
May / June 2024
Volume 53, Number 3

Amyand Hernia 
Complicated by Acute 
Appendicitis 

Chemical Exchange 
Saturation Transfer for 
Epilepsy Imaging

www.appliedradiology.com

Applied Radiology
M

ay / June 2024        Volum
e 53, N

um
ber 3

Reduce, Reuse, Recycle: 
The Three R’s of 
Sustainability

CME  Making Sense of 
Incidental Musculoskeletal  
Findings on Breast MRI

CT in Nontraumatic 
Intraperitoneal and 
Retroperitoneal Hemorrhage 



Advance patient care with smart injectors 
and digital solutions from Bracco. 

Learn more at SmartInject.com

Point-of-care imaging 
solutions that help 
promote patient safety 
and streamline workfl ow

SmartInject
SOLUTIONS FROM BRACCO

Injectors and 
Digital Solutions 

MR SuiteCT Suite

Bracco Diagnostics Inc. 
259 Prospect Plains Road, Building H
Monroe Township, NJ 08831 USA

© 2023 Bracco Diagnostics Inc. All Rights Reserved.

Phone: 609-514-2200
Toll Free: 1-877-272-2269 (U.S. only)
Fax: 609-514-2446

Contrast management system

Committed to Science,
 Committed to You.™



EDITOR-IN-CHIEF
Erin Simon Schwartz, MD, FACR 
Perelman School of Medicine 
University of Pennsylvania  
Children’s Hospital of Philadelphia, PA 
Philadelphia, PA

ADVOCACY/GOVERNMENTAL 
AFFAIRS
Associate Editor 
David Youmans, MD 
Princeton Radiology Associates  
Princeton, NJ

Seth Hardy, MD, MBA, FACR  
Penn State Health, Milton S Hershey 
Medical Center 
Hershey, PA 

Ryan K. Lee, MD, MBA  
Einstein Healthcare Network 
Philadelphia, PA

ARTIFICIAL INTELLIGENCE
Associate Editor 
Lawrence N. Tanenbaum, MD, FACR 
RadNet, Inc 
New York, NY

Suzie Bash, MD 
San Fernando Interventional Radiology,  
RadNet, Inc. 
Los Angeles, CA

Amine Korchi, MD, FMH 
Imaging Center Onex–Groupe 3R, 
Singularity Consulting & Ventures  
Geneva, Switzerland

Avishkar Sharma, MD, CIIP 
Jefferson Health 
Philadelphia, PA

BODY IMAGING
Elliot K. Fishman, MD  
Johns Hopkins Hospital 
Baltimore, MD 

BREAST IMAGING
Huong Le-Petross, MD, FRCPC, FSBI 
University of Texas MD Anderson  
Cancer Center 
Houston, TX

Kemi Babagbemi, MD 
Weill Cornell Imaging at  
New York Presbyterian 
New York, NY 

Nina S. Vincoff, MD 
Donald and Barbara Zucker School  
of Medicine at Hofstra/Northwell  
Hofstra University 
Hempstead, NY

CARDIOPULMONARY IMAGING
Associate Editor  
Charles S. White, MD 
University of Maryland School of Medicine, 
Baltimore, MD

Kate Hanneman, MD, MPH  
Toronto General Hospital  
University of Toronto 
Toronto, ON, CA

Saurabh Jha, MBBS, MRCS, MS  
Perelman School of Medicine,  
University of Pennsylvania 
Philadelphia, PA

EARLY CAREER RADIOLOGIST
Associate Editor
Yasha Parikh Gupta, MD 
Keck Medicine at USC
Los Angeles, CA

Joshua H. Baker  
Michigan State University College of 
Osteopathic Medicine 
East Lansing, MI

Siddhant Dogra 
NYU Grossman School of Medicine,  
New York, NY

Juan Guerrero-Calderon 
Emory University 
Atlanta, GA

Jordan Mackner 
University of Arizona College of Medicine-
Phoenix, AZ

Cailin O’Connell 
Texas A&M School of Engineering Medicine 
Houston, TX

Kirang Patel, MD 
University of Texas Southwestern  
Medical Center 
Dallas, TX

Rebecca Scalabrino, DO 
Columbia/New York Presbyterian 
New York, NY

Kaitlin Zaki-Metias, MD 
Trinity Health Oakland Hospital/Wayne 
State University School of Medicine, 
Pontiac, MI

EMERGENCY RADIOLOGY
Vahe M. Zohrabian, MD 
Donald and Barbara Zucker School  
of Medicine at Hofstra/Northwell  
Hofstra University 
Hempstead, NY

ENTERPRISE IMAGING
Christine Harris, RT(R)(MR), MRSO 
Jefferson University Hospitals, 
Philadelphia, PA

Rasu Shrestha, MD, MBA  
Advocate Health 
Charlotte, NC

Eliot Siegel, MD  
VA Maryland Healthcare System  
University of Maryland School of Medicine 
Baltimore, MD

GLOBAL IMAGING
Associate Editor 
Pradnya Y. Mhatre, MD, MRMD(MRSC)
Emory University School of Medicine 
Atlanta, GA

Reed A. Omary MD, MS 
Vanderbilt University Medical Center 
Nashville, TNL

INTERVENTIONAL RADIOLOGY
Associate Editor 
Jeffrey C. Hellinger, MD, MBA 
Lenox Hill Radiology 
New York, NY

Osman Ahmed, MD, FCIRSE 
University of Chicago Medicine 
Chicago, IL

Minhaj S. Khaja, MD, MBA 
University of Michigan-Michigan Medicine,  
Ann Arbor, MI

Jessica K. Stewart, MD 
Ronald Reagan UCLA Medical Center 
Los Angeles, CA

MEDICAL INDUSTRY
Sonia Gupta, MD  
University of South Florida 
Tampa, FL

Ronald B. Schilling, PhD  
RBS Consulting Group 
Los Altos Hills, CA

MEDICAL PHYSICS
David W. Jordan, PhD, FAAPM 
Case Western Reserve University, 
Cleveland, OH

Rebecca M. Marsh, PhD 
University of Colorado School of Medicine, 
Boulder, CO

William Sensakovic, PhD 
Mayo Clinic 
Phoenix, Arizona

MEDICOLEGAL
Michael M. Raskin, MD, MPH, JD  
University Medical Center 
Tamarac, FL

MUSCULOSKELETAL IMAGING
Thomas Lee Pope, Jr, MD, FACR  
Envision Healthcare 
Denver, CO

Jamshid Tehranzadeh, MD  
University of California Medical Center,  
Orange, CA

©2024 Anderson Publishing, Ltd. All rights reserved. Reproduction in whole or part without written permission is strictly prohibited. USPS: 0943-180

PRESIDENT & CEO
Oliver Anderson

GROUP PUBLISHER 
Kieran N. Anderson

Editorial Advisory Board

Anderson Publishing, Ltd 
180 Glenside Avenue,  
Scotch Plains, NJ 07076 
Tel: 908-301-1995   
Fax: 908-301-1997   
info@appliedradiology.com

NEURORADIOLOGY 
Associate Editor  
Wende N. Gibbs, MD  
Barrow Neurological Institute 
Phoenix, AZ

C. Douglas Phillips, MD, FACR  
Weill Cornell Medical College/ 
New York-Presbyterian Hospital,  
New York, NY

NUCLEAR MEDICINE & 
MOLECULAR IMAGING
Associate Editor 
K. Elizabeth Hawk, MS, MD, PhD  
Stanford University School of Medicine,  
Los Angeles, CA

Wengen Chen, MD, PhD  
University of Maryland Medical Center, 
Baltimore, MD

PEDIATRIC RADIOLOGY
Associate Editor 
Alexander J. Towbin, MD 
Cincinnati Children’s Hospital Medical Center 
Cincinnati, OH

Maddy Artunduaga, MD 
UT Southwestern Medical Center 
Dallas, TX 

Michael L. Francavilla, MD 
University of South Alabama 
Mobile, AL

Marilyn J. Siegel, MD, FACR 
Washington University School of Medicine, 
Mallinckrodt Institute of Radiology,  
St. Louis, MO

RADIOLOGICAL CASES
Associate Editor 
Elizabeth Snyder MD 
Children’s Hospital at Vanderbilt,  
Nashville, TN

Kristin K. Porter, MD, PhD 
Lauderdale Radiology Group 
Florence, AL

ULTRASOUND
John P. McGahan, MD, FACR  
University of California 
Davis, CA

Ryne Didier, MD 
Boston Children’s Hospital 
Boston, MA

EXECUTIVE EDITOR 
Joseph F. Jalkiewicz

EDITORIAL ASSISTANT 
Zakai Anderson

PRODUCTION 
Barbara A. Shopiro

CIRCULATION DIRECTOR 
Cindy Cardinal

EDITORS EMERITI
Theodore E. Keats, MD 

Stuart E. Mirvis, MD, FACR

Applied Radiology 1May / June 2024



Applied Radiology (ISSN 0160-9963, USPS 943180) is published in print 6 times a year, January, March, May, July, September, and November, by Anderson Publishing Ltd at 180 Glenside 
Ave., Scotch Plains NJ 07076.  Periodicals postage paid at Scotch Plains, NJ and additional mailing offices. Free subscriptions for US-based qualified radiology professionals. Subscriptions 
for the US and its territories and possessions: $115 per year, $225 for two years. Foreign and Canadian subscriptions $215 for one year payable in US funds, international money orders, or by 
credit card only. Postmaster: Please send address changes to Applied Radiology, PO Box 317, Lincolnshire, IL 60069-0317 (847-564-5942) or email AppliedRadiology@Omeda.com.

5 Making Sense of Incidental 
Musculoskeletal  Findings  
on Breast MRI
Paul Wojack, MD; Suzanne McElligott, MD;  
Pamela Walsh, MD; Nina Vincoff,MD; Ekta Gupta, MD

Incidental musculoskeletal findings are fairly 
common in breast MRI, as the ribs and sternum 
are included in the field of view. This activity is 
designed to educate radiologists about the wide 
range of benign and malignant lesions that can 
be detected by reviewing the imaging findings 
and other pertinent demographic considerations 
regarding these lesions.
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Brain glutamate levels are known to be increased 
in epileptogenic foci. Recent data suggest 
that chemical exchange saturation transfer 
(CEST) imaging has the potential to identify 
epileptogenic zones in drug-resistant epilepsy 
patients without identifiable lesions on more 
conventional imaging. 
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Acute nontraumatic abdominopelvic hemorrhage 
is a medical emergency that requires prompt 
diagnosis. Computed tomography has been 
shown superior to other imaging modalities in 
detecting intra-abdominal bleeding, particularly 
when the bleeding rate is low. This review 
article focuses on the common sources of 
nontraumatic hemoperitoneum and their 
appearance on CT images.
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Ch- Ch- Changes
Erin Simon Schwartz, MD

Dr Schwartz is the Editor-in-
Chief of Applied Radiology.  
She is the chief of the Division 
of Neuroradiology and holds 
the Robert A. Zimmerman Chair 
in Pediatric Neuroradiology in 
the Department of Radiology 
at The Children’s Hospital 
of Philadelphia. She is also 
professor of radiology, Perelman 
School of Medicine, University 
of Pennsylvania. Dr Schwartz 
can be reached at erin@
appliedradiology.com.

This issue marks the end of an era for Applied Radiology. A
er over 
13 years with Anderson Publishing and serving as our Executive Editor 
since 2014, Joseph Jalkiewicz will be focusing on other adventures. JJ, as 
he is known in our shorthand, has been a terri­c partner to us all. He 
has been the grease that helps keep the wheels turning, keeping track 
of our review articles and columns, and cracking the whip with authors 
when needed. Like my editorials that — without fail — come in precari-
ously close to our publication deadline. His eye for detail and love of all 
things AMA Manual of Style have given our journal a consistent format 
and readability. 

Larry Tanenbaum, our Associate Editor for AI, “always appreciated 
working with Joe and the unique tone he brought to my pieces.” And the incomparable Wet Reader 
himself, Doug Phillips, said, “I have beforehand refused any editorial input on my ramblings. His were 
(largely) appreciated.”

On a personal note, Joe has made me a better writer and editor. And his sense of humor made 
every interaction a pleasure. For those, and for his friendship, I am truly grateful. 

Thank you, JJ. We will miss you and wish you all the best in your next chapter.

Additions

I am pleased to announce more imaging experts joining our Editorial Advisory Board: 

•  Avishkar (Avi) Sharma, MD, CIIP, joins our Arti­cial Intelligence section. Dr Sharma is a 
body radiologist and imaging informatics leader at Je�erson Einstein Hospitals in Philadel-
phia, Pennsylvania.

• J essica K. Stewart, MD, joins the Interventional Radiology section. Dr Stewart is an interven-
tional radiologist, director of interventional radiology global health initiatives, and an assis-
tant professor of radiology at the University of California, Los Angeles, David Ge�en School of 
Medicine, Los Angeles, California.

EDITORIAL

Missing you already, JJ!
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Making Sense of Incidental Musculoskeletal Findings on Breast MRI

CME INFORMATION

Description

Incidental musculoskeletal findings 
are fairly common when reading 
breast MRI, as the ribs and sternum 
are included in the field of view. It is 
important that radiologists be familiar 
with the appearance of benign and 
malignant chest wall lesions on breast 
MRI in order to appropriately direct 
diagnosis and treatment, as well 
as to avoid unnecessary workup of 
benign lesions.

This activity is designed to educate 
radiologists about the wide range of 
both benign and malignant lesions 
which can be detected incidentally 
on breast MRI by reviewing the 
imaging findings and other pertinent 
demographic considerations 
regarding these lesions.

Learning Objectives

Upon completing this activity, the 
reader should be able to:

•  Describe a range of both benign 
and malignant musculoskeletal 
imaging findings by their imaging 
features on breast MRI.

•  Identify which imaging features 
and risk factors which would raise 
concern for malignant degeneration 
of certain musculoskeletal lesions.

