

Variant: 1 Infant. Clinical signs or symptoms of infantile hemangioma. Initial imaging.

Procedure Appropriateness Category | Peds Relative Radiation Level
US area of interest Usually Appropriate 0]
US duplex Doppler area of interest Usually Appropriate 0]
MRA and MRV area of interest without and with IV contrast May Be Appropriate 0]
MRI area of interest without and with IV contrast May Be Appropriate O
CT area of interest with IV contrast May Be Appropriate Varies
US area of interest with IV contrast Usually Not Appropriate 0]
Arteriography area of interest Usually Not Appropriate Varies
Radiography area of interest Usually Not Appropriate Varies
MRI area of interest without IV contrast Usually Not Appropriate 0]
CT area of interest without and with IV contrast Usually Not Appropriate Varies
CT area of interest without IV contrast Usually Not Appropriate Varies
CTA and CTV area of interest with IV contrast Usually Not Appropriate Varies

Variant: 2 Infant. Multiple cutaneous infantile hemangiomas, screening for infantile hepatic

hemangiomas. Initial imaging.

Procedure Appropriateness Category Peds Relative Radiation Level

US abdomen Usually Appropriate 0]
US duplex Doppler abdomen Usually Appropriate 0]
US abdomen with 1V contrast May Be Appropriate (Disagreement) 0]
Radiography abdomen Usually Not Appropriate

Arteriography abdomen Usually Not Appropriate

CTA and CTV abdomen with IV contrast Usually Not Appropriate

MRA and MRV abdomen without and with IV contrast Usually Not Appropriate 0]
MRI abdomen without and with IV contrast Usually Not Appropriate 0]
MRI abdomen without IV contrast Usually Not Appropriate 0]

CT abdomen with IV contrast

Usually Not Appropriate

CT abdomen without IV contrast

Usually Not Appropriate

CT abdomen without and with IV contrast

Usually Not Appropriate

Variant: 3 Child. Clinical signs or symptoms of vascular anomaly (tumor or malformation)

not suggesting infantile hemangioma. Initial imaging.
Procedure Appropriateness Category Peds Relative Radiation Level
US area of interest Usually Appropriate 0]
US duplex Doppler area of interest Usually Appropriate 0]
MRA and MRV area of interest without and with IV contrast Usually Appropriate 0]
MRI area of interest without and with IV contrast Usually Appropriate @]
US area of interest with IV contrast May Be Appropriate (Disagreement) o]




MRA area of interest without IV contrast May Be Appropriate (Disagreement) o]

MRI area of interest without IV contrast May Be Appropriate @]

Arteriography area of interest Usually Not Appropriate Varies
Radiography area of interest Usually Not Appropriate Varies
CT area of interest with IV contrast Usually Not Appropriate Varies
CT area of interest without and with IV contrast Usually Not Appropriate Varies
CT area of interest without IV contrast Usually Not Appropriate Varies
CTA and CTV area of interest with IV contrast Usually Not Appropriate Varies

Variant: 4 Child. Ultrasound features raise suspicion for vascular malformation. Next

imaging study.

Procedure Appropriateness Category | Peds Relative Radiation Level
MRA and MRYV area of interest without and with IV contrast Usually Appropriate O
MRI area of interest without and with IV contrast Usually Appropriate O
CT area of interest with IV contrast May Be Appropriate Varies
CTA and CTV area of interest with IV contrast May Be Appropriate Varies
US area of interest with 1V contrast Usually Not Appropriate o]
Arteriography area of interest Usually Not Appropriate Varies
Radiography area of interest Usually Not Appropriate Varies
MRI area of interest without IV contrast Usually Not Appropriate 0]
CT area of interest without and with IV contrast Usually Not Appropriate Varies
CT area of interest without IV contrast Usually Not Appropriate Varies

Variant: 5 Child. Established diagnosis of vascular malformation presenting with new or

persistent signs or symptoms. Initial imaging.

Procedure Appropriateness Category | Peds Relative Radiation Level
US duplex Doppler area of interest Usually Appropriate @]
MRA and MRV area of interest without and with IV contrast Usually Appropriate 0]
MRI area of interest without and with IV contrast Usually Appropriate O
US area of interest May Be Appropriate O
US area of interest with IV contrast May Be Appropriate @]
Arteriography area of interest Usually Not Appropriate Varies
Radiography area of interest Usually Not Appropriate Varies
MRI area of interest without IV contrast Usually Not Appropriate @]
CT area of interest with IV contrast Usually Not Appropriate Varies
CT area of interest without and with IV contrast Usually Not Appropriate Varies
CT area of interest without IV contrast Usually Not Appropriate Varies
CTA and CTV area of interest with IV contrast Usually Not Appropriate Varies
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Summary of Literature Review

Introduction/Background

Soft tissue vascular anomalies (VAs) may be diagnosed prenatally or at any time during life [1-3].
Anomalies of the soft tissues may be located in the extremities, face, scalp, neck, airway,
thoracoabdominal wall, mediastinum, lungs, and abdomen (mesentery, retroperitoneum, and
viscera). They may be associated with syndromes and may signal the presence of internal vascular
lesions. Soft tissue VAs are subdivided into broad categories of vascular malformations (VMs) and
vascular tumors (VTs). VTs are true neoplasms with increased mitotic activity and

endothelial cell turnover; VMs are composed of abnormal or defective formation of vascular tissue
[4] (see Appendix 1).

The prevalence of VMs varies by type: venous malformations (70%), lymphatic malformations
(12%), arteriovenous malformations (AVMs) (8%), combined malformation syndromes (6%), and
capillary malformations (4%) [5]. They may be divided into simple (further divided into low-flow or
fast-flow VMs) or combined. Lowflow, simple VMs often contain 1 type of low-flow vessel: capillary,
lymphatic, or venous vessel. AVMs or arteriovenous fistulas (AVFs) are fast-flow, simple VMs.
Combined VMs are composed of more than 2 types of simple VM components and may be named
for a major vessel [4,6]. Complex anomalies may be associated with overgrowth syndromes, which
are often composed of infiltrative venous and lymphatic tissues through thickened subcutaneous
fat affecting the trunk and/or limbs [7-10] (see Appendix 2).

VTs are divided into masses that behave in a benign, locally aggressive, borderline, or malignant
manner. The most common benign VT is infantile hemangioma, which presents in the newborn
period, whereas other VTs, malignant and other aggressive vascular lesions, may be diagnosed at
any age. Most benign lesions are observed or treated in a noninvasive manner. Locally aggressive
and borderline VTs present shortly after birth and may present with thrombocytopenia and/or a
consumptive coagulopathy, which can complicate treatment. Malignant VTs are rapidly growing
masses found in children of all ages, are often more aggressive than similar tumors in adults, and
may be difficult to accurately diagnose due to poorly differentiated cell type [4,6].

