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LIFE IS FULL OF COMPROMISES.

IT'5 TIME TO TAKE A STAND.

[ CHOOSE BOTH.

The individual who appears is for illustrative purposes. The person depicted is a model and not a real healthcare professional.
Please see Brief Summary of Prescribing Information including Boxed Warning on adjacent page.

VUEWAY™ (gadopiclenol) solution for injection

Indications
VUEWAY injection is indicated in adults and children aged 2 years and
older for use with magnetic resonance imaging (MRI) to detect and
visualize lesions with abnormal vascularity in:
o the central nervous system (brain, spine and surrounding tissues),
e the body (head and neck, thorax, abdomen, pelvis, and
musculoskeletal system).

IMPORTANT SAFETY INFORMATION
WARNING: NEPHROGENIC SYSTEMIC FIBROSIS (NSF)

Gadolinium-based contrast agents (GBCAs) increase the risk for
NSF among patients with impaired elimination of the drugs. Avoid
use of GBCAs in these patients unless the diagnostic information
is essential and not available with non-contrasted MRI or other
modalities. NSF may result in fatal or debilitating fibrosis affecting
the skin, muscle and internal organs.
e The risk for NSF appears highest among patients with:
e Chronic, severe kidney disease (GFR <30 mL/min/1.73 m?), or
e Acute kidney injury.
o Screen patients for acute kidney injury and other conditions
that may reduce renal function. For patients at risk for
chronically reduced renal function (e.g. age > 60 years,
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HIGH RELAXTVITY, HIGH STABILLTY:*

hypertension, diabetes), estimate the glomerular filtration rate
(GFR) through laboratory testing.

¢ For patients at highest risk for NSF, do not exceed the
recommended VUEWAY dose and allow a sufficient period of
time for elimination of the drug from the body prior to any re-
administration.

Contraindications
VUEWAY injection is contraindicated in patients with history of
hypersensitivity reactions to VUEWAY.

Warnings

Risk of nephrogenic systemic fibrosis is increased in patients using
GBCA agents that have impaired elimination of the drugs, with the
highest risk in patients chronic, severe kidney disease as well as
patients with acute kidney injury. Avoid use of GBCAs among these
patients unless the diagnostic information is essential and not available
with non-contrast MRI or other modalities.

Hypersensitivity reactions, including serious hypersensitivity reactions,
could occur during use or shortly following VUEWAY administration.
Assess all patients for any history of a reaction to contrast media,
bronchial asthma and/or allergic disorders, administer VUEWAY only in
situations where trained personnel and therapies are promptly available
for the treatment of hypersensitivity reactions, and observe patients for
signs and symptoms of hypersensitivity reactions after administration.
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Gadolinium retention can be for months or years in several organs
after administration. The highest concentrations (nanomoles per gram of
tissue) have been identified in the bone, followed by other organs (brain,
skin, kidney, liver and spleen). Minimize repetitive GBCA imaging studies,
particularly closely spaced studies, when possible.

Acute kidney injury requiring dialysis has occurred with the use
of GBCAs in patients with chronically reduced renal function. The
risk of acute kidney injury may increase with increasing dose of the
contrast agent.

Ensure catheter and venous patency before injecting as extravasation
may occur, and cause tissue irritation.

VUEWAY may impair the visualization of lesions seen on non-contrast
MRI. Therefore, caution should be exercised when Vueway MRI scans are
interpreted without a companion non-contrast MRI scan.

The most common adverse reactions (incidence > 0.5%) are injection
site pain (0.7%), and headache (0.7%).

You are encouraged to report negative side effects of prescription drugs
to the FDA. Visit www.fda.gov/medwatch or call 1-800-FDA-1088.

Please see BRIEF SUMMARY of Prescribing Information for VUEWAY,
including BOXED WARNING on Nephrogenic Systemic Fibrosis.

HALF THE GADOLINIUM DOSE COMPARED TO OTHER
MACROCYCLIC GBCAS IN APPROVED INDICATIONS.'*S
FROM BRACCO, YOUR TRUSTED PARTNER IN MRL.
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Manufactured for Bracco Diagnostics Inc. by Liebel-Flarsheim Company
LLC - Raleigh, NC, USA 27616.

VUEWAY is a trademark of Bracco Imaging S.p.A.
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Vueway™

(gadopiclenol) injection, for intravenous use

BRIEF SUMMARY: Please see package insert of
full prescribing information.