•  Discuss differing mineralization 
patterns of primary chest wall  
tumors.

Target Audience

• Radiologists 
• Related Imaging Professionals

Authors

Paul Wojack, MD; Suzanne McElligott, MD; 
Pamela Walsh, MD; Nina Vincoff, MD;  
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of Medicine at Hofstra/Northwell, 
Hempstead, New York. Disclosures: 
Dr. Vincoff is also a member of 
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provide continuing medical education 
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of 1 AMA PRA Category 1 Credits™. 
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participation in the activity.

Instructions

This activity is designed to be 
completed within the designated time 
period. To successfully earn credit, 
participants must complete the activity 
during the valid credit period. To 
receive CME credit, you must: 

1. Review this article in its entirety.
2. Visit appliedradiology.org/SAM2.
3. Log into your account or create an 

account (new users).
4. Complete the post-test and review 

the discussion and references.
5. Complete the evaluation.
6. Print your certificate.

Estimated time for completion:  
1 hour

Date of release and review:  
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Expiration date: April 30, 2025
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CME

REVIEW

Owing to its high sensitivity for 
cancer detection and superior 
so�-tissue resolution, MRI is o�en 
used for breast cancer staging and 
high-risk screening. Because it utiliz-
es a dedicated coil with a large �eld 
of view, the modality o�en reveals 
incidental �ndings in extramamma-
ry structures of the chest wall and 
upper abdomen, particularly the 
musculature, ribs, and sternum. 

To help radiologists gain con�-
dence in interpretation and avoid 
unnecessary workups, we review the 
appearance of several of the most 
common musculoskeletal lesions 
demonstrated by breast MRI.

Frequency and Location of 
Incidental Findings

There is little question that breast 
MRI frequently makes incidental 
�ndings in the course of an exam-
ination performed for breast cancer 
screening or staging. In one study, 
extramammary �ndings were detect-
ed in up to 34% of patients.1 While 
the liver and lungs are the most com-
mon sites for these entities, the chest 
musculature, ribs, and sternum are 
also common locations. Accounting 

Making Sense of Incidental Musculoskeletal 
Findings on Breast MRI
Paul Wojack, MD; Suzanne McElligott, MD; Pamela Walsh, MD; Nina Vincoff, MD; Ekta Gupta, MD

Affiliations: Department of Radiology, Northwell Health, and Zucker School of Medicine at 
Hofstra/Northwell, Hempstead, New York. Disclosures: Dr. Vincoff is a member of the Editorial 
Advisory Board of Applied Radiology. 
Keywords: extramammary breast MRI findings, benign and malignant osseous and soft tissue 
chest wall tumors, rib and sternal fractures, normal chest wall variants

for 7-10% of extramammary �nd-
ings,2,3,4 these incidental lesions may 
include osseous hemangiomas (also 
described as venous malformations), 
which comprise 17% of clinically in-
signi�cant abnormalities, and osse-
ous metastases, which comprise 39% 
of clinically signi�cant �ndings.1

Most lesions are determined to be 
benign, however up to 14% require 
additional workup.1 Among patients 
with metastatic breast cancer, for 
example, about 60% will have osseous 

metastases.5 Benign and malignant 
lesions, moreover, frequently share 
overlapping imaging features, making 
diagnosis challenging in many cases. 
Following is a discussion of the appear-
ances of such entities that are likely to 
be encountered on breast MRI.

Benign Osseous Lesions

Bone Islands

Extremely common benign lesions, 
bone islands consist of masses of 
compacted cortical bone o�en seen 
in the sternum or ribs. Clinically 
asymptomatic, they do not enhance 
with contrast. While most occur spo-
radically, they can be associated with 

 ©Anderson Publishing, Ltd. All rights reserved. Reproduction in whole or part without express written permission is strictly prohibited.

Figure 1. T1 fat-saturated, postcontrast axial MR image demonstrating T1 hypointense, nonenhancing 
mass in the sternum (circle). Additionally, this lesion was hypointense on all other sequences, consistent 
with a bone island.

Applied Radiology 5May / June 2024
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syndromes such as osteopoikilosis and 
Gardner syndrome (osteopoikilosis 
plus colonic polyps). Appearing highly 
sclerotic with a mean attenuation 
of 885 HU or greater on CT, they are 
deeply hypointense on all sequences 
on breast MRI (Figure 1).6,7 

Hemangiomas 

Osseous hemangiomas are o
en 
seen within the sternum (Figure 2). 
Histologically, they are composed of 
vascular elements with associated 
fat, although other components such 
as smooth muscle, ­brous tissue, 
or bone may also be seen.8,9 Most 
occur sporadically, but they can be 
associated with a wide variety of 
syndromes, in which case they more 
o
en a�ect the extremities.9  They are 
T2 hyperintense with intermediate 
to high T1 signal (depending on the 
amount of fat within the lesion) and 
will typically enhance. Hemangiomas 

may be associated with radiating tra-
becular thickening around the lesion; 
however, this ­nding is better appre-
ciated with CT or radiography. Unlike 
osseous hemangiomas elsewhere in 
the body, vertebral hemangiomas 
have characteristic vertically oriented 
trabeculations, which develop as a 
response to the axial loading forces.9

Osteochondromas

As a type of exostosis, osteo-
chondromas consist of an osseous 
protrusion from a bone with an 
associated cartilage cap. They com-
monly occur in the long bones and 
sometimes within the ribs (Figure 
3).10 Solitary osteochondromas have 
a low (< 1%) chance of malignant 
degeneration to chondrosarcoma, 
although the risk is greater when 
they are associated with syndromes 
such as multiple hereditary exos-
toses (~5%).11 On MRI, the osseous 

portion of the lesion demonstrates 
corticomedullary contiguity with 
adjacent bone. The cartilage cap has 
low-to-intermediate T1 and high T2 
signal. A cartilage cap thickness >1.5 
cm is suspicious for malignant de-
generation.11 Osteochondromas may 
present either asymptomatically or 
as palpable or painful masses if they 
impinge on adjacent neurovascular 
structures or muscles.

Fibrous Dysplasia
Fibrous dysplasia develops when 

immature bone and ­brous stroma 
replace normal cancellous bone as 
a result of abnormal di�erentia-
tion of osteoblasts.12 The condition 
commonly involves the ribs, skull, 
mandible, and long bones.13 It can 
a�ect patients of all ages but is most 
common in children and young 
adults. Occurring sporadically, most 
cases are monostotic (involving 

Figure 2. (A) Axial T1 and (B) T2 fat-saturated MR images demonstrating a T1 isointense and T2 hyperintense mass in the sternum (circles). 
This mass demonstrated signal dropout on T1 fat-suppressed images and had mild enhancement (not shown). Findings are consistent with an 
osseous hemangioma.

Figure 3. (A) Axial T2 fat-suppressed MR image showing a mass projecting anteriorly from the left third rib (red arrow). Note the T2 hyperintense 
cartilaginous cap of the lesion (white arrow). (B) Chest CT demonstrates corticomedullary continuity with the adjacent rib. Findings are consistent with 
an osteochondroma.

A

A

B

B
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only one bone),12 while about 20% 
are polyostotic (involving multiple 
bones) and may be associated with 
syndromes such as McCune-Albright 
and Mazabraud. Common MRI 
features consist of an expansile mass 

with low-to-intermediate T1 signal, 
variable T2 signal, and variable 
enhancement. If �brous dysplasia 
is suspected, CT evaluation can help 
to demonstrate its typical “ground 
glass” matrix (Figure 4); diagnosis 

can o�en be made with imaging 
alone if this characteristic �nding is 
present. Pathologic fractures are a 
potential complication. Malignant 
degeneration to osteosarcoma, 
�brosarcoma, and malignant �brous 

Figure 4. (A) Axial T2 fat-suppressed MR image showing a T2 hyperintense expansile lesion in the right fourth rib (arrow). This lesion had intermediate 
T1 signal and enhanced with contrast (not shown). (B) Subsequent axial CT image with contrast demonstrates ground-glass matrix within the lesion 
(arrow). No aggressive features were seen. Findings are compatible with fibrous dysplasia.

Figure 5. (A) Axial T1 and 
(B) T1 fat-suppressed 
postcontrast MR images 
of the right breast. There 
is a nonenhancing, T1 
hyperintense mass in 
the lateral chest wall 
musculature that has 
signal loss on fat-
suppressed sequence 
consistent with an 
intramuscular lipoma 
(circles).

A

A

B

B
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histiocytoma can also occur, albeit 
rarely (< 1% of cases).12

Benign Soft-tissue Masses

Lipoma

Composed of adipose tissue (Figure 
5), these masses commonly present in 
the trunk and proximal extremities of 
middle-aged patients.14 They appear 
as a circumscribed mass with signal 

characteristics of fat: high T1 and T2 
signal with signal dropout on fat-  
suppressed sequences. Enhancement 
should be minimal or absent, 
although a few thin internal septa  
are normal. Any thick septations, 
nodularity, or prominent areas of 
enhancement should prompt further 
evaluation for a potential liposarco-
ma. When describing lipomas, their 
location is important to note, as 
super�cial lipomas are easier to 

remove surgically than their intra- 
and intermuscular counterparts.

Nerve Sheath Tumors

Schwannomas and neuro�bromas 
are common nerve sheath tumors 
that occur in the chest wall, typically 
in young and middle-aged adults.15 
They arise from the intercostal 
nerves or posteriorly from the 
spinal nerve roots. On MRI, they are 
isointense to slightly hyperintense 

A B

Figure 6. (A) Axial STIR and (B) T2 fat-suppressed MR images demonstrating peripheral nerve sheath tumors in two separate patients. (A) A T2 
hyperintense intercostal mass (circle) pathologically proven to represent an intercostal schwannoma. (B) Two T2 hyperintense, cutaneous masses 
in the lateral right breast and chest wall (arrows), consistent with neurofibromas in this patient with known type 1 neurofibromatosis. These masses 
demonstrated homogeneous enhancement in both patients (not shown), typical of peripheral nerve sheath tumors.  

Figure 7. Axial T1 fat-suppressed precontrast MR image demonstrating 
a structure anterior to the medial aspect of the right pectoralis major 
musculature (arrow). This structure is isointense to skeletal muscle on 
all sequences and is compatible with a sternalis muscle.

Figure 8. Axial T2 fat-suppressed MR image at the level of the sternoclavicular 
joints. There is a T2 hyperintense, well-circumscribed lesion adjacent to the left 
sternoclavicular joint (red arrow). This lesion was T1 hypointense and did not 
enhance, consistent with a cyst. Mild periarticular spurring is also seen at the left 
sternoclavicular joint (white arrow). Findings are consistent with osteoarthritis 
with subchondral cystic change.

Applied Radiology8 May / June 2024
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relative to skeletal muscle on T1, 
hyperintense on T2, and enhance 
homogeneously with contrast.16 

Intercostal schwannomas are inter-
posed between the ribs, re�ecting 
the course of the intercostal nerves 
(Figure 6). Given their slow growth, 
there may be mild scalloping or 
remodeling of the adjacent bones.

Neuro­bromas develop in younger 
patients, usually in their 20s and 30s, 
and are typically associated with type 
1 neuro­bromatosis.15 They typically 
present as T2 hyperintense cutaneous 
masses (Figure 6). Some neuro­bro-
mas have a characteristic target-like 
appearance on T2 images; the pe-
riphery of the mass is brighter owing 

to the higher content of stromal 
material in the periphery relative to 
the cellular core.17 This zonal distribu-
tion also results in more avid central 
enhancement of neuro­bromas.

Other benign nerve sheath tumors 
such as ganglioneuromas and para-
gangliomas occur in the paraspinal 
regions and are less likely to be 
seen on breast MRI.

Sternalis Muscle

The sternalis muscle is an accesso-
ry muscle that runs vertically along 
the lateral margin of the sternum. 
Breast imagers are familiar with this 
anatomic variant, as it is seen on 
mammography and breast MRI. It 

typically originates from the upper 
sternum but demonstrates many 
potential insertions: the pectoral 
fascia, lower ribs, costal cartilages, 
rectus abdominis muscle sheath, and 
the aponeurosis of the abdominal 
external oblique muscle.18,19 Mam-
mographically, the muscle can 
present as an asymmetry in the 
posterior inner breast on the 
craniocaudal view. On MRI, it 
presents as a vertically oriented 
muscle just super­cial to the medial 
aspect of the pectoralis major muscle, 
adjacent to the lateral margins of the 
sternum. It is isointense to the 
adjacent skeletal muscle on all 
sequences (Figure 7).

Figure 9. (A) Axial T2 fat-suppressed MR image showing a T2 hyperintense area in the 
sternum (circle). (B) Sagittal T1 postcontrast shows that this area represents a portion of the 
nonossified fibrocartilaginous disk of the normal manubriosternal joint.  

A

B
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Sternal Arthridities

Multiple joints involving the ster-
num include the manubriosternal 
joint, the sternoclavicular joints, and 
multiple sternocostal joints. Like 
others, these joints are susceptible to 
various arthridities. The most com-
mon is osteoarthritis, which is charac-
terized by joint space narrowing, 
periarticular osteophyte formation, 
and subchondral cystic changes. 
Subchondral cystic changes appear as 
T2 hyperintense cystic spaces within 
the bone and adjacent to the joint 
spaces (Figure 8). 

In­ammatory arthridities can also 
be encountered. Rheumatoid arthritis 
may demonstrate periarticular 
erosions and joint-space narrowing, 
with fusion across the manubrioster-
nal joint.20 Psoriatic arthritis also 
presents with erosions but in a setting 
of superimposed osseous productive 
changes.21 Although rare, crystalline 
arthropathies such as gout and 
calcium pyrophosphate dehydrate 
deposition disease (CPPD) can also 
a�ect the joints of the sternum. 