This document pertains mainly to lesions that are easily accessible to imaging unless specified
otherwise and does not include a discussion of central nervous syndrome (CNS) VA. For a
discussion of VMs of the extremities and lungs in adults, please see the ACR Appropriateness
Criteria® topics on “Clinically Suspected Vascular Malformation of the Extremities” [11] and
“Clinically Suspected Pulmonary Arteriovenous Malformation (PAVM)” [12] for further guidance.

Initial Imaging Definition

Initial imaging is defined as imaging at the beginning of the care episode for the medical condition
defined by the variant. More than one procedure can be considered usually appropriate in the
initial imaging evaluation when:

e There are procedures that are equivalent alternatives (i.e., only one procedure will be ordered



to provide the clinical information to effectively manage the patient’s care)
OR

e There are complementary procedures (i.e.,, more than one procedure is ordered as a set or
simultaneously wherein each procedure provides unique clinical information to effectively
manage the patient’s care).

Discussion of Procedures by Variant
Variant 1: Infant. Clinical signs or symptoms of infantile hemangioma. Initial imaging.

Infantile hemangiomas are the most common benign neoplasm of infancy, with a prevalence of 4%
to 5% [13]. Infantile hemangiomas, distinct from VMs, are a true neoplasm rather than an
abnormality of embryonic development of vascular tissue (see Appendix 1). They become clinically
evident within the first few weeks of life and progress through phases of latency, growth, and
plateau, predictably by the first year of life; in rare cases, growth continues through 24 months of
age. With either complete or partial involution, lesion regression is completed by 4 years of age in
90% of cases but may continue through to 8 years of age [13,14]. Risk factors for having infantile
hemangiomas include prematurity, White race (3%-10%), and female sex (female:male ratio

range 1.4:1 to 3:1) [15].

Most infantile hemangiomas are diagnosed clinically, and imaging is useful for superficial lesions
with atypical features or deep lesions, which are difficult to assess physically. Central or segmental
location in the face and/or ears, breast, and midline lumbosacral region; lesions =4 cm; a presence
of =5 hemangiomas; age of the patient; and growth rate can indicate the need for imaging [16,17].
In a recent study of 185 untreated infantile hemangiomas, photographs of lesions were studied to
evaluate physical characteristics to distinguish the lesions associated with

combined superficial and deep components. Therefore, it is important to understand both the
superficial clinically evident findings of the surface and margins of the lesion and its extension into
deep soft tissues to make recommendations for imaging and course of treatment when indicated.

A rare, but important, location of infantile hemangiomas is in the airway, because rapid
proliferation of the VT can obstruct the airway. Infantile hemangiomas of the airway are most
commonly localized in the subglottic airway but may be more diffuse, in a beard-like distribution
throughout the soft tissues overlying the mandible and neck [18]. Subglottic infantile
hemangiomas may also extend from the neck into the mediastinum. Infantile hemangioma may
also be associated with VAs of other organs. PHACE, an acronym for posterior fossa malformations,
hemangioma, arterial anomalies, coarctation of the aorta/cardiac defects, and eye abnormalities,
is predominantly a neurovascular malformation syndrome [19]. Imaging of the non-CNS lesionsin
PHACE syndrome, although not specifically addressed, are included in the recommendations of
Variant 1. Imaging recommendations of hepatic hemangiomas found in patients with multiple
cutaneous infantile hemangiomas are presented in Variant 2.

In the narrative below, “area of interest” can refer to the following: abdomen, chest, head, neck,
pelvis, elbow, face, foot, forearm, hand, hip, knee, lower leg, shoulder, thigh, and upper arm.

Variant 1: Infant. Clinical signs or symptoms of infantile hemangioma. Initial imaging.
A. Arteriography area of interest



There is no relevant literature to support the use of arteriography of the area of interest as the
initial imaging modality in infants with infantile hemangiomas.

Variant 1: Infant. Clinical signs or symptoms of infantile hemangioma. Initial imaging.
B. CT area of interest with IV contrast

When optimal imaging of the airway is required, as with hemangiomas involving the supra- or
infraglottic airway or when in a beard-like distribution over the face and neck, CT with intravenous
(IV) contrast may be useful. In a study of 11 children with hemangiomas of the upper airway who
underwent CT, Koplewitz et al [20] found CT to have an improved definition of the airway lesion,
presence, localization, and complete extent of the lesion and a more accurate size assessment
compared with bronchoscopy.

Variant 1: Infant. Clinical signs or symptoms of infantile hemangioma. Initial imaging.
C. CT area of interest without and with 1V contrast

There is no relevant literature to support the use of CT area of interest without and with IV contrast
as the initial imaging modality in infants with infantile hemangiomas. In the study by Koplewitz et
al [20], noncontrast and contrast-enhanced CT scans were performed. It was found that the lesions
appeared larger after IV contrast was given and that the complete extent and localization of the
lesion could be best defined.

Variant 1: Infant. Clinical signs or symptoms of infantile hemangioma. Initial imaging.
D. CT area of interest without IV contrast

There is no relevant literature to support the use of CT area of interest without IV contrast as the
initial imaging modality in infants with infantile hemangiomas.

Variant 1: Infant. Clinical signs or symptoms of infantile hemangioma. Initial imaging.
E. CTA and CTV area of interest with IV contrast

There is no relevant literature to support the use of CT angiography (CTA) or CT venography (CTV)
area of interest with IV contrast as the initial imaging modality in infants with infantile
hemangiomas.

Variant 1: Infant. Clinical signs or symptoms of infantile hemangioma. Initial imaging.
F. MRA and MRV area of interest without and with 1V contrast

Dynamic MR angiography (MRA) and MR venography (MRV) with IV contrast of untreated
infantile hemangiomas is capable of showing supplying arterial and draining venous vessels [15].

Variant 1: Infant. Clinical signs or symptoms of infantile hemangioma. Initial imaging.
G. MRI area of interest without and with 1V contrast

MRI of the area of interest without and with IV contrast in patients with infantile hemangiomas
may be useful when clinically determining the complete extent of the lesion is not possible, such as
when the infantile hemangiomas of the face and deep facial structures or periorbital and
intraorbital extent must be defined, when lumbosacral region infantile hemangiomas are present
and underlying tethering or other spinal cord anomaly may be present, and there are beard-type
infantile hemangiomas that occupy the pharyngeal region and may affect the oropharyngeal
airway. MRI may also be useful in patients with infantile hemangiomas in anatomic locations, when
the presence or growth of the lesion may be disfiguring or interfere with sight or hearing, the face,
airway, ears, or breast [17].