WARNING: NEPHROGENIC SYSTEMIC FIBROSIS (NSF)
Gadolinium-based contrast agents (GBCAs) increase the risk
for NSF among pati with impaired elimination of the drugs.
Avoid use of GBCAs in these patients unless the diagnostic in-
formation is ial and not available with non |
MRI or other modalities. NSF may result in fatal or debilitating
fibrosis affecting the skin, muscle and internal organs.

o The risk for NSF appears highest among patients with:
o Chronic, severe kidney disease (GFR <30 mL/min/1.73

m?), or

o Acute kidney injury.
Screen patients for acute kidney injury and other conditions
that may reduce renal function. For patients at risk for chron-
ically reduced renal function (e.g. age >60 years, hyperten-
sion, diabetes), estimate the glomerular filtration rate (GFR)
through laboratory testing.
For patients at highest risk for NSF, do not exceed the recom-
mended Vueway dose and allow a sufficient period of time
for elimination of the drug from the body prior to any re-ad-
ministration [see Warnings and Precautions (5.1) in the full
Prescribing Information].

INDICATIONS AND USAGE

Vueway™ (gadopiclenol) is a gadolinium-based contrast agent indicated in

adult and pediatric patients aged 2 years and older for use with magnetic

resonance imaging (MRI) to detect and visualize lesions with abnormal vas-
cularity in:

o the central nervous system (brain, spine, and associated tissues),

o the body (head and neck, thorax, abdomen, pelvis, and musculoskeletal
system).

CONTRAINDICATIONS
Vueway is contraindicated in patients with history of hypersensitivity reactions
to gadopiclenol.
WARNINGS AND PRECAUTIONS
Nephrogenic Systemic Fibrosis Gadolinium-based contrast agents (GBCAs)
increase the risk for nephrogenic systemic fibrosis (NSF) among patients with
impaired elimination of the drugs. Avoid use of GBCAs among these patients
unless the diagnostic information is essential and not available with non-con-
trast MRI or other modalities. The GBCA-associated NSF risk appears highest
for patients with chronic, severe kidney disease (GFR <30 mL/min/1.73 m?
as well as patients with acute kidney injury. The risk appears lower for pa-
tients with chronic, moderate kidney disease (GFR 30-59 mL/min/1.73 m?)
and little, if any, for patients with chronic, mild kidney disease (GFR 60-89 mL/
min/1.73 m?). NSF may result in fatal or debilitating fibrosis affecting the skin,
muscle, and internal organs. Report any diagnosis of NSF following Vueway
administration to Bracco Diagnostics Inc. (1-800-257-5181) or FDA (1-800-
FDA-1088 or www.fda.gov/medwatch).
Screen patients for acute kidney injury and other conditions that may reduce
renal function. Features of acute kidney injury consist of rapid (over hours to
days) and usually reversible decrease in kidney function, commonly in the set-
ting of surgery, severe infection, injury or drug-induced kidney toxicity. Serum
creatinine levels and estimated GFR may not reliably assess renal function in
the setting of acute kidney injury. For patients at risk for chronically reduced
renal function (e.g., age >80 years, diabetes mellitus or chronic hypertension),
estimate the GFR through laboratory testing.

Among the factors that may increase the risk for NSF are repeated or higher

than recommended doses of a GBCA and the degree of renal impairment at

the time of exposure. Record the specific GBCA and the dose administered to

a patient. For patients at highest risk for NSF, do not exceed the recommended

Vueway dose and allow a sufficient period of time for elimination of the drug

prior to re-administration. For patients receiving hemodialysis, physicians may

consider the prompt initiation of hemodialysis following the administration of a

GBCA in order to enhance the contrast agent’s elimination [see Use in Specific

Populations (8.6) and Clinical Pharmacology (12.3) in the full Prescribing Infor-

mation]. The usefulness of hemodialysis in the prevention of NSF is unknown.

Hypersensitivity Reactions With GBCAs, serious hypersensitivity reactions

have occurred. In most cases, initial symptoms occurred within minutes of

GBCA administration and resolved with prompt emergency treatment.

 Before ueway administration, assess all patients for any history of a reaction
to contrast media, bronchial asthma and/or allergic disorders. These patients
may have an increased risk for a hypersensitivity reaction to Vueway.