A few other conditions classically 
involve the sternum. For example, SA-
PHO syndrome (synovitis, acne, psoria-
sis, hyperostosis, and osteitis) presents 
as sternocostoclavicular hyperostosis 
and osteitis on chest wall imaging.22

Monoarthritis of the manubrios-
ternal joint, characterized by erosive 
changes about the joint, may also 
occur; this condition is o�en idio-
pathic but can occur in the setting of 
trauma or palmoplantar pustulosis.23 

Tiezte syndrome is character-
ized by painful costochondritis of 
the costal cartilage.23 It commonly 
occurs in young women. On imaging, 
the a�ected cartilage will appear 
enlarged with increased T2 signal in 
surrounding tissues and bone result-
ing from edema. 

Additionally, the �brocartilaginous 
disk of the manubriosternal joint 
demonstrates wide variability in 
resorption rate and degree as well 
as ossi�cation over time. Therefore, 

Figure 10. (A) Axial T2 fat-suppressed MR image demonstrates an acute left anterior rib fracture; the 
angulated, disrupted appearance of the rib cortex (arrow), along with a history of recent chest wall trauma, 
helped to confirm the diagnosis of acute fracture. Mild T2-hyperintense edema is seen surrounding the 
fracture site. (B) T1 postcontrast subtracted MR image through the sternum in a different patient with breast 
cancer demonstrating a mildly expansile, heterogeneously enhancing sternal lesion concerning for metastatic 
disease (circle). The patient also had suspected metastatic lesions involving several ribs. (C) Subsequent Tc-
99m HDP SPECT CT, which confirmed metastatic disease in the sternum. Although there was suspicion for a 
pathologic sternal fracture, this diagnosis could not be made definitively on MRI.

A

B
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it is possible for a prominent disk to 
mimic a lesion to radiologists unfa-
miliar with its variations in appear-
ance. Residual disks that have not 
ossi�ed appear T2 hyperintense due 
to their cartilage content (Figure 9).

Rib and Sternal Fractures

Rib fractures are common in 
patients with chest wall trauma, oc-
curring in about 10% of cases.24 While 
chest CT has traditionally been the gold 
standard for assessing rib fractures, 
recent research has shown that MRI 
may be more sensitive for detecting 
acute fractures.24 Additionally, elderly 
female patients and those who have 
received chest wall radiation are at 
increased risk of osteoporosis and rib 
fractures.5,25,26 Although rib and sternal 
fractures are more likely to be detected 
on breast MRI given their locations, 
evaluating the localizer images is 
important, as they may show vertebral 
pathology, including fractures.27

Acute Traumatic Injuries
An acute fracture should demon-

strate either a clear line extending 
through the cortex of the bone or the 
presence of cortical buckling (Figure 
10). There is o�en a history of chest 
wall trauma. During the acute phase 
(up to four weeks), there is T2 hyper-
intense edema and enhancement in 
and around the fracture site resulting 
from posttraumatic in�ammatory 
changes. O�en, multiple adjacent 
ribs are fractured in a linear pattern. 
Over time, as the fracture enters the 
subacute phase of healing, edema and 
contrast enhancement decrease as 
surrounding bony callous forms. Once 
the bone is fully healed, enhancement 
and edema resolve and the osseous 
callus coalesces, typically resulting in 
a chronic fracture deformity. 

Additionally, MRI may detect 
costal cartilage fractures not visible 
on CT or radiography. These occur 
at either the sternochondral or cos-
tochondral junction and most o�en 

a�ect the �rst and second ribs.28 A 
T2 bright, linear �uid cle� extend-
ing through the costal cartilage 
with surrounding edema will be 
visible on MRI.

Pathologic Fractures

In contrast to their benign coun-
terparts, pathologic fractures occur 
in the setting of malignancy such 
as metastatic disease (Figure 10) or 
multiple myeloma (Figure 11). The 
imaging features of both types of 
fractures can overlap; these include 
T2 hyperintense edema in and 
around the a�ected bone. Although 
diagnosing a pathologic fracture can 
be challenging with MRI alone, the 
presence of an expansile bone lesion 
or so�-tissue component may sug-
gest a pathologic fracture. Discrete 
fracture lines may not be seen; bone 
lesions may slowly grow and erode 
through cortical bone, making it 
di�cult to assess for an associated 
fracture.29 Unless displacement is 

Figure 11. (A) T1 postcontrast subtracted image of the right breast in a patient with multiple myeloma showing an expansile, avidly 
enhancing, right anterior rib mass. Note the similar imaging features on MRI between multiple myeloma and other osseous metastases 
depicted in Figure 10. (B) Axial CT scan through the lesion shows the degree of associated osseous destruction (arrow).

A B
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clearly visible, diagnosing a patho-
logic fracture on MRI may be di�-
cult; CT may be helpful in equivocal 
cases. In contrast to the expected 
linear pattern of acute rib fractures, 
pathological fractures will generally 
follow a random distribution. 

Chest Wall Malignancy

Metastatic Disease

The skeletal system is the most 
common site of distant breast cancer 
metastases (occurring in approximate-
ly 60% of patients with metastatic 
disease).5 Other tumors that com-
monly spread to the bones include 
non-small cell lung cancer, hepatocel-
lular carcinoma, renal cell carcinoma, 
thyroid cancer, and prostate cancer.30 

Discovery of osseous metastases on 
MRI immediately upstages a patient 
and usually alters the goal of therapy 
from cure to long-term remission. 
However, curative treatment may still 
be pursued if only a few metastases 
(oligometastases) are present.31 

On MRI, metastatic lesions are 
typically T1 hypointense, owing to the 
replacement of normal fatty marrow 
by tumor cells, with associated T2 
hyperintense marrow edema and 
avid contrast enhancement. While 
early osseous metastases are typically 
con�ned to bone, over time they may 
grow and invade through the cortex 
into adjacent so� tissues, increasing 
the risk for pathologic fracture. Metas-
tases may become sclerotic following 
treatment, subjectively signifying 
interval healing. These changes, which 

are more apparent on CT, may be  
di�cult to appreciate on MRI alone.

Multiple Myeloma

Multiple myeloma is the sec-
ond-most common malignancy 
involving the skeleton (a�er 
metastatic disease) and is also the 
second-most common hematologi-
cal malignancy (a�er non-Hodgkin 
lymphoma),32 typically occurring 
in patients older than 50. Imaging 
features overlap with metastatic 
disease: T1 hypointense masses 
with intermediate or high T2 signal 
with avid enhancement (Figure 
10). Computed tomography and 
radiography will demonstrate the 
classic “punched-out” appear-
ance of numerous lytic lesions 
throughout the bones. 

Figure 12. (A) Large chondrosarcoma on a T1 fat-suppressed postcontrast image (star). Mineralization within the tumor is not readily apparent on 
MRI, but (B) axial noncontrast CT demonstrates the “ring and arc” pattern typical of chondroid lesions (red arrow). Expansion and extensive periosteal 
reaction of a left lateral rib denote the suspected origin site (white arrow). (C) A T1 fat-suppressed MR image demonstrates a large, irregular mass 
arising from a left-side rib with low-signal mineralization. (D) Axial CT shows extensive internal mineralization as areas of high density. Osteosarcoma 
was confirmed histologically. 

B
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Multiple myeloma may also pres-
ent extraskeletally as an extramedul-
lary plasmacytoma. This lesion ap-
pears as a homogeneously enhancing 
mass, with variable and nonspeci�c 
T1 and T2 signal characteristics. The 
presence of myeloma elsewhere in 
the body may suggest a diagnosis of 
extramedullary plasmacytoma. The 
skin, muscles, and pleura are the 
most common sites of involvement.33

Primary Malignant Chest 
Wall Tumors

Multiple types of primary bone and 
so�-tissue tumors can occur in the 
chest wall, many of which share imag-
ing features. However, some imaging 
features can suggest a diagnosis based 
on their location and appearance, 
with tissue sampling generally 
required for de�nitive diagnosis. 
Chondrosarcoma, osteosarcoma, and 
the Ewing sarcoma family of tumors 
o�en arise from the ribs and sternum. 
So�-tissue tumors of the chest wall 
include angiosarcoma, liposarcoma, 
rhabdomyosarcoma, and lymphoma.

Malignant Tumors Arising from 
Ribs and Sternum

Chondrosarcoma (Figure 12) is the 
most common primary chest wall 
tumor in adults. It typically arises 
from the costal cartilage or the 
costochondral junction but may also 
result from malignant degeneration 
of an osteochondroma or enchon-
droma, especially in patients who 
have received chest wall radiation.34 
On MRI chondrosarcoma has low or 
intermediate T1 signal, high T2 
signal, and avid enhancement. Areas 
of low T1 and T2 signal correspond-
with mineralization in the tumor, 
which on CT or radiographs corre-
sponds to the typical “ring and arc” 
appearence of these tumors.

Osteosarcoma (Figure 12) is the 
most common primary bone tumor 
in adults. It commonly involves the 
long bones, but involvement of the 

ribs and sternum is also possible.35 
It typically arises within the mar-
row space of the bones, but certain 
subtypes can arise from the cortex 
(parosteal and periosteal subtypes) 
and so� tissues (extraskeletal 
osteosarcoma). While most osteo-
sarcomas arise de novo, secondary 
subtypes can result from malignant 
degeneration of lesions such as 
�brous dysplasia or Paget’s disease, 
or radiation exposure.35 MRI features 
include intermediate T1 signal, 
moderate-to-high T2 signal, hetero-
geneous enhancement, and areas of 
hemorrhage in the tumor. Typically, 
there is a high degree of mineraliza-
tion within the tumor which will be 
T1 and T2 hypointense and be better 
visualized by CT or radiography.

The Ewing sarcoma family of tu-
mors usually occurs in children and 
young adults and o�en presents as 
a painful, palpable, rapidly growing 
mass. In the chest, the ribs and scap-
ulae are commonly involved sites.36 

On MRI, Ewing sarcoma typically 
has intermediate T1 signal, low or 
intermediate T2 signal, heteroge-
neous enhancement, and no internal 
mineralization. Rarely, the Ewing 
sarcoma family of tumors can arise 
directly from the so� tissues.36

Malignant Tumors Arising from 
Soft Tissues

The di�erential diagnosis of 
primary so�-tissue chest wall tumors 
is broad, with overlapping imaging 
features among many. A few do have 
a characteristic appearance on MRI. 
Liposarcomas are fat-containing 
masses with areas of enhancement 
or so�-tissue nodularity. Angiosarco-
mas demonstrate T1 intermediate 
signal, T2 hyperintensity, di�use 
enhancement, and skin involve-
ment.37 Secondary angiosarcomas 
commonly occur following breast 
conservation surgery. The most 
common risk factors for these are 
prior radiation therapy and chronic 
lymphedema.37  They may occur 
inside the breast or elsewhere in the 

chest wall. Angiosarcomas can be 
associated with a wide array of 
genetic syndromes, including type-1 
neuro�bromatosis, Ma�ucci 
syndrome, BRCA 1 and BRCA 
2, and others. 

Lymphoma of the chest wall 
demonstrates greater signal homoge-
neity and enhancement compared to 
other chest wall tumors.38 Rhabdo-
myosarcomas occur primarily in 
children, rarely in young adults. 
They demonstrate nonspeci�c imag-
ing features and are not commonly 
seen on breast MRI.

Conclusion

Incidental musculoskeletal �nd-
ings are common on breast MRI; it 
is important for radiologists to be 
able to identify these lesions, suggest 
a di�erential diagnosis, and guide 
management. While benign lesions 
o�en present with classic imaging 
features, many malignant lesions 
involving the chest share overlapping 
imaging features and may require 
correlation with CT or radiography 
to assess mineralization, as well 
as biopsy for de�nitive diagnosis. 
Recognizing these extramammary 
musculoskeletal �ndings is import-
ant, especially in patients with breast 
cancer, as they can impact staging, 
treatment, and therapeutic goals. 

By reviewing the demographics 
and imaging features of benign 
and malignant chest wall lesions, 
radiologists can produce more 
speci�c reports, accelerate treatment 
planning, and help alleviate patient 
uncertainty and anxiety.

For further reading, we recom-
mend the Society of Skeletal Radiol-
ogy’s white paper, Guidelines for the 
Diagnostic Management of Incidental 
Solitary Bone Lesions on CT and MRI 
in Adults: Bone Reporting and Data 
System (Bone-RADS). This document 
o�ers a step-by-step �owchart based 
on their signal characteristics and 
other features.39
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Multimodal imaging plays an 
important role in epilepsy evaluation 
to localize the source of seizures and 
is crucial for successful surgical in-
tervention in drug-resistant cases. Up 
to one-third of epilepsy patients have 
nonlesional brain MRIs. Glutamate 
levels in the brain are known to be 
increased in epileptogenic foci. Mag-
netic resonance spectroscopy (MRS) 
has been used to detect brain gluta-
mate levels, but chemical exchange 
saturation transfer (CEST) imaging 
has demonstrated higher sensitivity 
and spatial resolution. 

Recent data suggest that glutamate 
CEST is promising to identify the ep-
ileptogenic zone(s) in drug-resistant 
epilepsy patients without identi�able 
lesions on more conventional imag-
ing and thus improve their prognosis. 
This article serves as an introduction 
to CEST for radiologists in the context 
of epilepsy imaging applications and 
their accompanying challenges. 