Variant 1: Infant. Clinical signs or symptoms of infantile hemangioma. Initial imaging.
H. MRI area of interest without IV contrast



There is no relevant literature to support the use of MRI of the area of interest without IV contrast
as the initial imaging modality for infants with infantile hemangiomas.

Variant 1: Infant. Clinical signs or symptoms of infantile hemangioma. Initial imaging.
I. Radiography area of interest

There is no relevant literature to support the use of radiography area of interest as the initial
imaging modality in infants with infantile hemangiomas.

Variant 1: Infant. Clinical signs or symptoms of infantile hemangioma. Initial imaging.
J. US area of interest

Ultrasound (US) of the area of interest is useful to distinguish imaging features of infantile
hemangiomas from VMs. Paltiel et al [21] studied 49 lesions and Ding et al [14] studied 66 lesions,
describing US imaging characteristics of superficial and deep infantile hemangiomas from well-
circumscribed mixed echogenicity solid masses with central and peripheral vessels on grayscale US.
Both groups showed that US is useful in distinguishing infantile hemangiomas from VMs and for
identifying infantile hemangiomas, which may be combined with other

VA components [14,21].

Variant 1: Infant. Clinical signs or symptoms of infantile hemangioma. Initial imaging.
K. US area of interest with IV contrast

There is no relevant literature to support the use of US area of interest with IV contrast as the initial
imaging modality in infants with infantile hemangiomas.

Variant 1: Infant. Clinical signs or symptoms of infantile hemangioma. Initial imaging.
L. US duplex Doppler area of interest

US with duplex Doppler is most useful to assess and confirm diagnosis of infantile hemangiomas.
Paltiel et al [21] studied 49 lesions and Ding et al [14] studied 66 lesions, showing that a
combination of arterial and venous waveforms on US duplex Doppler enables distinguishing
infantile hemangiomas from low-flow VMs.

Variant 2: Infant. Multiple cutaneous infantile hemangiomas, screening for infantile hepatic
hemangiomas. Initial imaging.

Infants and children with multiple cutaneous infantile hemangiomas, defined as =5 lesions, may
indicate the presence of additional hepatic or other visceral hemangiomas. Infantile hepatic
hemangiomas that occur in infants with multiple cutaneous infantile hemangiomas are classified as
multifocal or diffuse. The multifocal type is more common and regresses over time, whereas diffuse
hepatic hemangiomas lead to hepatomegaly and are associated with poor outcomes including
mortality [22].

A multicenter prospective study of 1,656 infants with infantile hemangiomas confirmed that
patients with higher numbers of cutaneous infantile hemangiomas have a greater incidence of
infantile hepatic hemangioma, 8.3% in patients with 5 to 9 lesions compared with 0.4% in patients
with <5 cutaneous lesions. Based on the results of this study, screening liver imaging examination
is indicated in patients with 5 cutaneous infantile hemangiomas and for patients up to 9 months of
age [23].

In an analysis of 121 children with hepatic hemangioma in the Liver Hemangioma Registry,
Kulungowski et al [24] found that 88 children had multiple cutaneous infantile hemangiomas
lesions, 68 (77%) of which were multifocal and 20 (23%) of which were diffuse type infantile hepatic



hemangioma.

Variant 2: Infant. Multiple cutaneous infantile hemangiomas, screening for infantile hepatic
hemangiomas. Initial imaging.

A. Arteriography abdomen

There is no relevant literature to support the use of arteriography of the abdomen as the initial
imaging modality when screening for hepatic hemangiomas in infants with multiple cutaneous
infantile hemangiomas.

Variant 2: Infant. Multiple cutaneous infantile hemangiomas, screening for infantile hepatic
hemangiomas. Initial imaging.

B. CT abdomen with IV contrast

There is no relevant literature to support the use of CT of the abdomen with IV contrast as the
initial imaging modality when screening for hepatic hemangiomas in infants with multiple
cutaneous infantile hemangiomas.

Variant 2: Infant. Multiple cutaneous infantile hemangiomas, screening for infantile hepatic
hemangiomas. Initial imaging.

C. CT abdomen without and with IV contrast

There is no relevant literature to support the use of CT of the abdomen without and with IV
contrast as the initial imaging modality when screening for hepatic hemangiomas in infants with
multiple cutaneous infantile hemangiomas.

Variant 2: Infant. Multiple cutaneous infantile hemangiomas, screening for infantile hepatic
hemangiomas. Initial imaging.

D. CT abdomen without IV contrast

There is no relevant literature to support the use of CT of the abdomen without IV contrast as the
initial imaging modality when screening for hepatic hemangiomas in infants with multiple
cutaneous infantile hemangiomas.

Variant 2: Infant. Multiple cutaneous infantile hemangiomas, screening for infantile hepatic
hemangiomas. Initial imaging.

E. CTA and CTV abdomen with IV contrast

There is no relevant literature to support the use of CTA and CTV of the abdomen with IV contrast
as the initial imaging modality when screening for hepatic hemangiomas in infants with multiple
cutaneous infantile hemangiomas.

Variant 2: Infant. Multiple cutaneous infantile hemangiomas, screening for infantile hepatic
hemangiomas. Initial imaging.

F. MRA and MRV abdomen without and with 1V contrast

There is no relevant literature to support the use of MRA and MRV of the abdomen without and
with IV contrast as the initial imaging modality when screening for hepatic hemangiomas in infants
with multiple cutaneous infantile hemangiomas.

Variant 2: Infant. Multiple cutaneous infantile hemangiomas, screening for infantile hepatic
hemangiomas. Initial imaging.

G. MRI abdomen without and with 1V contrast

There is no relevant literature to support the use of MRI of the abdomen without and with IV
contrast as the initial imaging modality when screening for hepatic hemangiomas in infants with



multiple cutaneous infantile hemangiomas. A recent guidance document of the American Society
of Pediatric Hematology Oncology Vascular Anomalies Special Interest Group recommends
contrast-enhanced MRI of the liver including dynamic sequences if the diagnosis is unclear
following Doppler US [25].

Variant 2: Infant. Multiple cutaneous infantile hemangiomas, screening for infantile hepatic
hemangiomas. Initial imaging.
H. MRI abdomen without IV contrast

There is no relevant literature to support the use of MRI of the abdomen and pelvis without IV
contrast as the initial imaging modality when screening for hepatic hemangiomas in infants with
multiple cutaneous infantile hemangiomas.

Variant 2: Infant. Multiple cutaneous infantile hemangiomas, screening for infantile hepatic
hemangiomas. Initial imaging.
I. Radiography abdomen

There is no relevant literature to support the use of radiography of the abdomen as the initial
imaging modality when screening for hepatic hemangiomas in infants with multiple cutaneous
infantile hemangiomas.

Variant 2: Infant. Multiple cutaneous infantile hemangiomas, screening for infantile hepatic
hemangiomas. Initial imaging.

J. US abdomen

US of the abdomen is useful as a screening examination for the presence of multifocal or diffuse
infantile hepatic hemangioma in patients with =5 cutaneous infantile hemangiomas and for infants
<9 months of age [23]. US may reveal the presence or absence of infantile hepatic hemangioma
and provide guidance for treatment planning or indication for further imaging [13]. Multifocal
infantile hepatic hemangiomas are >1 defined spherical discrete hypoechoic lesions and may
appear hypoechoic or hyperechoic or have a mixed echogenicity appearance on US; diffuse
infantile hepatic hemangiomas show hypoechoic nodules throughout the liver along with
hepatomegaly [26].

Variant 2: Infant. Multiple cutaneous infantile hemangiomas, screening for infantile hepatic
hemangiomas. Initial imaging.

K. US abdomen with IV contrast

US of the abdomen with IV contrast, specifically for evaluation of the liver, for the presence of
hepatic hemangiomas in infants with multiple cutaneous infantile hemangiomas may be used to
increase the sensitivity and diagnostic confidence, particularly for focal lesions that are seen in
congenital hepatic hemangiomas rather than the diffuse and multifocal hepatic hemangiomas seen
in infantile hemangiomas [26,27]. The addition of IV contrast for US of the abdomen has been
shown by EI-Ali et al [27] to differentiate infantile hepatic hemangioma in infants from congenital
hemangioma of the liver in 5 infants based on the pattern of early and late arterial phase and
delayed washout of IV contrast (P = .0016). The IV contrast enhancement pattern on US was similar
to the manner in which the lesions are known to enhance with IV contrast on CT and MRI
examinations [28].

Variant 2: Infant. Multiple cutaneous infantile hemangiomas, screening for infantile hepatic
hemangiomas. Initial imaging.
L. US duplex Doppler abdomen

A recent guidance document of the American Society of Pediatric Hematology Oncology Vascular



Anomalies Special Interest Group recommends Doppler US of the liver as the preferred initial
imaging study. On US examination imaging features such as multifocal and diffuse patterns are
more specific to infantile hepatic hemangiomas and may be used to help differentiate them from
congenital hemangiomas of the liver [25]. Solitary lesions may be larger in diameter and of
heterogeneous echogenicity, with more prominent peripheral vascular components [26].

Variant 3: Child. Clinical signs or symptoms of vascular anomaly (tumor or malformation)
not suggesting infantile hemangioma. Initial imaging.

VAs are a diverse group of lesions including tumors with benign, locally aggressive, or malignant
behaviors and malformations, which may involve low-flow (venous or lymphatic) or fast-flow
(arterial) blood flow [4] (see Appendix 1). Many VAs are fully formed before birth and do not
clinically present in a fashion typical of infantile hemangiomas. Imaging characterization of the
lesion and delineation of its extent are warranted. In the narrative below, “area of interest” can
refer to the following: abdomen, chest, head, neck, pelvis, elbow, face, foot, forearm, hand, hip,
knee, lower leg, shoulder, thigh, and upper arm.

Variant 3: Child. Clinical signs or symptoms of vascular anomaly (tumor or malformation)
not suggesting infantile hemangioma. Initial imaging.
A. Arteriography area of interest

There is no relevant literature to support the use of arteriography area of interest as the initial
imaging modality for vascular lesion such as tumor or malformation.

Variant 3: Child. Clinical signs or symptoms of vascular anomaly (tumor or malformation)
not suggesting infantile hemangioma. Initial imaging.
B. CT area of interest with 1V contrast

There is no relevant literature to support the use of CT area of interest with IV contrast as the initial
imaging modality for vascular lesion such as tumor or malformation.

Variant 3: Child. Clinical signs or symptoms of vascular anomaly (tumor or malformation)
not suggesting infantile hemangioma. Initial imaging.
C. CT area of interest without and with IV contrast

There is no relevant literature to support the use of CT area of interest without and with IV contrast
as the initial imaging modality for vascular lesion such as tumor or malformation.

Variant 3: Child. Clinical signs or symptoms of vascular anomaly (tumor or malformation)
not suggesting infantile hemangioma. Initial imaging.
D. CT area of interest without IV contrast

There is no relevant literature to support the use of CT area of interest without IV contrast as the
initial imaging modality for vascular lesion such as tumor or malformation.

Variant 3: Child. Clinical signs or symptoms of vascular anomaly (tumor or malformation)
not suggesting infantile hemangioma. Initial imaging.
E. CTA and CTV area of interest with IV contrast

There is no relevant literature to support the use of CTA and CTV area of interest with IV contrast
as the initial imaging modality for vascular lesion such as tumor or malformation.

Variant 3: Child. Clinical signs or symptoms of vascular anomaly (tumor or malformation)
not suggesting infantile hemangioma. Initial imaging.
F. MRA and MRV area of interest without and with 1V contrast



Using contrast-enhanced MRA and MRV patterns of high or low signal intensity can help
distinguish between lowflow and fast-flow VMs. In a study by van Rijswijk et al [29], they describe a
95% specificity and 83% sensitivity in differentiating venous and nonvenous malformations using
dynamic contrast-enhanced MRA. Dynamic 4-D MRA with IV contrast may be used to detect the
presence of arteriovenous microshunts in VMs, which have been found to be associated with the
presence of phleboliths [30].

Subtraction MRA techniques subtract MR signal from noncontrast-enhanced MR images from a
contrast-enhanced MRA, resulting in improved visualization of vascular structures as soft tissue
signal is removed [31]. There may also be value in the use of noncontrast MRA as an anatomic
survey before performing contrast-enhanced MRA to facilitate planning of field of view and
contrast bolus timing [32].

Variant 3: Child. Clinical signs or symptoms of vascular anomaly (tumor or malformation)
not suggesting infantile hemangioma. Initial imaging.
G. MRA area of interest without IV contrast

Numerous noncontrast-enhanced MRA sequences are also available, relying on the speed of blood
flow (flowdependent) and subject to signal loss in vessels with slow blood flow. Flow-independent
noncontrast-enhanced MRA sequences produce bright blood or dark blood pool images and
enable imaging a larger field of view. Noncontrast MRA images may incorporate longer scan times
and therefore produce higher spatial resolution images[33]. Noncontrast MRA does not provide
dynamic flow information provided by contrast-enhanced MRA. Furthermore, although time-of-
flight cannot be used to characterize soft tissue components, it does show the feeding

and draining vessels of a fast-flow VM [34].

Variant 3: Child. Clinical signs or symptoms of vascular anomaly (tumor or malformation)
not suggesting infantile hemangioma. Initial imaging.
H. MRI area of interest without and with IV contrast

MRI area of interest without and with 1V contrast as the initial imaging modality for vascular lesion
such as tumor or malformation may be helpful as the initial imaging examination and may be
performed contemporaneously with US to investigate a soft tissue mass or skin discoloration.