Epilepsy Facts
Epilepsy is a central nervous 

system disorder characterized 
by disruptive electrical neuronal 
activity that results in recurrent 
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seizures. It is a devastating disease 
that a�ects more than 46 million 
people worldwide.1 Uncontrolled 
seizures may prevent activities such 
as driving and employment, leading 
to stigmatization, social isolation, 
and psychological harm.2 Epilepsy 
is associated with 11 times the odds 
of premature mortality compared to 
the general population.3 The condi-
tion also in�icts a burden on society, 
costing an estimated  $10-12 billion 
in medical expenditures and indirect 
costs annually in the United States.4,5 
The primary treatment for epilepsy 
is antiepileptogenic medication. 
However, approximately one-third of 
patients are drug-resistant and may 
bene�t from surgical intervention,6-8 
including ablation and minimally 
invasive surgery.9,10 Localization-re-
lated epilepsy (LRE) is the most 
common type, accounting for 80% of 
drug-resistant patients.9 Localizing 
the epileptogenic source increases 
the chance of successful postsurgical 
outcomes by up to three times.11,12 

Current Epilepsy Imaging
High-resolution images of brain 

structure and pathology can be 

obtained by MRI using tissue proper-
ties of T1 and T2 relaxation. Current 
diagnostic techniques have found 65% 
of LRE cases to be temporal lobe epi-
lepsy (TLE),13,14 resulting in favorable 
surgical outcomes, with 70-80% of pa-
tients seizure-free post-treatment.15-19 
Conventional MRI has found that 
two-thirds of TLE patients demon-
strate mesial temporal sclerosis (MTS), 
including the hippocampus, amygdala, 
and parahippocampal gyrus.15 Howev-
er, subtle or early-stage epileptogenic 
lesions may not alter brain physiology 
and morphology enough to exhibit 
detection by conventional MRI. In 
addition, one-third of drug-refracto-
ry TLE patients have no detectable 
lesions on conventional MRI,6,12-15,19,20 
and are up to three times more likely 
to have worse surgical outcomes than 
patients with lesional MRIs.11,21 Despite 
this, histopathology is abnormal in 
approximately 87% of nonlesional MRI 
epilepsy patients, suggesting current 
imaging technology is unable to detect 
the existing pathology.22 

Positron emission tomography 
(PET) with �uorodeoxyglucose (FDG) 
measures glucose metabolism, which 
is tightly connected with neuronal 
activity. The most common PET trac-
er in epilepsy localization for clinical 
practice, FDG is transported into 
the blood cells and phosphorylated 
by hexokinase to form FDG-6-phos-
phate. This step essentially traps it in 
the cell, and the positron radiation 
produced is subsequently measured. 

 ©Anderson Publishing, Ltd. All rights reserved. Reproduction in whole or part without express written permission is strictly prohibited.
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Interictal FDG-PET imaging reveals 
decreased uptake, re�ecting hy-
pometabolism, at epileptogenic foci; 
resection of these correlates with 
positive surgical outcomes.23-25

In pediatric patients, PET has 
been found to be more e­ective than 
conventional MRI in detecting subtle 
lesions; a recent study found that 
lesions were missed by MRI in up to 
66% of patients but detected by PET 
in 77% of patients.26 FDG-PET imaging 
is usually combined with another mo-
dality, such as computed tomography 
(PET/CT). However, combining with 
MRI (PET/MR) results in equivalent 
sensitivity to PET/CT while providing 
the advantages of lower radiation 
exposure and lower dose to the brain 
and eyes owing to the acquisition of 
images in a single session.27 Overall, 
hybrid PET/MR imaging, compared 
to MRI alone, increases sensitivi-
ty and epileptogenic abnormality 
identi�cation, resulting in improved 
seizure-free outcomes.28,29 

Nevertheless, there are several 
limitations to PET utilization, includ-
ing availability, radiation exposure, 
high cost, relatively long scan times, 
and preprocedural requirements 
such as fasting, tight blood glucose 
control, and avoidance of ca­eine, 

alcohol, or drugs that may a­ect 
cerebral glucose metabolism.30 Stud-
ies are optimally performed during 
the interictal period, requiring the 
patient to be seizure free for at least 
24 hours.31 PET’s ability to precisely 
de�ne the surgical margin is also 
limited, as areas of hypometabolism 
may extend beyond the anatomi-
cal epileptogenic zone.32 Overall, 
standard multimodal imaging has 
been unable to identify a clear cause 
of seizures for one-third of epilepsy 
patients, half of whom are drug resis-
tant.33 Owing to water’s abundance in 
the body, MRI relies heavily on the 
molecule’s protons, which produce 
contrasts based on relaxation rates of 
di­erent gross tissue structures. 

There is great interest in expanding 
the use of novel molecules; however, 
direct detection using a multinuclear 
imaging system is technically chal-
lenging and expensive.34 Magnetic 
resonance spectroscopy (MRS) is a 
technique that allows probing of the 
metabolic environment. Neverthe-
less, the current clinically available 
MRS sequences are limited by long 
acquisition times, low sensitivity, 
poor spectral and spatial resolution, 
and volume voxel overlapping with 
non-targeted tissue.35 

Chemical Exchange Saturation 
Transfer Imaging

Chemical exchange saturation trans-
fer (CEST) is an advanced MR  
imaging technique that addresses 
many limitations of current tech-
niques. CEST takes advantage of proton 
exchange between solutes and water, 
providing an ampli�cation strategy to 
detect metabolites and proteins with 
labile groups by using a frequency- 
selective radiofrequency saturation 
pulse (Figure 1). Saturation is a magnet-
ic resonance state in which the selected 
tissue or, in this case, solute produces 
zero net magnetization or signal. 

During radiofrequency saturation, 
low-concentration solutes with ex-
changeable protons can be selectively 
saturated. Owing to proton exchange, 
this saturation is continuously trans-
ferred to the much more abundant 
water molecules, leading to a propor-
tional signal reduction for water.34,36 
The di­erence in the water signal 
obtained with and without saturation 
essentially allows indirect detection 
of low-concentration solutes. 

Glutamate is a key excitatory 
transmitter in the brain; however, 
an imbalance can result in seizure 
activity.39 Dysfunctional glutamate 

Figure 1. Overview of CEST. (A) A small concentration of solute exists within the tissue. (B) The solute of choice is selectively saturated with a 
radiofrequency pulse that reduces the signal of the solute (white H). (C) The saturated solute hydrogen (white H) is then exchanged with an 
unsaturated hydrogen from water (yellow H), reducing the overall signal of water. (D) The process is repeated until a measurable water signal reduction 
is reached, indirectly detecting the solute concentration.9
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cycling by glutamine synthetase in 
astrocytes slows glutamate clearance 
and subsequently elevated levels 
of glutamate in the epileptogenic 
hippocampus.40-43 Studies in animals 
and humans demonstrate glutamate’s 
potential to serve as a marker for local-
izing epileptogenic foci. Microdialysis 
studies in human subjects have shown 
increased glutamate concentrations at 
the epileptogenic focus ictally, interic-
tally, and postmortem.41,42,44-47 

Increased glutamate concentration 
has also correlated with decreased 
hippocampal volume on MRI.47 Using 
MRS, Pfund et al found the combined 
glutamate and glutamine signal to be 
increased  in the epileptogenic hippo-
campus of patients with morphologi-
cally nonlesional epilepsy.48 Decreased 
levels in sclerotic hippocampi were 
also noted; however, their observation 
could have been limited by the hip-
pocampal volume loss and relatively 
large voxel size.48 

This result has led to the investiga-
tion of glutamate as a metabolic agent 
for noninvasive imaging to correlate 
and potentially map epileptogenic 
networks using CEST (GluCEST). 

GluCEST has been found to have 
higher spatial resolution and twice 
the sensitivity for glutamate com-
pared with traditional MRS methods.38

GluCEST has already been demon-
strated in healthy subjects and 
Alzheimer disease mouse models.49-52 
Davis et al have utilized GluCEST for 
epileptogenic source lateralization in 
four nonlesional, drug-resistant, epi-
lepsy patients and 11 healthy controls.53 
Using a two-dimensional single-slice 
GluCEST sequence on a 7 Tesla (T) 
MRI, the epileptogenic hippocampus 
was lateralized in all of the epilepsy 
patients, including two right-sided 
and two le
-sided temporal epilep-
sy patients (Figure 2).53-55 GluCEST 
­ndings matched EEG and subsequent 
histopathology results.53 In addition, no 
signi­cant di�erence in hippocampal 
volume was found between the epilep-
togenic and the contralateral sides. 

Subsequently, Hadar et al applied 
GluCEST to three-dimensional im-
aging and found similar results with 
increased GluCEST signal in the epi-
leptogenic hippocampus,55 and Lucas 
et al found a GluCEST correlation with 
lesional and nonlesional hippocampi.54 

CEST has also been used to distin-
guish the physical signs of tuberous 
sclerosis complex (TSC), a disease 
that a�ects more than 1 million 
people and is caused by mutations in 
the TSC1 or TSC2 genes.56,57 Neuro-
logical manifestations of TSC include 
seizures, intellectual disability, and 
behavioral problems.56,57 Hamarto-
mas in the brain or tubers, major 
hallmarks of TSC, have been shown 
to correlate with seizure burden.58 
Wen et al were able to utilize CEST 
imaging to di�erentiate tubers from 
normal brain tissue, with a prob-
able major metabolic contributor 
being glutamate levels.59 In addition, 
CEST showed the potential to reveal 
tubers undetected by conventional 
T2 sequences.59

Challenges and Future 
Directions

Chemical exchange saturation 
transfer imaging provides a more 
sensitive and robust method to de-
tect and measure biological metab-
olites. However, speci­c resonance 
of the biological metabolites can 

Figure 2. Axial sections from four patients with drug-resistant temporal lobe epilepsy (TLE) showing the increased GluCEST signal in the nonlesional 
epileptogenic hippocampus. (A, B) Right TLE; (C, D) Left TLE. Images courtesy of Davis et al. Reprinted with permission of AAAS.56
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overlap and the CEST signal of two 
biological metabolites may con-
tribute to each other. This includes 
a small contribution of the neu-
rotransmitter gamma-aminobutyric 
acid and creatinine to GluCEST and 
glucose, contributing to glycogen 
detection.38,60 Users must be precise 
and mindful when selecting the 
proper o�set. Also, there could be 
concomitant changes not only in 
glutamate concentration but also 
mild pH change.61 

Third, CEST signal magnitude and 
spectral separation are enhanced 
at higher magnetic �eld strengths, 
requiring many of these studies to 
be performed on 7T scanners.53-55,60 
The need for high �eld strengths has 
thus far limited the broader research 
and clinical implementation of CEST 
MRI; more research is needed to 
assess the potential of CEST to be 
utilized at lower and more widely 
available magnetic �eld strengths. 
Standardization and quanti�ca-
tion across scanners also must be 
improved to allow reliable CEST 
imaging interpretation.62 Methods 
to address this issue are currently 
being explored.63,64

Conclusion
There are multiple diagnostic 

imaging approaches to epilepsy 
imaging, but there is still a sub-
population of treatment-refractory 
epilepsy patients whose lesions 
cannot be detected with convention-
al imaging. CEST provides direct 
interrogation of the metabolic 
composition of biological tissue and 
has been demonstrated to reveal ep-
ileptogenic foci not detectable with 
conventional MRI, including those 
in temporal lobe epilepsy and TSC 
patients. Additional work is needed 
to translate this capability to more 
widely available 3T MRI scanners 
and to standardize CEST acquisition 
and postprocessing. 

Lastly, increased awareness of 
the CEST technique and its potential 

clinical use in epilepsy imaging is 
important as the �eld increasingly 
incorporates metabolic and precision 
imaging into clinical practice.
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Acute nontraumatic abdomi-
nopelvic hemorrhage is a medical 
emergency that requires prompt 
diagnosis; imaging is o�en crucial 
to localize the source and extent of 
bleeding. Ultrasound may be useful 
as an initial screening tool but is not 
sensitive enough to detect subtle 
injuries or small bleeds.1 Computed 
tomography (CT) is most commonly 
used and typically the best option  
in emergency settings, owing to its 
reliability, speed, and typical prox-
imity to the emergency department.2 
Indeed, the modality has been 
shown to be superior to other imag-
ing modalities in detecting intra- 
abdominal bleeding, particularly 
when the bleeding rate is low.1 

Signs of acute hemorrhage on 
CT scans include the triangle sign 
of mesenteric bleeding, sentinel 
clot, mesenteric/hyperdense �uid, 
and active arterial extravasation. 
These �ndings may allow radiolo-
gists to localize the source and site 
of intraperitoneal hemorrhage, 
which can aid management.1,2 This 
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review article focuses on common 
sources of nontraumatic hemo-
peritoneum while highlighting 
salient CT �ndings. 

Appearance of Hemorrhage 
The CT appearance of hemor-

rhage depends on the location, 
age, and extent of the bleeding. 
On unenhanced images, bleeding 
attenuates at 35-45 Houns�eld units 
(HU) in the hyperacute stage due to 
high protein concentration.3 In the 
next few hours, the attenuation will 
increase to over 60 HU as hemoglo-
bin concentration increases in the 

 ©Anderson Publishing, Ltd. All rights reserved. Reproduction in whole or part without express written permission is strictly prohibited.

Figure 1. Coronal CT reformation showing expansile and necrotic right renal cell 
carcinoma (##) with perinephric (**) and intralesional hematoma, as well as expansile 
tumor thrombus extending from the right renal vein (RRV) into the IVC (white arrows). 
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Computed Tomography: An Optimal Modality  
for the Detection of Nontraumatic Intraperitoneal 
and Retroperitoneal Hemorrhage
Robin Okpara, BS; Kaustubh G. Shiralkar, MD; Eduardo J. Matta, MD; Steven S. Chua, MD, PhD

acute stage. This will subsequently 
decrease over time. Typically, blood 
will tend to clot near the bleeding 
site (the “sentinel clot sign”) further 
pinpointing the hemorrhage loca-
tion.2 Over time, the clot will shrink 
with progressive lysis of hemoglobin 
and liquefaction. On contrast-en-
hanced CT, a site of active bleeding 
may demonstrate higher attenuation 
ranging from 85 to 300 HU.2 Such high 
attenuation suggests contrast extrav-
asation and may indicate the need for 
emergency embolization or surgery. 

Tumor-related Causes of 
Hemorrhage

Absent a history of anticoagulant 
use or trauma, spontaneous hemo-
peritoneum is rare. In these cases, 
excluding rupture by neoplasm or 
vasculopathy is essential.4 While 
uncommon, a primary or metastatic 
tumor can rupture and bleed into the 
peritoneal or retroperitoneal cavity 
with devastating e�ects. 