MRI findings typically show a lobulated and often infiltrative soft tissue mass with T1 hypointense
and T2 hyperintense signal, variable vascular flow voids, variable patterns of enhancement, and
possibly phleboliths, depending upon the type of lesion. The addition of MRA may be beneficial to
making a definitive diagnosis [31].

Variant 3: Child. Clinical signs or symptoms of vascular anomaly (tumor or malformation)
not suggesting infantile hemangioma. Initial imaging.
I. MRI area of interest without 1V contrast

MRI area of interest without IV contrast as the initial imaging modality for vascular lesion such as
tumor or malformation may be helpful as the initial imaging examination and may be performed
contemporaneously with US to investigate a soft tissue mass or skin discoloration.

MRI without IV contrast typically shows a lobulated and often infiltrative soft tissue mass with T1
hypointense and T2 hyperintense signal, variable vascular flow voids, and possibly phleboliths,
depending upon the type of lesion. The lack of contrast will limit the ability to characterize the type
of vessel and characterization of flow through the lesion (high- versus low-flow) and, therefore, the



type of VM being evaluated. The addition of IV contrast and possibly MRA may be beneficial to
making a more definitive, accurate characterization of the lesion and eventually the diagnosis [31].

Variant 3: Child. Clinical signs or symptoms of vascular anomaly (tumor or malformation)
not suggesting infantile hemangioma. Initial imaging.
J. Radiography area of interest

There is no relevant literature to support the use of radiography area of interest as the initial
imaging modality for vascular lesions such as tumor or malformation [35]. Radiographs may reveal
calcifications within a soft tissue mass, indicating the diagnosis of VM, but is not typically the initial
imaging study when a VA is suspected. Phleboliths occur at the site of microshunts in VMs.

Variant 3: Child. Clinical signs or symptoms of vascular anomaly (tumor or malformation)
not suggesting infantile hemangioma. Initial imaging.
K. US area of interest

US may be used to distinguish characteristic features of VTs and to differentiate between low-flow
and fast-flow VMs. Aside from infantile hemangioma, VTs reveal well-defined solid tissue
components with variable echotexture [21].

Venous VMs can be partially characterized with grayscale US, and certain features such as multiple
anechoic spaces, echogenic phleboliths, and expanded soft tissue spaces that are compressible
(muscle, subcutaneous fat, dermis layers) can be diagnostic. Lymphatic VMs are also able to be at
least partially characterized by grayscale US when multiple anechoic spaces with cysts, which may
contain fluid-fluid levels in the event there has been prior infection or hemorrhage into the lesion,
that are noncompressible are visualized. Venolymphatic VMs show a combination of the above
features. Fast-flow VM-AVMs and AVFs show a cluster of vessels without an associated solid tissue
mass [36,37] in contradistinction to hemangiomas.

Congenital hepatic hemangiomas are focal lesions of the liver associated with multiple cutaneous
infantile hemangiomas.

Variant 3: Child. Clinical signs or symptoms of vascular anomaly (tumor or malformation)
not suggesting infantile hemangioma. Initial imaging.
L. US area of interest with IV contrast

US of the abdomen and pelvis with IV contrast, specifically for evaluation of the liver, for the
presence of hepatic hemangiomas in infants with multiple cutaneous infantile hemangiomas may
be used to increase sensitivity and diagnostic confidence, particularly for focal lesions, which are
seen in congenital hepatic hemangiomas rather than the diffuse and multifocal hepatic
hemangiomas seen in infantile hemangiomas [26,27]. The addition of IV contrast for US of the
abdomen and pelvis has been shown by EIl-Ali et al [27] to differentiate infantile hepatic
hemangioma in infants from congenital hemangioma of the liver in 5 infants based on the pattern
of early and late arterial phase and delayed washout of IV contrast (P = .0016). The IV contrast
enhancement pattern on US was similar to the manner in which the lesions are known to enhance
with IV contrast on CT and MRI examinations [28].

Variant 3: Child. Clinical signs or symptoms of vascular anomaly (tumor or malformation)
not suggesting infantile hemangioma. Initial imaging.
M. US duplex Doppler area of interest

US with duplex Doppler may be used to distinguish characteristic features of VTs, verify arterial



waveforms in fast-flow VMs (arterialization of draining veins), and differentiate between low-flow
and fast-flow VMs. Aside from infantile hemangioma, VTs typically demonstrate both arterial and
venous waveforms. Venous malformations show multiple anechoic spaces, but the flow in venous
VMs may be so slow that it is difficult to perceive on Doppler. Lymphatic VMs are also composed
of multiple anechoic spaces with cysts, which may contain fluid-fluid levels in the event there has
been prior infection or hemorrhage but will not have Doppler signal. Venolymphatic malformations
show a combination of these features. Fast-flow VM-AVMs and AVFs show a cluster of

vessels without an associated solid tissue mass [36] with fast-flow on Doppler US.

Variant 4: Child. Ultrasound features raise suspicion for vascular malformation. Next
imaging study.

If initial US imaging raises suspicion for the diagnosis of VM, further imaging is often helpful to
visualize the entire extent of the lesion, assessfor the presence of multiple lesions, and evaluate
possible involvement of adjacent tissues and organs (including sensitive anatomic regions such as
deep facial structures, the airway, orbits, and the spine).

In the narrative below, “area of interest” can refer to the following: abdomen, chest, head, neck,
pelvis, elbow, face, foot, forearm, hand, hip, knee, lower leg, shoulder, thigh, and upper arm.

Variant 4: Child. Ultrasound features raise suspicion for vascular malformation. Next
imaging study.

A. Arteriography area of interest

Digital subtraction angiography provides an excellent definition of AVM anatomy, in particular the
AVM nidus and the number and definition of feeding arteries and fistulas in fast-flow (arterial)
lesions, with greater sensitivity than MRA [38]. Before an invasive procedure such as digital
subtraction angiography is performed, it is best to have a narrowed differential diagnosis (usually
requires prior MRI/MRA to suggest the diagnosis of a fast-flow VM). Diagnostic angiography may
confirm the suspicion of a fast-flow VM if this remains in question following MRI/MRA but is
typically reserved for symptomatic patients when simultaneous treatment is a

leading consideration.

Variant 4: Child. Ultrasound features raise suspicion for vascular malformation. Next
imaging study.

B. CT area of interest with 1V contrast

Contrast-enhanced CT may provide further anatomic definition of a VM after US in other
anatomies, aiding in visualizing phleboliths, thrombus, osseous changes such as erosion or findings
related to overgrowth syndromes, and soft tissue involvement, especially in defining the deep or
infiltrative extent of a VA [39-41].