Figure 2. (A) Left-sided coronal CT reformation showing interpolar renal angiomyolipoma. (white arrow) with foci of macroscopic fat and extensive 
perinephric hemorrhage (***). (B) Catheter angiogram indicates pseudoaneurysms (white arrows), which were subsequently embolized (C). Typically, 
AMLs undergo prophylactic embolization if > 4 cm and if pseudoaneurysms are > 0.5 cm. 

Figure 3. Axial contrast-enhanced CT through the upper abdomen in a patient with metastatic 
angiosarcoma with hemoperitoneum (**) from rupture of the hepatic and splenic lesions (##). The 
splenic angiosarcoma contains abnormally dilated, serpentine, and leaky vessels (white arrow).

A B C

Applied Radiology 21May / June 2024 Applied Radiology 21



REVIEW CT: An Optimal Modality for the Detection of Nontraumatic Intraperitoneal and Retroperitoneal HemorrhageREVIEW

Renal Cell Carcinoma
Accounting for 3% of overall adult 

malignancies and 90% of neoplasms 
derived from the kidneys, renal cell 
carcinoma (RCC) is the most common 
renal cancer in adults.5,6 Spontaneous 
hemorrhaging of these tumors more 
commonly accompanies the clear 
cell and collecting duct subtypes and 

typically presents with hematuria, 
pain, and a palpable abdominal mass.7 
On contrast-enhanced CT images, RCC 
is suggested by a solid, enhancing, 
and o�en necrotic mass (Figure 1).3 
Spontaneous rupture of RCC is rare; 
however, the condition is life-threaten-
ing and prompt imaging and interven-
tion may be necessary.8 

Angiomyolipoma
Angiomyolipoma (AML) is the most 

common benign renal neoplasm. It 
consists of fat, smooth muscle, and 
abnormally thick-walled vessels.9 
This entity commonly a�ects wom-
en, usually between the ages of 40 
and 70 years,9 and can present with a 
wide range of signs and symptoms, 

Figure 4.  Axial contrast-enhanced CT 
through the abdomen in a patient with 
three large hepatocellular adenomas with 
internal hemorrhage (***) and one with a 
focus of active bleeding (white arrow).

Figure 5. (A) Axial contrast-enhanced CT through the upper abdomen in a patient with two right hepatic-lobe, arterially enhancing, hepatocellular 
carcinomas (white arrows) with washout in the (B) portal venous phase (white arrows), tumoral bleeding, and perihepatic hematoma (A, B,***) 
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including hematuria, �ank mass, 
hypertension, urinary tract infection, 
and renal failure in severe cases.10,11 
While the tumor is benign, there is 
a risk of rupture (Figure 2). This is espe-
cially true for tumors larger than 4 cm 
and for those with pseudoaneurysms 
greater than 0.5 cm, which frequently 
call for embolization.10 A lipid-rich 
AML will o�en demonstrate internal 
enhancement on contrast-enhanced 
CT with low-attenuation areas of 
macroscopic fat density.3 Surveillance 
may be indicated in certain situations, 

as the risk of rupture increases with 
tumor size.10 There are no established 
guidelines for AML surveillance; how-
ever, the International Tuberous Sclero-
sis Complex Consensus Conference 
recommends that abdominal MRI or 
CT should be performed every 1-3 years 
to assess AML progression over the life 
of the patient.10 

Splenic Angiosarcoma

A rare and aggressive type of 
hypervascular cancer, splenic 
angiosarcoma is typically composed 

of splenic endothelial cells.12 Like 
AMLs, splenic angiosarcomas more 
o�en a�ect women over age 40. 
Signs and symptoms may include 
le� upper quadrant pain, weakness, 
unintentional weight loss, dyspnea, 
and back pain.13 Splenic rupture is a 
severe complication that is common-
ly fatal (Figure 3).14 As the lesion is 
refractory to radiation and chemo-
therapy, swi� diagnosis can facilitate 
urgent splenectomy.15 

Liver Tumors

Hepatocellular adenoma (HCA) 
and hepatocellular carcinoma (HCC) 
and are the two most common liver 
tumors that may result in sponta-
neous hemorrhage.2 An uncommon 
benign neoplasm, HCA is most o�en 
found in women, usually during 
their reproductive years. It may be 
associated with hyperestrogenic 
states associated with obesity and the 
use of estrogen-based oral contra-
ceptives.16 Accurately diagnosing an 
HCA as soon as possible is vital,16 as 
hemorrhage—o�en associated with 
large HCAs ( > 5 cm)—can cause right 
upper quadrant pain and hemody-
namic instability (Figure 4),17 as well 
as spread into the liver or intra-
peritoneal cavity, requiring tumor 
resection.2 In many cases, rupture 
can lead to hemorrhagic shock, 
which requires emergent treatment. 

Figure 6. (A-C) A patient with a positive ß-HCG without an intrauterine gestational sac in the endometrium was found on ultrasound and CT to have a 
left adnexal lesion with tubal ring configuration with peripheral vascularity (#) with accompanying hemorrhage (**), indicative of a ruptured ectopic 
pregnancy. U = Uterus. 
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Further highlighting the importance 
of prompt identi
cation of these 
tumors, some subtypes can undergo 
malignant transformation into HCC.18 

Hepatocellular carcinoma is the 
second-most common cause of can-
cer-related mortality in the world.18 
This cancer is typically found in pa-
tients with cirrhosis and chronic he-
patic in�ammation, usually as a con-
sequence of hepatitis B or hepatitis 
C.2,18 Rupture with hemorrhage into 
the peritoneal or subscapular space 
is a complication of HCC, occurring 
in 3-15% of cases (Figure 5).18 Larger 
and/or peripherally located tumors 
are at a higher risk of rupture; CT 
or contrast-enhanced MRI using 
a liver-mass protocol are the best 
modalities for diagnosis.19 Images of 
HCC rupture typically demonstrate 
discontinuity of the liver capsule, 
subcapsular/peritoneal hematoma, 
and active contrast extravasation.19 

Gynecologic and Obstetric 
Causes 
Ectopic Pregnancy Rupture

The most common causes of gy-
necological nontraumatic hemoperi-
toneum are ectopic pregnancy and 
hemorrhagic cyst ruptures.3 

Ectopic pregnancy ruptures can be 
life threatening; thus, they should be 
considered for every person of child-
bearing capability who presents with 
abdominal pain or vaginal bleeding 
(Figure 6). A�ecting about 1-3% of 
all pregnancies, ectopic pregnancy 
most o�en occurs in the ampulla of 
the fallopian tube.20 The diagnostic 
workup typically begins with serum 
β-HCG measurement and pelvic 
sonography. Patients with a β-HCG 
level over 2000 mIU/mL and an emp-
ty uterine cavity are at increased risk 
of ectopic pregnancy.2 On imaging, 
an adnexal mass with hemorrhage is 

concerning for the condition;3 if con-

rmed, these patients may require 
emergent surgery. 

Ovarian Cyst Rupture

Ovarian cyst (typically a corpus 
luteal or follicular cyst) rupture is 
common in premenopausal people. 
Clinical 
ndings are nonspeci
c 
but may include pelvic pain. The 
patient may not be pregnant, in 
which case the β-HCG levels are 
normal.3 However, it should be 
noted that a positive β-HCG does not 
exclude cyst rupture which, though 
rarely life threatening, should be 
promptly diagnosed and treated. In 
addition, while rarely causing severe 
hemorrhage (Figure 7), a ruptured 
cyst can mimic conditions such as 
appendicitis that require emergent 
surgery.2 Imaging will demonstrate 
a thick-walled cystic structure in the 
adnexa with internal echoes and 

Figure 7. (A) Pelvic ultrasound in a nonpregnant patient with ruptured hemorrhagic 
corpus luteum shows right periovarian hemorrhage and hematoma (**) that is more 
extensive and globally depicted on coronal CT reformation (B). The pelvic hemorrhage 
(**) extended to the perihepatic and perisplenic regions (*) from a ruptured right 
hemorrhagic corpus luteum (#).
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focal wall discontinuity or irregulari-
ty, along with surrounding free �uid/
blood products.21 

HELLP Syndrome
Hemolysis, elevated liver enzymes, 

and low platelet count constitute a 
condition known as HELLP syn-
drome, another potential cause of 
hemorrhage. As a severe variation of 
preeclampsia,2 the syndrome should 
always be considered in the setting 

of acute or severe abdominal pain 
during pregnancy with  abnormalities 
in the laboratory values.3 A rare com-
plication of HELLP is hepatic hem-
orrhage (Figure 8), which can lead to 
hepatic rupture, placental abruption, 
hematoma, and other complications, 
increasing parental and neonatal 
mortality.22 In these patients, CT is the 
preferred imaging modality for char-
acterizing intraperitoneal (Figure 8) 
and hepatic/perihepatic hemorrhage 

Figure 8. Axial CT images from a patient with HELLP syndrome. Ascites and hyperdense amorphous material external to the liver in the portal hepatic 
region appear (arrow) to be associated with segment IVb of the liver. There is no significant change in attenuation or appearance in the noncontrast 
(A) and arterial (B) phases, compatible with hematoma. These findings suggest likely hepatic hemorrhage prior to the exam, resulting in a perihepatic 
hematoma. There was also no active extravasation on the CTA. Axial CT (C) image with sagittal reformation (D) in a different patient shows linear, 
heterogeneous striations through the right posterior and left lobe of the liver which are worrisome for infarcts (arrows). The sagittal image captures the 
hepatic infarction (arrow), ascites (**), and enlarged postpartum uterus (U).
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and infarctions.3,22 Hepatic infarction 
can appear on CT as low-attenuation, 
wedge-shaped areas around the liver 
periphery.23 Owing to the life-threat-
ening nature of HELLP complicated 
by hepatic rupture, prompt evalua-
tion and diagnosis are imperative. 

Vascular Causes of 
Hemorrhage

Abdominal Aortic Artery Rupture

Arterial bleeding can be caused by 
the rupture of an underlying vascular 
pathology. The most common cause 
of intra-abdominal vascular bleeding 
is a ruptured abdominal aortic an-
eurysm (AAA).24 Risk factors include 
male gender, advanced age, a history 
of cigarette smoking, a family history 
of AAA, hypertension, and hypercho-
lesteremia.25 A ruptured AAA should 
be suspected in patients over 50 who 
present with severe abdominal or 
back pain and a pulsating abdominal 
mass.26 Computed tomography will 
show signs of active bleeding, loss of 
aortic wall continuity, the high-atten-
uation crescent sign, and retroper-
itoneal hemorrhage (Figure 9).24,27 
Although many physicians prefer to 
proceed with immediate treatment 

Figure 10. Oblique CT reformation (A) in a coagulopathic patient demonstrates foci of active bleeding in a left rectus sheath hematoma (white arrow). 
(B) Axial CT in the same patient demonstrates left psoas major hematoma (white arrow). 

Figure 9. Coronal CT reformation in a coagulopathic patient with abdominal aortic 
aneurysm and an expanding sac (white double-headed arrow) containing intramural 
hematoma and subacute hemorrhage (***).
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without imaging, CT angiography 
is the preferred imaging modality 
for diagnosis.25 

Iatrogenic Causes of 
Hemorrhage

Anticoagulation Therapy

Hemoperitoneum following anti-
coagulation therapy is not uncom-
mon.28 Anticoagulants such as hepa-
rin and coumadin increase bleeding 
time, which in some cases can lead 
to life-threatening hemorrhage.28 
The risk of bleeding, however, is typ-
ically related to medication dosage.2 
Spontaneous hemorrhage commonly 
occurs in the rectus abdominis or 
the psoas muscles. Occasionally, 
anticoagulation therapy can cause 
spontaneous hemoperitoneum or 
retroperitoneal hemorrhage. Com-
puted tomography is bene�cial in 
coagulopathic patients with suspect-
ed intra-abdominal bleeding.29 

Hematomas of the Abdomen and 
Psoas Muscle

Rectus sheath hematoma (RSH) 
is o�en a clinically misdiagnosed 
cause of acute abdominal pain. This 
is due to an accumulation of blood 
in the sheath of the rectus abdomi-
nis (Figure 10), typically secondary 
to rupture of the inferior or superior 
epigastric vessel, or from a direct 
muscle tear.30 A common presenting 
feature is lower abdominal pain 
that never crosses the midline; the 
Carnett test can distinguish between 
tenderness occurring intra-abdom-
inally and that occurring directly 
in the abdominal wall.30,31 During a 
straight-leg raise, abdominal pain 
that remains the same or gets worse 
(a positive test) suggests a somatic 
source, while pain that improves 
(a negative test) suggests an intra- 
abdominal/visceral source. Addi-
tional signs and symptoms include 
nausea, vomiting, chills, fever, and 
abdominal guarding.31 Because 
RSH is uncommon and frequently 

misdiagnosed, emergency physicians 
and radiologists should be familiar 
with this condition, which can mimic 
many other acute abdominal condi-
tions. In these instances, failure to 
make a prompt and correct diagnosis 
could lead to a futile laparotomy.30 

Psoas muscle hematomas occur 
when blood accumulates either 
under or within the psoas muscle 
(Figure 10).32 They can present as 
unilateral or bilateral, the latter 
being most common. They a�ect 
only about 0.1-0.6% of the popu-
lation, mainly elderly patients on 
anticoagulants or receiving dialysis.32 
The Cullen sign, which is ecchymosis 
in the periumbilical area, and the 
Grey-Turner sign, which is ecchymo-
sis in the �anks, are common.33  
Additional abnormalities may in-
clude muscle dysfunction and nerve 
palsy.34 Most psoas muscle hemato-
mas, however, will resolve sponta-
neously without complication if they 
are not too large and/or compressing 
important surrounding structures.33 

Conclusion 
There are numerous sources of 

spontaneous, nontraumatic hemo-
peritoneum. Radiologist familiarity 
with their imaging features is crucial 
for accurate diagnosis and workup. 
While several imaging options are 
available, multidetector CT is gener-
ally the most e�cient for diagnosis. 
Hemorrhage can be ascertained by 
the presence of a sentinel clot, active 
vascular blush, or hyperdense �uid 
near the organ of interest. Narrowing 
the site of hemorrhage can have im-
portant implications for treatment. 
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EYE ON AI Setting the Stage for Preventive Radiology

Setting the Stage for Preventive Radiology
Leander Maerkisch; Benedikt Schneider; Christian Wiedemeyer, MD, CMO 

Consider 57-year-old Elise (ano-
nymized), who recently received a 
diagnosis of advanced osteoporo-
sis a�er su�ering an unexpected 
fracture, despite having undergone 
several other recent radiological 
exams for unrelated conditions.

This real patient case prompts a 
critical question: Could those prior 
scans have resulted in a much earlier 
diagnosis? Quite possibly. With the 
emergence of “opportunistic AI 
screening,” radiologists may have a 
potentially powerful way to detect 
hidden health conditions within 
otherwise routine scans before they 
progress to more advanced stages.

Understanding Opportunistic 
AI Screening

At its core, opportunistic AI screen-
ing transforms standard medical 
imaging scans into proactive health 
checks. Unlike condition-speci�c 
screening exams, such as annu-
al mammograms, this approach 
leverages AI to analyze more routine 
images for early signs of osteoporosis, 

 ©Anderson Publishing, Ltd. All rights reserved. Reproduction in whole or part without express written permission is strictly prohibited.
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cardiovascular issues, cancer, and 
other medical conditions.1

The Silent Threat of 
Asymptomatic Conditions

In the US alone, over 50 million 
people are at risk for preventable 
conditions like osteoporotic frac-
tures,2 many of which are underdi-
agnosed.3 This endangers individual 
health outcomes4 and also signi�-
cantly burdens the healthcare system 
with resource-intensive and expen-
sive later-stage care.5 

While they remain valuable tools, 
traditional screening programs o�en 
fail to achieve their full potential be-
cause of low participation rates.6 For 
instance, only 4.5% of those eligible 
for lung cancer screening in the US 
actually avail themselves of this op-
portunity.7 The economic burden of 
underdiagnosed conditions runs into 
the billions of dollars,8 underscoring 
the need for more e�ective ways to 
catch them early.

Turning Routine Scans into 
Comprehensive Health 
Insights

Every year, more than 120 million 
CT and MRI scans o�er a detailed 
glimpse into the human body.9,10 Yet 

their diagnostic potential is o�en 
con�ned to the speci�c reason(s) 
for which they are requested.1 For 
instance, an abdominal CT scan can 
not only answer the primary question 
facing the clinician, but it can also po-
tentially o�er quantitative assessment 
of bone mineral density, calci�cation 
in large arteries, body composition, 
and liver volume/attenuation.1

This wealth of unused data rep-
resents a missed opportunity for 
early disease detection. Opportunis-
tic screening seeks to �ll this gap by 
analyzing these scans for additional 
imaging-based biomarkers. Howev-
er, expecting already overburdened 
radiologists to undertake these 
extra, time-intensive measurements 
is unrealistic.11

Providing a Scalable Solution 
with AI

What if AI could step in to help 
assess the images for potential signs 
of disease beyond those for which 
a given imaging exam is requested? 
Enter opportunistic AI screening.

Opportunistic screening leverages 
AI to analyze large volumes of scans 
for imaging-based biomarkers with 
minimal impact on radiologist work-
load. In the case of osteoporosis, AI 
can perform precise 3D segmenta-

EYE ON AI: HOW ARTIFICIAL INTELLIGENCE IS CHANGING RADIOLOGY

Applied Radiology30 May / June 2024



EYE ON AISetting the Stage for Preventive Radiology

tion of the trabecular bone struc-
tures, calculate the bone mineral 
density, and compare the results with 
reference population data to provide 
equivalent scoring to dual X-ray ab-
sorptiometry (DEXA) scanning.12

Several companies are at the fore-
front of this shi� towards what could 
be considered “preventive radiology.” 
By developing AI-based medical de-
vices capable of detecting aneurysms 
in T2 MRI scans and assessing bone 
density in CT scans, companies like 
HeartLungAI (Los Angeles, Califor-
nia), VirtuOst (Berkeley, California), 
and Floy (Munich, Germany) are 
aiming toward transforming “routine” 
scans into holistic health assessments 
at the point of care. Such scans may 
thus be used as a baseline for future 
comparison and more nuanced risk 
strati�cation at follow-up exams. 

Driving Down Costs and 
Unlocking New Use Cases

The advantages of opportunistic 
screening extend beyond improving 
individual care. Already showing early 
success in Europe, the approach also 
presents the US with a model to help 
extend healthcare access to under-
served populations while also reducing 

the resource-intensive and costly im-
pacts of later-stage disease treatment.13

Embracing the Future of 
Preventive Imaging

By transforming standard imaging 
studies into a powerful tool for 
comprehensive health assessment, 
opportunistic AI screening has 
the potential to deliver actionable 
insights earlier in the disease process 
without additional, costly examina-
tions. In doing so, it can help pave 
the way to a future of precision 
medicine where treatment can be 
tailored to the unique needs of each 
patient, and cases like Elise’s become 
a thing of the past.
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primary question facing the clinician, but it can also 

potentially offer quantitative assessment of bone  

mineral density, calcification in large arteries, body 

composition, and liver volume/attenuation.
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The origins of the “Go Green” and sustainabil-
ity movements to reduce man-made impacts on 
the environment can be traced to the 1960s and 
‘70s, which gave birth to the �rst celebration of 
Earth Day in 1970.

However, Kate Hanneman, MD, MPH, vice chair 
of research and deputy lead for sustainability in the 
Department of Medical Imaging at the University 
of Toronto, Ontario, Canada, admits she didn’t 
consider sustainability relevant to her role until 
rather recently.

“While I was interested in sustainability person-
ally, from an academic perspective, I didn’t initially 
think this was in my lane as a radiologist,” says Dr 
Hanneman. But that changed during the pandemic, 
when she started reading papers about the impact 
of radiology on the environment. Suddenly, she 
says, “a light bulb went o�. I realized we do have a 
big role to play.”

She’s not alone. Many medical imaging industry 
and clinical stakeholders are joining their peers in 
transportation, manufacturing, farming, and other 
industries in rethinking energy use and waste 
disposal practices to help curb greenhouse gas 
(GHG) production, believed to be a leading cause of 
climate change. 

“There’s been a ton of momentum and engage-
ment in sustainability in healthcare, especially in 
radiology,” says Reed Omary, MD, MS, noting that 
he has witnessed standing-room-only sessions at 
radiology conferences and read numerous aca-
demic publications on the topic. Dr Omary, who is 
on a climate-learning sabbatical, is the Carol D. & 
Henry P. Pendergrass Professor in the Department 
of Radiology and Radiological Sciences, and a 
professor of biomedical engineering at Vanderbilt 

University Medical Center & School of Medicine in 
Nashville, Tennessee.

“The heart of the momentum is coming from 
medical professionals who are projecting a new 
energy around sustainability … and engaging us 
about our own e�orts,” adds Amy King, sustain-
ability lead at Bracco Diagnostics. King notes that 
recent federal legislation enacting grants and tax 
credits for sustainability action is also advancing 
GHG reduction e�orts in healthcare.

Reduce Energy Consumption
Globally, healthcare emits the equivalent of 

more than 2 gigatons of carbon dioxide each year. 
That amounts to between 5% and 8% of total GHG 
emissions in developed nations and up to 1% of 
emissions worldwide.1 

“Healthcare is an industry that drives one of the 
largest carbon footprints—more than aviation or 
shipping—and in hospitals, imaging accounts for a 
big part of this,” says Olesya Struk, senior director 
of sustainability and access to care at Philips.

Medical imaging equipment—especially MRI 
and CT scanners—consumes signi�cant amounts of 
energy that generates GHGs. The estimated energy 
expenditure for MRI for every 1,000 U.S. citizens 
annually is 1648 kWh; CT energy expenditure comes 
in at an estimated 298 kWh per 1,000 citizens.2 

In response, vendors are taking steps to reduce 
the carbon footprints of their technologies. 
Philips, for example, has added a standby mode 
to all its MRI and CT scanners to reduce energy 
consumption when they are not in use, says Struk, 
adding that scan duration is also optimized for 
energy e¥ciency.

Reduce, Reuse, Recycle: The 
Three R’s of Sustainability
Kerri Reeves
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Philips’ new MRI scanners also now employ e�-
cient micro-cooling technology that requires just 7 
liters of liquid helium—a fraction of the 1,500 liters 
of helium used by conventional magnets. This has 
saved more than 1.9 million liters of liquid helium 
since 2018, says Struk.

Bracco, meanwhile, o�ers consulting services to 
help radiology teams convert from single-dose to 
multi-dose contrast vials, as well as to help imple-
ment weight-based contrast dosing, says King. She 
adds that the company now o�ers a contrast agent 
that uses only half the dose of gadolinium previ-
ously needed to obtain diagnostic-quality images, 
and also encourages its customers to switch from 
single kits to e�ciency packs of its ultrasound 
contrast agent. 

Medical imaging departments and private prac-
tices are likewise joining the sustainability �ght. 
Considering equipment life and rising case volumes, 
Dr Hanneman says, it is imperative that providers 
power down scanners to their lowest settings when 
not in use. She argues that reducing energy use and 
waste is one of the best steps radiology depart-
ments can take to make a signi�cant step toward 
sustainability.

“Energy that is not being used to contribute to 
patient care, generate images, or run our worksta-
tions should be preserved,” Dr Hanneman says, 
recommending establishment of department 
policies to power down machines during pro-
longed idle times, such as a�er hours. Department 
leaders can also inquire about their hospital’s 
energy provider, suggests Dr Hanneman, who says 
that switching to renewable energy can have a big 
impact on emissions.

She similarly recommends using only the imag-
ing sequences that are absolutely necessary to a 
procedure to reduce energy consumption.

“In general, the shorter the protocol, the less 
energy per patient,” Dr Hanneman says. Aligning 

department policy with campaigns to reduce 
low-value imaging and following guidelines for 
managing incidental �ndings can further reduce 
unnecessary imaging, she says.

“The greenest radiology is avoiding the radiology 
that isn’t needed,” agrees Dr Omary.

Reduce Waste
Reducing energy use isn’t the only way to go 

green in radiology; reducing waste is another ef-
fective strategy to improve sustainability e�orts. Dr 
Hanneman suggests that imaging practice leaders 
work with their vendors to expand the lifespan of 
existing machines. Philips, for example, takes back 
whole systems and/or parts for upgrading, refur-
bishing, reusing, or recycling. 

“Healthcare is an industry that drives one of the 
largest carbon footprints—more than aviation or 
shipping—and in hospitals, imaging accounts for a 
big part of this,” says Struk.

Dr Omary says interest is growing in performing 
MRI scans either without gadolinium or with the 
absolute minimum dose required, particularly in 
pediatric cases. The environmental impact of gad-
olinium-based contrast agents in the water system 
is a growing problem.3 Packaging of contrast in 
single-use vials is also a concern.

“We have structured ourselves with well-mean-
ing intention to be disposable radiology depart-
ments,” Dr Omary says, suggesting that by switch-
ing to multi-dose bottles, departments could save 
“an immense amount of money, plastic waste, and 
contrast agent waste.”

Beware the “Double-edged Sword”
So�ware that now allows imaging and image in-

terpretation to be performed remotely can reduce 
the need for travel and thereby indirectly reduce 

Reed Omary, MD, MS
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GHG emissions. Arti�cial intelligence (AI) is gaining 
attention for its potential to improve sustainability 
in radiology in multiple ways, including accelerating 
imaging and optimizing scanners to improve patient 
work�ows, says Dr Hanneman. However, she is quick 
to label AI a  “doubled-edged sword.”

“The data and storage required for AI and the 
energy to train models and run interference is 
massive,” she explains, recommending that data 
storage providers that prioritize renewable energy 
sources be used to help lower AI’s impact on 
the environment.

Collaborate for Successful Change
Implementing the tools, technologies, and 

policies needed to create sustainability requires 
collaboration among key stakeholders. For ex-
ample, department leaders can quantify energy 
savings and patient bene�ts when proposing 
changes to their administrators. They can also look 
for opportunities to collaborate with vendors while 
also requiring transparency about their carbon 
footprint and procurement principles. 

“Through our collective e�orts, imaging teams 
and industry can work together to create more of 
an impact on our society and less of an imprint on 
our environment,” says King.

Like-minded radiology professionals can also 
form communities—like the one growing around 

Dr Omary’s “The Green Leap blog” to make health-
care sustainable.

“Climate change will a�ect us all … but those 
who are already most vulnerable will be a�ected 
the most,” explains Dr Hanneman, who says that 
health equity and the sustainability of our planet 
are “intrinsically linked.”

In the US, 100 healthcare systems have joined a 
Department of Health and Human Services pledge 
to reduce carbon emissions by 50% before the end 
of the decade, and to achieve net zero emissions 
by 2050.1 California-based Kaiser Permanente 
achieved carbon neutrality in 2020.1

“We have many opportunities to reduce waste, 
which is good for the planet,” concludes Dr Omary. 
“By taking care of the planet, we take care of our 
patients and of our health systems.”
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RADIOLOGICAL CASE

Case Summary
An elderly patient presented to the 

emergency department with acute 
right testicular pain and vomiting 
following a recent diagnosis of 
right inguinal hernia. In addition to 
the hernia, the physical exam was 
notable for tenderness in the right 
groin and scrotum. 

Imaging Findings 
Scrotal ultrasound (Figures 1, 2) 

demonstrated a blind-ending, non-
compressible tubular structure in the 
right inguinal canal, measuring up 
to 9 mm in diameter, with moderate 
peripheral color �ow. 