Variant 4: Child. Ultrasound features raise suspicion for vascular malformation. Next
imaging study.
C. CT area of interest without and with 1V contrast

There is insufficient literature reviewing the efficacy of CT area of interest without and with IV
contrast in this clinical scenario.

CT of the chest without and with IV contrast has been used for diagnosis in patients with
pulmonary arteriovenous malformations (PAVMs), which are seen in children with hereditary
hemorrhagic telangiectasia (HHT), as a followup examination for the depiction of precise anatomy



of simple and some complex lesions, after initial screening, which may be performed using
transthoracic contrast echocardiography, which confirms the presence of a suspected shunt [42].
Both phases of the CT examination may provide important information in the diagnosis of PAVM
[42].

In the case of PAVM feeding and draining, vascular components of the lesion are well defined as
they course through the lung. Draining veins are typically 1 to 2 mm larger in diameter than the
feeding arteries and can be differentiated on this basis. The intervening nidus is readily identifiable
as a nodule [42]. In a retrospective study of 40 patients with 62 PAVMs, Gamondés et al [43] found
that the diameter of the draining vein of 2.5 mm or larger was associated with PAVM reperfusion
of the lung after embolotherapy with a sensitivity of 98.4% and specificity of 87.7%.

Contrast-enhanced CT may provide further anatomic definition of a VM after US in other
anatomies, aiding in visualizing phleboliths, thrombus, osseous changes such as erosion or findings
related to overgrowth syndromes, and soft tissue involvement, especially in defining the deep or
infiltrative extent of a VA [39-41].

Variant 4: Child. Ultrasound features raise suspicion for vascular malformation. Next
imaging study.

D. CT area of interest without 1V contrast

There is no relevant literature reviewing the efficacy of noncontrast enhanced CT evaluation of VM.
CT without IV contrast is limited in diagnosis of soft tissue and solid organ VMs and VTs because
all structures and tissues show homogenous and similar attenuation, which obscures findings or
does not allow characterization of the extent of abnormalities.

Variant 4: Child. Ultrasound features raise suspicion for vascular malformation. Next
imaging study.

E. CTA and CTV area of interest with IV contrast

CTA and CTV of the upper extremity wasshown by Henzler et al [44] to be the superior imaging
modality compared with MRI and US because it provides images with high spatial resolution for
excellent delineation of the anatomy and extent of VTs and VMs, providing a vascular map of the
lesion for use in treatment planning.

CTA of the chest, using a modified pulmonary CTA and CTV protocol, is used to optimally show the
feeding artery, nidus, and draining vein components of the PAVM [42].

CTA and CTV may provide further anatomic definition of a VM after US in other anatomies, aiding
in visualizing phleboliths, thrombus, osseous changes such as erosion or findings related to
overgrowth syndromes, and soft tissue involvement, especially in defining the deep or infiltrative
extent of a VA [39-41,45].

Variant 4: Child. Ultrasound features raise suspicion for vascular malformation. Next
imaging study.

F. MRA and MRV area of interest without and with 1V contrast

MRA of the area of interest without and with IV contrast may be used to define venous and arterial
anatomy, as well as better differentiate the tissue types involved in the VM. MRA and MRV of the
area of interest without IV contrast, using flow-dependent or flow-independent techniques, can be
used as well. For example, Relaxation Enhanced Angiography without Contrast and Triggering, a



flow-independent T2-weighted noncontrast-enhanced MRA sequence, has been shown to be
effective for defining the anatomy of major feeding arteries and draining veins and correlation with
contrast-enhanced MRA and MRV [32,46].

Contrast-enhanced 3-D and 4-D dynamic MRA acquisitions are helpful in distinguishing whether
flow through the lesion is slow or fast, arterial and venous anatomy, the location of a nidus in an
AVM, and the site of vascular fistula in an AVF. Dynamic MRA combined with contrast-enhanced
MRI has been shown to have excellent sensitivity (83%) and specificity (95%) in differentiating low-
flow from fast-flow VMs [29,47].

Dynamic 4-D MRA with IV contrast may be used to detect presence of arteriovenous microshunts
in VMs, which have been found to be associated with presence of phleboliths [30].

Variant 4: Child. Ultrasound features raise suspicion for vascular malformation. Next
imaging study.

G. MRI area of interest without and with IV contrast

MRI of the area of interest without and with IV contrast may be used to define the deep and
superficial extent of VM using T1-weighted sequences, and T2-weighted images reveal vascular
flow voids as well as fluid filled spaces. Areas of signal loss or flow voids are important to
document and can help drive the diagnosis (phleboliths versus fast-flow vessels). A well-defined
soft tissue mass is not typically identified in AVM. IV contrast shows intense enhancement of
involved soft tissues, cyst walls, and/or vascular structures [31].

Variant 4: Child. Ultrasound features raise suspicion for vascular malformation. Next
imaging study.
H. MRI area of interest without IV contrast

There is no relevant literature to support the use of MRI area of interest without IV contrast as the
next imaging modality for vascular lesion such as tumor or malformation.

Variant 4: Child. Ultrasound features raise suspicion for vascular malformation. Next
imaging study.

I. Radiography area of interest

There is no relevant literature to support the use of radiography area of interest as the next
imaging modality for VMs [35].

Variant 4: Child. Ultrasound features raise suspicion for vascular malformation. Next
imaging study.
J. US area of interest with IV contrast

There is no relevant literature to support the use of US area of interest with IV contrast as the initial
imaging modality for patients with vascular lesions such as tumor or malformation [48].

Variant 5: Child. Established diagnosis of vascular malformation presenting with new or
persistent signs or symptoms. Initial imaging.

VMs are a diverse group of lesions, which are difficult to treat, requiring multiple episodes of
interventional embolization/sclerotherapy and or surgical intervention over years of treatment.
Before and throughout the treatment course, interval imaging may help for monitoring regression
of the lesion and planning approach to the next treatment session.

In the narrative below, “area of interest” can refer to the following: abdomen, chest, head, neck,



pelvis, elbow, face, foot, forearm, hand, hip, knee, lower leg, shoulder, thigh, and upper arm.

Variant 5: Child. Established diagnosis of vascular malformation presenting with new or
persistent signs or symptomes. Initial imaging.
A. Arteriography area of interest

There is no relevant literature to support the use of arteriography as the initial diagnostic imaging
modality for patients with an established diagnosis of a low-flow VM.

In patients with a fast-flow VM, angiography is useful to characterize new or persistent signs or
symptoms (recurrent bleeding events, ischemic changes to normal tissues, etc) when simultaneous
treatment is planned [49].

Variant 5: Child. Established diagnosis of vascular malformation presenting with new or
persistent signs or symptoms. Initial imaging.
B. CT area of interest with 1V contrast

Although contrast-enhanced CT may provide anatomic definition of a VM if there are persistent
anatomical questions after MRI/MRA, there is no relevant literature to support the use of CT area
of interest with 1V contrast as the initial imaging modality for patients with an established
diagnosis of VM presenting with new or persistent signs and symptoms [39].

Variant 5: Child. Established diagnosis of vascular malformation presenting with new or
persistent signs or symptoms. Initial imaging.
C. CT area of interest without and with IV contrast

There is no relevant literature to support the use of CT area of interest without and with IV contrast
as the initial imaging modality for patients with an established diagnosis of VM presenting with
new or persistent signs and symptoms.

Variant 5: Child. Established diagnosis of vascular malformation presenting with new or
persistent signs or symptoms. Initial imaging.
D. CT area of interest without IV contrast

There is no relevant literature to support the use of CT area of interest without IV contrast a as the
initial imaging modality for patients with an established diagnosis of VM presenting with new or
persistent signs and symptoms.

Variant 5: Child. Established diagnosis of vascular malformation presenting with new or
persistent signs or symptoms. Initial imaging.
E. CTA and CTV area of interest with IV contrast

There is no relevant literature to support the use of CTA and CTV area of interest with IV contrast
as the initial imaging modality for patients with an established diagnosis of VM presenting with
new or persistent signs and symptoms.

Variant 5: Child. Established diagnosis of vascular malformation presenting with new or
persistent signs or symptomes. Initial imaging.
F. MRA and MRV area of interest without and with 1V contrast

MRA and MRV of the area of interest without and with IV contrast may be used to update venous
and arterial anatomy as well as better differentiate the tissue types involved in the VM. As
embolization and sclerotherapy treatments change the vascular channels, MRA can provide
updated information.



Contrast-enhanced 3-D and 4-D dynamic MRA acquisitions are helpful in assessing flow through
the lesion before and after treatment, the location of a new nidus in an AVM, and a new vascular
fistula in an AVF. Dynamic MRA and MRV combined with contrast-enhanced MRI has been shown
to have excellent sensitivity (83%) and specificity (95%) in differentiating low-flow from fast-flow
VMs [29,47]. Embolization and sclerotherapy are expected to change the shunting within these
low-flow VMs.

Variant 5: Child. Established diagnosis of vascular malformation presenting with new or
persistent signs or symptoms. Initial imaging.
G. MRI area of interest without and with IV contrast

MRI of the area of interest without and with IV contrast may be used to define the deep and
superficial extent of VM with expected treatment changes. IV contrast shows intense enhancement
of involved soft tissues, cyst walls, and/or vascular structures [31]. Particular attention may need to
be paid to imaging findings that may suggest treatment complications (abscess, tissue necrosis,
cellulitis, deep vein thrombosis, etc).

Variant 5: Child. Established diagnosis of vascular malformation presenting with new or
persistent signs or symptoms. Initial imaging.
H. MRI area of interest without IV contrast

There is no relevant literature to support the use of MRI area of interest without IV contrast as the
initial imaging modality for patients with an established diagnosis of VM presenting with new or
persistent signs and symptoms.

Variant 5: Child. Established diagnosis of vascular malformation presenting with new or
persistent signs or symptoms. Initial imaging.
I. Radiography area of interest

Radiographs of the area of interest may reveal calcified phleboliths and embolization material
within a previously treated VM; these findings may be helpful in choosing a follow-up imaging
study (ie, US for suspected occluded deep vein after sclerotherapy). Radiographs may also better
characterize imaging artifacts (embolization coils), which may limit the evaluation of residual VM
on MRI/US [35].

Variant 5: Child. Established diagnosis of vascular malformation presenting with new or
persistent signs or symptoms. Initial imaging.
J. US area of interest

US area of interest may be useful as an initial imaging modality in patients with an established
diagnosis of VM when presenting with new or persistent signs or symptoms. However, US may be
limited if there is extensive embolization material present. VM occlusions directly due to
embolization versus associated soft tissue swelling from treatment changes can be visualized on
grayscale US.

Variant 5: Child. Established diagnosis of vascular malformation presenting with new or
persistent signs or symptoms. Initial imaging.
K. US area of interest with IV contrast

There is no relevant literature to support the use of US area of interest with IV contrast as the initial
imaging modality for patients with an established diagnosis of VM presenting with new or
persistent signs and symptoms.

It has been shown that the dynamics of blood flow through VM can be determined using contrast-



enhanced US, and that differences in blood flow dynamics as measured using time intensity curve
analysis can be shown by comparing pretreatment and post-treatment examinations [50].

Variant 5: Child. Established diagnosis of vascular malformation presenting with new or
persistent signs or symptoms. Initial imaging.
L. US duplex Doppler area of interest

US with duplex Doppler may be helpful as an initial imaging modality in patients with an
established diagnosis of VM when presenting with new or persistent signs or symptoms. Doppler
US can help distinguish changes following

Summary of Highlights

e Variant 1: Infantile hemangioma is a benign, true neoplasm, which grows in the first year of
life and then regresses in a typical manner. In a child with clinical signs or symptoms of
infantile hemangioma, US is usually an appropriate initial imaging examination, particularly
for superficial lesions with atypical behavior. MRA and MRV without and with IV contrast, or
MRI with and without IV contrast and CT with IV contrast, may be appropriate for
determining for lesions of the face, deep facial structures, or periorbital and
intraorbital structures, beard-type infantile hemangiomas that occupy the pharyngeal region
and may affect the oropharyngeal airway. MRI without and with IV contrast may also be
useful in patients with infantile hemangiomas in anatomic locations when the presence or
growth of the lesion may be disfiguring or interfere with sight or hearing, the face, airway,
ears, or breast, and when in the lumbosacral region. MRA and MRV without and with IV
contrast, or MRI with and without IV contrast, are complementary examinations.