While scanning the spermatic cord, 
the sonographer noticed a tubular 
structure within the inguinal canal 
and proceeded to perform the scan 
with compression. The reading radiol-
ogist recommended abdominopelvic 
CT (Figure 3), which con�rmed the 
presence of a noncompressible, in-
�amed appendix within the hernia. 

Amyand Hernia Complicated by  
Acute Appendicitis
Nicholas A. Jaeger, DO; Midhir J. Patel, MD

Affiliation: AdventHealth, Orlando, Florida..

The appendix measured up to 10 
mm and the proximal portion was 
found to be mildly thickened with 
mild surrounding in�ammatory 
fat stranding. 

Diagnosis
Amyand hernia with acute 

appendicitis. 
The main di�erential diagnosis is a 

strangulated inguinal hernia, which 
can have a similar presentation. 

Discussion
Amyand hernia is named for  

Claudius Amyand, the French sur-
geon who discovered an in�amed 
appendix within a right inguinal 
hernia sac while performing the �rst 
recorded successful appendectomy 
on an adolescent in 1735.1, 2

Amyand hernia is rare, making up  
0.19% to 1.7% of inguinal hernias; a 
2003 study of 1,341 inguinal hernias 
found only 0.6% of cases contained 
the appendix.2-4 Amyand hernia can 
occur at any age but is up to 3 times 
more common in children than 
adults.5  Incidence of concurrent ap-
pendicitis is even more uncommon, 

occurring in an estimated 0.07-0.13% 
of inguinal hernias.4 

Most cases are diagnosed at 
surgery, as imaging is not routinely 
performed prior to inguinal hernia 
repair. Incarceration of the appen-
dix, however, is thought to be a 
predisposing risk factor for acute 
in�ammatory changes that can 
prompt imaging.2

The pathophysiology of acute 
appendicitis in Amyand hernia is not 
clear. It is thought that extraluminal 
compression of the appendix inside 
the hernia, rather than intraluminal 
obstruction as seen in most cases of 
appendicitis, leads to ischemia, bac-
terial overgrowth, and in�ammation 
within the appendix.6

Surgery is the mainstay of treat-
ment. In most cases, the hernia is 
repaired concurrently with the ap-
pendectomy; however, this is at the 
surgeon’s discretion.2, 4 If the hernia 
is to be repaired with a mesh, the 
surgeon may choose to wait until the 
in�ammation/infection has resolved 
to repair the hernia. 

Our patient underwent laparosco-
pic appendectomy and returned two 
months later for hernia repair with 
mesh placement. 
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Figure 1. (A) Sagittal 
grayscale ultrasound of 
the right inguinal canal 
demonstrates a blind-
ending tubular structure 
measuring approximately 
9 mm consistent with a 
mildly dilated appendix. (B) 
Sagittal ultrasound with 
color of the right inguinal 
canal demonstrates a blind-
ending tubular structure 
with increased peripheral 
color flow. 

Figure 2. Transverse 
grayscale ultrasound of the 
right inguinal canal without 
(left) and with (right)
compression, demonstrating 
lack of compressibility of 
the blind-ending tubular 
structure, consistent with a 
noncompressible appendix. 

A

B
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Figure 3. Contrast-enhanced coronal (A) and axial (B) CT abdomen and pelvis demonstrate the dilated base of the appendix within the proximal right 
inguinal canal with mild surrounding fat stranding.

Conclusion 
Because Amyand hernia itself 

is rare, and imaging is not neces-
sary prior to most inguinal hernia 
surgeries, preoperative diagnosis of 
the condition is exceedingly rare. On 
ultrasound, a blind-ending structure 
within the hernia sac should raise 
suspicion for Amyand hernia. To 
assess for acute appendicitis, com-
pression and color �ow ultrasound 
images should be obtained; CT may 

be performed to con­rm the ­ndings 
in equivocal cases. Treatment con-
sists of surgery. 
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Case Summary  
An elderly patient with a history of 

a malignant kidney tumor and aortic 
aneurysm presented with chronic 
right inguinal pain. The patient 
denied recent trauma, swelling, and 
skin changes to the right groin, and 
they endorsed upper respiratory 
symptoms and a recent “popping” 
sensation in the right groin a�er 
coughing. Pelvic and abdominal CT 
scan raised concern for acute hemor-
rhage in the right groin. Coil emboli-
zation was successfully performed.

One month later, CT angiogra-
phy demonstrated mild interval 
enlargement of the right inguinal 
canal region hematoma, consistent 
with a chronic hematoma, which 
characteristically expands following 
a hemorrhagic event.1 

In this case, however, the patient 
also began experiencing lower 
abdominal discomfort, fatigue, 
and tachycardia. The growing mass 
and onset of new symptoms, some 
of which are common in cancer 
patients,2  prompted exploratory 
surgery, which demonstrated a right 
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groin mass suspicious for malig-
nancy. Biopsy and histopathology 
subsequently resulted in a diagnosis 
of  malignant spindle cell neoplasm.  

Imaging Findings 
The initial abdominopelvic CT 

demonstrated a 10 cm x 5 cm x 6 
cm heterogeneous collection with a 
blush (contrast pooling) appearing 
as an acute hemorrhage in the right 
inguinal canal (Figure 1). Catheter 
angiography prior to embolization 
demonstrated several irregular 
branches arising from the right in-
ferior epigastric artery without con-
trast extravasation (Figure 2). One 
month postembolization, abdomi-
nopelvic CT revealed mild interval 
enlargement of the right inguinal 
canal region mass to 14.7 cm (Figure 
3). Biopsy was performed (Figure 4).

Diagnosis 
Malignant spindle cell sarcoma 

Discussion
We present an unusual occurrence 

of a right groin spindle cell sarcoma 
disguised as a hematoma. Spindle cell 
sarcomas are a rare and heterogeneous 
type of so�-tissue sarcoma.3 They 

arise from layers of connective tissue 
and may occur in any anatomical 
location, including so� tissue, bone, 
and viscera.4 Given the heterogeneity 
of so�-tissue sarcomas, the clinical 
presentation is not well characterized. 
Owing to this obscurity, collections in 
the inguinal region can be mistaken 
for hematomas on imaging modal-
ities such as ultrasound.5 In these 
cases of uncertainty, follow up and/or 
contrast-enhanced imaging plays an 
important role in correct diagnosis. 

In most settings a metastatic 
inguinal neoplasm is an unlikely 
explanation for inguinal pain or 
mass. More probable causes include 
inguinal hernia, hydrocele, abscess, 
and hematoma.6 Visual and physical 
examination, however, can lower the 
probability of hernia, which presents 
as a bulge in the inguinal region.6 
The absence of recent trauma, 
swelling, and skin changes of the 
right groin also reduce the likeli-
hood of hernia.6 

An e�ective tool for diagnosing the 
cause of inguinal pain, CT can typi-
cally distinguish among abdominal 
wall masses, tumors, hematomas, and 
unsuspected hernias.7 In this case, CT 
revealed a heterogeneous collection, 
as well as what was thought to be 
contrast extravasation, which may 
indicate active bleeding in the area.8 
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Figure 1. Axial pelvic CT 
scan at initial presentation 
demonstrates a right groin 
heterogeneous, rounded 
region of soft tissue density 
measuring 10cm x 5cm x 6cm 
with blushing. This is seen as 
hyperdensity at the inferior 
aspect of the lesion thought 
to depict intravenous contrast 
extravasation (arrow). 

Figure 2. (A) Catheter angiogram displaying several irregular branches arising from the right inferior epigastric artery. Blue arrows show hyperemia 
within the mass without active contrast extravasation. (B) Catheter angiogram following coil embolization. 

A B
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Given the concerns about bleed-
ing, catheter angiography and coil 
embolization were performed. The 
procedure is indicated in cases of 
suspected active arterial hemorrhage 
to identify and occlude blood vessels 
and stop the bleeding.9 

Conclusion
Malignant spindle cell sarcoma in 

the inguinal region is rare and may 
be missed because it can present 
with signs and symptoms that over-
lap with a groin hematoma. Imaging 
is essential to accurate diagnosis. 
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Figure 4. H&E stain of the spindle cell neoplasm at 30 X magnification demonstrates a multinucleated 
giant cell tumor along with background spindle cells. Arrows indicate the typical spindle-shaped cells. 

Figure 3.  CT angiogram one month after initial CT demonstrates mild interval enlargement of the right 
groin lesion to 14.7 cm.
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RADIOLOGICAL CASE

Case Summary
An adult with a history of meta-

static prostate cancer presented for 
routine surveillance CT.

Imaging Findings
Contrast-enhanced CT of the chest, 

abdomen, and pelvis showed no ev-
idence of metastatic bone disease or 
pelvic lymphadenopathy. A low-den-
sity �lling defect was observed within 
the inferior vena cava (IVC) contrast 
column (Figure 1). Low-density tissue 
extended beyond the lumen of the 
IVC into the adjacent right adrenal 
gland, forming a 2.7 × 2.4 × 2.4 cm 
nodule. Initial prostate cancer staging 
CT seven years prior showed the tu-
mor to be centered along the IVC with 
50% being intraluminal and 50% ex-
traluminal (Figure 1). The patient un-
derwent adrenalectomy and resection 
of the involved portion of the IVC.

Retrospective evaluation of mul-
tiple studies showed growth of the 
intra- and extraluminal components, 
with greater growth extraluminally 
into the adrenal gland with varying 
degrees of intraluminal conspicuity 
related to contrast bolus timing. The 

Leiomyosarcoma of the Inferior Vena Cava
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lesion also demonstrated signi�cant 
F-18 �uciclovine uptake adjacent to 
physiologic liver activity (Figure 2). 

Diagnosis
Leiomyosarcoma of the IVC. 
Di�erential diagnosis includes me-

tastasis and adrenal origin neoplasms 
such as low-grade adrenal malignan-
cies, including pheochromocytoma, 
low-grade adrenal carcinoma, and 
primary adrenal lymphoma. 

Discussion
Venous leiomyosarcomas predom-

inantly involve the IVC and represent 
fewer than 1% of malignant tumors.1 
Roughly 300 have been reported since 
2006.2 This tumor a�ects women 
more than men, with a ratio of 3:1, 
and occurring most frequently be-
tween the ages of 40 and 60 years.3

The appearance of an IVC leiomyo-
sarcoma on imaging can be some-
what variable. Most commonly, these 
tumors grow extraluminally at a rate 
of 2:1 versus intraluminal growth.3 
They typically appear as heteroge-
neously enhancing masses with at 
least some intraluminal component 
causing a �lling defect.

Filling defects on routine con-
trast-enhanced CT present a frequent 
dilemma for the radiologist. The most 

common reason for poor contrast 
opaci�cation of a vein or portion of 
a vein is admixture of blood con-
taining contrast with blood not yet 
saturated with contrast. These wispy 
or streaking �lling defects are readily 
recognized by the radiologist and 
determined to be normal. Occasion-
ally, these �lling defects demonstrate 
a more distinct border, which can 
indicate thrombus, neoplasm, or 
o�en simply an atypical appear-
ance of admixture. 

Intravenous neoplasms are com-
monly associated with solid organ 
tumors which extend into the venous 
drainage of the organ. The benign 
primary tumor of the venous smooth 
muscle layer, leiomyoma, and its 
malignant counterpart, leiomyosar-
coma, are rarer causes for venous 
�lling defects. These tumors may 
develop cystic necrosis. Leiomyosar-
coma uptake of F-18 �uciclovine has 
not previously been reported.

The level of the IVC involved is 
important for prognosis and treat-
ment planning. Renal and suprarenal 
levels are most common (42%-50%) 
and have the most favorable prog-
nosis. Intrahepatic is the rarest level 
of involvement (6%-20%) and has 
the worst prognosis. Approximately 
37%-44% of leiomyosarcomas of the 
IVC are infrarenal. Although indolent, 
signi�cant mortality is associated 
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with these tumors, with an overall 
10-year survival of 14% a�er com-
plete resection.4

Conclusion
Inconsistent contrast opaci�ca-

tion on CT makes the IVC prone to 
artifact from admixture. Inclusion 
of the IVC into the radiologist search 
pattern is essential for identifying 
true pathology, including the rare 
leiomyosarcoma, as well as relatively 
common pathologies such as bland 
and tumor thrombus.
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Figure 2. Axial F-18 
fluciclovine PET/
CT images show 
hypermetabolism 
within the nodule.

A B

Figure 1. (A) Axial contrast-enhanced CT (CECT) images through the inferior vena cava showing an irregular nodule (arrowheads) involving the right 
adrenal gland and IVC with intraluminal extension. (B) Initial axial CECT images of the lesion obtained seven years prior. The nodule (arrowhead) is 
smaller and more circumscribed.
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RADIOLOGICAL CASE

Case Summary
An elderly patient presented to the 

emergency department with confu-
sion, upper-extremity weakness, and 
slurred speech. Noncontrast head 
CT revealed a right temporoparietal 
lesion with surrounding vasogenic 
edema, which was con�rmed by 
MRI. The patient was admitted and 
anticoagulation for their atrial �bril-
lation was discontinued.

The patient experienced improve-
ment and was discharged a�er several 
days. Follow-up outpatient MRI four 
weeks later demonstrated persistent 
vasogenic edema and multiple new 
petechial lesions, necessitating a 
second hospitalization and ste-
roid treatment. 

Imaging Findings   
Initial noncontrast head CT 

revealed a 1.5 x 2.3 cm hyperdense 
ovoid lesion in the right tempo-
roparietal region surrounded by 
widespread, frond-like areas of 
hypodensity. T2 FLAIR MRI further 
characterized this temporoparietal 
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lesion as a subcortical hemorrhage 
with out-of-proportion hyperintense 
vasogenic edema. T2* GRE demon-
strated concentric deoxyhemoglobin 
around the hemorrhage (Figure 1). 
One month later, T2 FLAIR demon-
strated persistence of prior temporo-
parietal hyperintensities. Susceptibili-
ty-weighted imaging  revealed interval 
development of punctate foci of 
signal loss, co-localized to the hyper-
intensities seen on FLAIR (Figure 2).   