» Variant 2: In the presence of multiple (=5) cutaneous infantile hemangioma lesions,
screening for infantile hepatic hemangiomas with US abdomen may be appropriate in infants
up to 9 months of age. US abdomen with IV contrast may increase the sensitivity to and
diagnostic confidence in the detection of congenital hepatic hemangiomas, although there
was disagreement among panelists regarding the use of IV contrast for US abdomen.

e Variant 3: In a child with clinical signs or symptoms of a VA not suspected to be infantile
hemangioma, US, US duplex Doppler, MRA and MRV without and with IV contrast, and MRI
without and with IV contrast of the area of interest are usually appropriate. US and US duplex
Doppler are complementary examinations and are helpful for differentiation of low-flow and
fast-flow VMs and distinction of solid and cystic components. MRA and MRV without and
with IV contrast, and MRI without and with 1V contrast of the area of interest
are complementary examinations, which are useful to visualize the deep and or diffuse extent
of lesions and MRA may be beneficial in making a definitive diagnosis. MRI of the area of
interest without IV contrast may be
appropriate and may be complementary to US of the area of interest. The addition of IV
contrast and possibly MRA may be beneficial to making a more definitive, accurate
characterization of the lesion and eventually the diagnosis. Panelists disagreed as to whether
US with IV contrast or MRA without IV contrast may be appropriate. US with IV contrast is a
complementary examination with US and US duplex Doppler of the area of interest. Although
there is early evidence that US with IV contrast may increase the sensitivity to and diagnostic
confidence in the detection of congenital hepatic hemangiomas, there is not yet evidence of
this in the medical literature for other anatomies. MRA without IV contrast may be a
complementary examination with US and US duplex Doppler of the area of interest; however,



the addition of IV contrast and possibly MRA may be beneficial to making a more definitive,
accurate characterization of the lesion and eventually the diagnosis.

e Variant 4: Following US examination, which raises concern for VMs, MRA and MRV without
and with IV contrast and MRI without and with IV contrast in the area of interest are usually
appropriate and are complementary examinations for defining venous and arterial anatomy,
as well as better differentiate the tissue types involved in the VM. Dynamic MRA acquisitions
are helpful in distinguishing whether flow through the lesion is slow or fast, arterial and
venous anatomy, the location of a nidus in an AVM, and the site of vascular fistula in an AVF.
CT with IV contrast and CTA and CTV with IV contrast in the area of interest may
be appropriate and are complementary examinations, which may be beneficial in visualizing
phleboliths, thrombus, osseous changes such as erosion or findings related to overgrowth
syndromes, and soft tissue involvement, especially in defining the deep or infiltrative extent
of a VA.

e Variant 5: In children with established diagnoses of VMs, with new or persistent symptomes,
US duplex Doppler, MRA and MRV without and with IV contrast, and MRI without and with IV
contrast in the area of interest are usually appropriate. US duplex Doppler of the area of
interest, as it is helpful in distinguishing changes following treatment, as well as new areas of
involvement. MRA and MRV without and with IV contrast, and MRI without and with 1V
contrast in the area of interest are complementary examinations useful for distinguishing the
extent of the lesion and for assessing flow through the lesion before and after
treatment, location of a new nidus in an AVM, and a new vascular fistula in an AVF. US and
US with IV contrast of the
area of interest may be appropriate as complementary examinations to US duplex Doppler of
the area of interest because it has been shown that the dynamics of blood flow through a
VM can be determined using contrast-enhanced US and that differences in blood flow
dynamics as measured using time intensity curve analysis can
be shown by comparing pretreatment and post-treatment examinations.

Supporting Documents

The evidence table, literature search, and appendix for this topic are available at
https://acsearch.acr.org/list. The appendix includes the strength of evidence assessment and the
final rating round tabulations for each recommendation.

For additional information on the Appropriateness Criteria methodology and other supporting
documents, please go to the ACR website at https://www.acr.org/Clinical-Resources/Clinical-Tools-
and-Reference/Appropriateness-Criteria.

Appropriateness Category Names and Definitions

Appropriateness Appropriateness

Category Name Rating Appropriateness Category Definition

The imaging procedure or treatment is indicated in
Usually Appropriate 7,8,0r9 the specified clinical scenarios at a favorable risk-
benefit ratio for patients.

The imaging procedure or treatment may be
May Be Appropriate 4,5, 0r6 indicated in the specified clinical scenarios as an



https://acsearch.acr.org/list
https://www.acr.org/Clinical-Resources/Clinical-Tools-and-Reference/Appropriateness-Criteria
https://www.acr.org/Clinical-Resources/Clinical-Tools-and-Reference/Appropriateness-Criteria

alternative to imaging procedures or treatments with
a more favorable risk-benefit ratio, or the risk-benefit
ratio for patients is equivocal.

The individual ratings are too dispersed from the
panel median. The different label provides

5 transparency regarding the panel’s recommendation.
“May be appropriate” is the rating category and a
rating of 5 is assigned.

May Be Appropriate
(Disagreement)

The imaging procedure or treatment is unlikely to be
indicated in the specified clinical scenarios, or the
risk-benefit ratio for patients is likely to be
unfavorable.

Usually Not Appropriate 1,2,0r3

Relative Radiation Level Information

Potential adverse health effects associated with radiation exposure are an important factor to consider
when selecting the appropriate imaging procedure. Because there is a wide range of radiation exposures
associated with different diagnostic procedures, a relative radiation level (RRL) indication has been
included for each imaging examination. The RRLs are based on effective dose, which is a radiation dose
guantity that is used to estimate population total radiation risk associated with an imaging procedure.
Patients in the pediatric age group are at inherently higher risk from exposure, because of both organ
sensitivity and longer life expectancy (relevant to the long latency that appears to accompany radiation
exposure). For these reasons, the RRL dose estimate ranges for pediatric examinations are lower as
compared with those specified for adults (see Table below). Additional information regarding radiation
dose assessment for imaging examinations can be found in the ACR Appropriateness Criteria® Radiation
Dose Assessment Introduction document.

Relative Radiation Level Designations

Relative Radiation Level* Adult Effective Dose Estimate Pediatr.ic Effective Dose
Range Estimate Range
O 0 mSv 0 mSv

<0.1 mSv <0.03 mSv

0.1-1 mSv 0.03-0.3 mSv
1-10 mSv 0.3-3mSv

10-30 mSv 3-10 mSv

30-100 mSv 10-30 mSv

*RRL assignments for some of the examinations cannot be made, because the actual patient doses in
these procedures vary as a function of a number of factors (e.g., region of the body exposed to ionizing
radiation, the imaging guidance that is used). The RRLs for these examinations are designated as “Varies.”
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Disclaimer

The ACR Committee on Appropriateness Criteria and its expert panels have developed criteria for
determining appropriate imaging examinations for diagnosis and treatment of specified medical
condition(s). These criteria are intended to guide radiologists, radiation oncologists and referring
physicians in making decisions regarding radiologic imaging and treatment. Generally, the complexity and
severity of a patient’s clinical condition should dictate the selection of appropriate imaging procedures or
treatments. Only those examinations generally used for evaluation of the patient’s condition are ranked.
Other imaging studies necessary to evaluate other co-existent diseases or other medical consequences of
this condition are not considered in this document. The availability of equipment or personnel may
influence the selection of appropriate imaging procedures or treatments. Imaging techniques classified as
investigational by the FDA have not been considered in developing these criteria; however, study of new
equipment and applications should be encouraged. The ultimate decision regarding the appropriateness of
any specific radiologic examination or treatment must be made by the referring physician and radiologist in
light of all the circumstances presented in an individual examination.
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