Diagnosis
Cerebral amyloid angiopathy-re-

lated in�ammation (CAARI). The 
di�erential diagnosis includes 
posterior reversible encephalopathy 
syndrome, leukoencephalopathy, 
brain tumor, primary angiitis of 
the central nervous system, acute 
disseminated encephalomyelitis, and 
neurosarcoidosis.

Discussion
CAARI is a rare variant of cerebral 

amyloid angiopathy (CAA). In CAA, 
amyloid β (Aβ) is deposited in the 
walls of cortical and leptomeningeal 
vessels, producing vasculopathy.1 
Hereditary CAA is associated with 
Down syndrome and mutations in 
genes encoding amyloid precursor 

and presenilin proteins, whereas 
sporadic CAA is age-related.2 

Both types can present with acute, 
recurrent intracerebral hemor-
rhage (ICH), progressive dementia, 
and transient focal neurological 
episodes.1,2 CAARI shares these man-
ifestations, in addition to speci�c 
features like subacute encephalop-
athy, cognitive changes, stroke-like 
de�cits, headaches, and seizures. 
The average age of patients a�ected 
by CAARI is 67, with no clear gender 
predominance.2,3 

In CAARI, Aβ is believed to trigger 
an autoimmune response, resulting 
in either perivascular in�ammation 
(in�ammatory cerebral amyloid 
angiopathy [ICAA]) or intramural/
transmural in�ammation (Aβ-re-
lated angiitis [ABRA]). ICAA and 
ABRA are reconciled as distinct 
histologic forms of CAARI that have 
equivalent clinicoradiologic pre-
sentations. Regardless of the form, 
brain biopsy is needed to de�nitively 
diagnose CAARI.2 Increasingly, MRI 
is preferred for noninvasive probable 
diagnosis of CAARI.

Although infrequent, symptom-
atic, large ICH is a classic imaging 
�nding of CAA. Other characteristic 
MRI �ndings include white matter 
hyperintensities (WMHs), cerebral 
microhemorrhages or microbleeds 

Applied Radiology44 May / June 2024



Cerebral Amyloid Angiopathy-related Inflammation RADIOLOGICAL CASE

(CMBs), cortical super�cial siderosis 
(CSS), sulcal subarachnoid hemor-
rhage, and cortical atrophy.1-3 With 
CAARI, these �ndings are preserved 
but may di�er slightly from those in 
traditional CAA. For example, WMHs 
in CAARI are unifocal or multifocal, 
patchy, asymmetric, and con�u-
ent.2-4 These hyperintensities have 

vasogenic edema with or without 
mass e�ect and contiguous gray 
matter extension.2,4 

Hyperintensities in CAARI usually 
reverse with resolution of edema.4 
Comparatively, hyperintensities in 
traditional CAA are spot-like when 
subcortical and have periventricular 
and posterior cerebral predomi-

nance without vasogenic edema.1,5 
Similarly, hyperintensities re�ect-
ing chronic small-vessel ischemia 
(caused by CAA or hypertensive 
arteriopathy) should be distin-
guished from the reversible, patchy 
hyperintensities characteristic of 
CAARI, as both types may be seen 
in some patients.

Figure 2. (A, B) Follow-up axial T2 FLAIR demonstrates showing persistence of the temporoparietal hyperintensities. (C) Axial susceptibility-weighted 
imaging demonstrates interval development of numerous punctate areas of signal loss, consistent with microhemorrhages. 

Figure 1. (A, B) Axial T2 FLAIR demonstrates temporoparietal hemorrhage with surrounding patchy and confluent hyperintensities. These 
hyperintensities reflect vasogenic edema and extend into the gray matter, causing sulcal effacement. They exert mass effect on the occipital horn 
of the right lateral ventricle. There is also increased FLAIR signal in the local subarachnoid space (white arrow), consistent with sulcal subarachnoid 
hemorrhage. (C) Axial T2* GRE demonstrates concentric deoxyhemoglobin around the hemorrhage, with associated susceptibility effect. There is an 
insufficient presence of microbleeds needed for probable diagnosis of CAARI, as per the imaging criteria. At this time, the patient was not formally 
diagnosed and was told to obtain a follow-up MRI in one month.

A B C

A B C
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Compared to CAA, the incidence 
of CMBs is much higher in CAARI, 
and their distribution is not neces-
sarily occipital dominant.3,6 Cerebral 
microhemorrhages are best seen 
using T2* GRE/SWI sequences.2,4 
Hemosiderin from hemorrhage is 
paramagnetic and produces magnet-
ic �eld inhomogeneity enhanced by 
T2* sequences, resulting in blooming 
artifact. Cerebral microhemorrhages 
or microbleeds are thus visualized as 
punctate areas of signal loss. 

SWI is more sensitive to CMB 
depiction, owing to its high spatial 
resolution, three-dimensional capa-
bility, and lower section thickness 
compared to standard T2* GRE.7 
In CAARI, CMBs appear in a lobar 
distribution and can colocalize with 
WMHs.3,4,6 T2* GRE/SWI also depict 
CSS, a chronic �nding which appears 
as linear signal loss along pial surfac-
es of the brain.7 In the acute stage, in 
place of siderosis, sulcal subarach-
noid hemorrhage may appear as T2 
FLAIR hyperintensities.1 

White matter hyperintensities 
of CAARI might resemble those of 
posterior reversible encephalopathy 
syndrome and some leukoenceph-
alopathies. T2* GRE/SWI is thus 
critical for di�erentiation, as it can 
depict CMBs speci�c for CAARI.2 
Additionally, WMHs of CAARI have 
a tumefactive appearance that may 
mimic a brain tumor.2,6 

In the absence of brain biopsy, a 
diagnosis of tumor may be missed 
in patients with coexisting CAARI. 
Accordingly, CAARI is diagnosis of 
exclusion, and biopsy should be 
performed based on the clinical 
circumstance.2 Moreover, diseases 
like primary angiitis of the central 
nervous system, acute disseminated 
encephalomyelitis, and neurosar-

coidosis can imitate CAARI, but 
gradient-echo MRI can again help 
suggest a CAARI diagnosis.2,3

Patchy, con�uent WMHs and 
concomitant hemorrhagic man-
ifestations (CMBs, CSS, or prior 
ICH) compose the imaging criteria 
needed to diagnose CAARI with MRI. 
Besides imaging, patients must also 
be older than 40, have one or more 
typical symptoms of CAARI, and lack 
neoplastic or infectious causes for 
proper diagnosis.8 Empiric treatment 
with high-dose glucocorticoids is 
indicated in suspected CAARI. In se-
lect cases, immunosuppressants like 
cyclophosphamide and azathioprine 
may be considered as supplemen-
tal therapy.2,4,6 

In our case, the WMHs of CAARI 
were confounded by the e�ects 
of local vasogenic edema from 
the temporoparietal hemorrhage, 
making diagnosis more di�cult. 
Additionally, initial T2* GRE did not 
reveal substantial evidence of CMBs, 
which further delayed diagnosis and 
treatment. Glucocorticoid treat-
ment was begun when these white 
matter hyperintensities persisted on 
follow-up outpatient MRI and new 
CMBs were identi�ed using suscepti-
bility-weighted angiography. 

This illustrates the importance of 
prompt follow-up imaging, especially 
with three-dimensional susceptibili-
ty-based sequences with high spatial 
resolution, in unclear cases like ours.

Conclusion
CAARI is a rare variant of CAA that 

causes subacute neurobehavioral 
symptoms, focal neurologic signs, 
headaches, and seizures. Patients 
can also have classic manifestations 
such as large, symptomatic ICH. 

Characteristic �ndings on MRI 
using T2 FLAIR and T2* gradient 
echo sequences permit probable 
diagnosis of CAARI. Brain biopsy is 
needed for de�nitive diagnosis, but 
empiric treatment should not be 
delayed when clinical and radiologic 
suspicion is high. 
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RADIOLOGICAL CASE

Case Summary
An adult presented to the emergen-

cy department with fever and sepsis 
7 days postpartum. Pregnancy course 
and delivery were uncomplicated. 
Blood cultures were positive for group 
A streptococcus, and aggressive anti-
biotics and supportive management 
were initiated. Shortly a�erward, the 
patient arrested and was placed on 
extracorporeal membrane oxygen-
ation (ECMO) a�er attempts to restore 
cardiac rhythm failed. Acute renal 
failure, disseminated intravascular 
coagulation (DIC), and generalized 
ecchymosis with skin blisters occurred 
on the second day. A noncontrast 
computed tomography (CT) scan of the 
chest on day 5 revealed acute respi-
ratory distress syndrome (ARDS) and 
early calci�cation of the le� ventricu-
lar papillary muscles and myocardium 
with sparing of the endocardium. This 
�nding was con�rmed by echocardi-
ography. The calci�cations appeared 
more dense on follow-up CT images; 
however, the cardiac ejection fraction 
(EF) was within normal limits (60%).

Imaging Findings
Noncontrast chest CT demonstrated 

ARDS and early di�use calci�cations 

involving the le� ventricle myocardium 
and the papillary muscles (Figure 1). 
However, serum calcium and phospho-
rus were not elevated and no dystrophic 
calci�cations were noted elsewhere. 
These �nding were con�rmed by 
trans-esophageal echocardiography, 
which showed dense le� ventricle myo-
cardium (Figure 2). These calci�cations 
did not signi�cantly a�ect the le� ven-
tricular EF, which was 60% (n = ≥55%). 
Follow-up CT chest one month later  
revealed progressive le� ventricular 
calci�cation (Figure 3).
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Figure 1. Axial nonenhanced chest computed tomography (CT) image showing early 
left ventricular wall calcifications (arrows).

Diagnosis
Sepsis-induced dystrophic le� 

ventricular calci�cation

Discussion
Dystrophic calci�cation is a sequel of 

tissue necrosis that is not associated with 
elevated serum calcium or renal failure. 
A suggested explanation for the mecha-
nism of calci�cation is that membrane 
damage leads to calcium-ion concen-
tration within membrane-bound 
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revealed progressive le� ventricular 
calci�cation (Figure 3).

damage leads to calcium-ion concen
tration within membrane-bound 
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The Pandemic. Remember it?  
Facetious question. Of course you do. That time 

when we all learned Zoom. I have thought a good 
bit about what that time past has meant to me, my 
friends, my family, my job, and what it has done to 
all of us. Nothing too deep here. You know me.

As we have gotten back to a more normal work 
routine, you all know the things that have changed 
and what it has meant to us all. Some of us are work-
ing remotely a lot now. Nothing wrong with that. 
Well, something is wrong with that. I used to like 
to dress well for work. Now, sweatpants are pretty 
much okay. Yes, I still do work at the hospital, but 
fewer days, fewer nice clothes. I don’t miss the cloth-
ing expense and I have clearly saved money on suits. 
I am thinking that there was a hit on the economy 
from people not buying new clothes for the season. 

The Pandemic made us all respect personal 
space. REALLY respect personal space. Mandatory 
distancing for interpersonal spacing, remember 
that? One thing I have noticed in our return to nor-
malcy is that a modicum of this distance thing has 
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Back to Work
C. Douglas Phillips, MD

remained. I really have not been crowded in a line 
since we started seeing each other again. Some 
innate memory of not wanting to get too close to 
everyone —  they might be infectious. Score one for 
humanity and individuals.

Here’s an odd and (at least for me) unexpect-
ed post-pandemic item: Tumor board. I am the 
radiology representative for a tumor board at our 
institution and we are in hybrid mode now. Yes, 
some people meet face to face again. But we have 
lots of folks on the Zoom call, and believe it or not, 
now we always have someone from any service 
with reason to be there, and o�en, several. Not just 
one voice from radiology, or one voice from pathol-
ogy, or one from heme-onc, or radiation therapy. 
Several. That’s another score. 

Here’s a thing that I miss. Working remotely 
doesn’t let me watch clinicians wander into my 
reading room to steal chocolates. Or grab pens 
from the reception desk. I’ve contemplated setting 
up a remote camera to let me still watch these folks.

Keep doing that good work. Mahalo. 

WET READ

“While we vented and ranted about the quarantine life hoping to wake 
up miraculously from this dystopian nightmare, we also discovered a 
newfound respect for the life that was, that we had left behind.” 

—Anindita Das

Applied Radiology48 May / June 2024

©Anderson Publishing, Ltd. All rights reserved. Reproduction in whole or part without express written permission is strictly prohibited.



The 2024 Leaders on the Horizon  
Residents’ Program

This exclusive program is designed to identify, cultivate,  
and highlight the future stars in medical imaging. 

Residents are encouraged to submit a clinical research paper  
and/or a clinical review article for consideration. All papers should  

be focused on topics related to medical imaging and will be reviewed  
by a committee of key opinion leaders in radiology.                

 

Residents authoring the top three (3) papers selected 

for each category will receive a scholarship. 

  Clinical Research Papers    

  1st place    $7500 

  2nd place   $5000

  3rd place    $3000 

Paper Submission Deadline: October 1, 2024

Visit appliedradiology.com/leaders to submit a paper topic today!

Supported through an unrestricted educational grant from Bracco Diagnostics, Inc.

Clinical Review Papers

1st place    $3000 

2nd place   $2000

3rd place    $1000



Advance patient care with smart injectors 
and digital solutions from Bracco. 

Learn more at SmartInject.com

Point-of-care imaging 
solutions that help 
promote patient safety 
and streamline workfl ow

SmartInject
SOLUTIONS FROM BRACCO

Injectors and 
Digital Solutions 

MR SuiteCT Suite

Bracco Diagnostics Inc. 
259 Prospect Plains Road, Building H
Monroe Township, NJ 08831 USA

© 2023 Bracco Diagnostics Inc. All Rights Reserved.

Phone: 609-514-2200
Toll Free: 1-877-272-2269 (U.S. only)
Fax: 609-514-2446

Contrast management system

Committed to Science,
 Committed to You.™