* Vueway is contraindicated in patients with history of hypersensitivity re-
actions to Vueway [see Contraindications (4) in the full Prescribing Infor-
mation].

* Administer Vueway only in situations where trained personnel and therapies
are promptly available for the treatment of hypersensitivity reactions, includ-
ing personnel trained in resuscitation.

* During and following Vueway administration, observe patients for signs and
symptoms of hypersensitivity reactions.

Gadolinium Retention Gadolinium is retained for months or years in several

organs. The highest concentrations (nanomoles per gram of tissue) have been

identified in the bone, followed by other organs (e.g. brain, skin, kidney, liver,
and spleen). The duration of retention also varies by tissue and is longest in
bone. Linear GBCAs cause more retention than macrocyclic GBCAs. At equiv-
alent doses, gadolinium retention varies among the linear agents with gadodi-
amide causing greater retention than other linear agents such as gadoxetate
disodium, and gadobenate dimeglumine. Retention is lowest and similar

among the macrocyclic GBCAs such as gadoterate meglumine, gadobutrol,
gadoteridol, and gadopiclenol.

Consequences of gadolinium retention in the brain have not been established.
Pathologic and clinical consequences of GBCA administration and retention in
skin and other organs have been established in patients with impaired renal
function [see Warnings and Precautions (5.1) in the full Prescribing Informa-
tion]. There are rare reports of pathologic skin changes in patients with normal
renal function. Adverse events involving multiple organ systems have been
reported in patients with normal renal function without an established causal
link to gadolinium.

While clinical consequences of gadolinium retention have not been estab-
lished in patients with normal renal function, certain patients might be at
higher risk. These include patients requiring multiple lifetime doses, pregnant
and pediatric patients, and patients with inflammatory conditions. Consider
the retention characteristics of the agent when choosing a GBCA for these pa-
tients. Minimize repetitive GBCA imaging studies, particularly closely spaced
studies, when possible.

Acute Kidney Injury In patients with chronically reduced renal function, acute
kidney injury requiring dialysis has occurred with the use of GBCAs. The risk of
acute kidney injury may increase with increasing dose of the contrast agent.
Do not exceed the recommended dose.

Ex ion and Inj Site R Injection site reactions such
as injection site pain have been reported in the clinical studies with Vueway
[see Adverse Reactions (6.1) in the full Prescribing I jon]. Extr ion
during Vueway administration may result in tissue irritation [see Nonclinical
Toxicology (13.2) in the full Prescribing Information]. Ensure catheter and ve-
nous patency before the injection of Vueway.

Interference with Visualization of Lesions Visible with Non-Contrast MRI
As with any GBCA, Vueway may impair the visualization of lesions seen on
non-contrast MRI. Therefore, caution should be exercised when Vueway MRI
scans are interpreted without a companion non-contrast MRI scan.

ADVERSE REACTIONS

The following serious adverse reactions are discussed elsewhere in labeling:

* Nephrogenic Systemic Fibrosis [see Warnings and Precautions (5.7) in the
full Prescribing Information]

 Hypersensitivity Reactions [see Contraindications (4) and Warnings and Pre-
cautions (5.2) in the full Prescribing Information]

Clinical Trials Experience Because clinical trials are conducted under widely

varying conditions, adverse reaction rates observed in the clinical trials of a

drug cannot be directly compared to rates in the clinical trials of another drug

and may not reflect the rates observed in clinical practice.

The safety of Vueway was evaluated in 1,047 patients who received Vueway

at doses ranging from 0.025 mmol/kg (one half the recommended dose)

to 0.3 mmol/kg (six times the recommended dose). A total of 708 patients

received the recommended dose of 0.05 mmol/kg. Among patients who re-

ceived the recommended dose, the average age was 51 years (range 2 years

to 88 years) and 56% were female. The ethnic distribution was 79% White,

10% Asian, 7% American Indian or Alaska native, 2% Black, and 2% patients

of other or unspecified ethnic groups.

Overall, approximately 4.7% of subjects receiving the labeled dose reported

one or more adverse reactions.

Table 1 lists adverse reactions that occurred in >0.2% of patients who re-

ceived 0.05 mmol/kg Vueway.

TABLE 1. ADVERSE REACTIONS REPORTED IN >0.2% OF PATIENTS

RECEIVING VUEWAY IN CLINICAL TRIALS

Adverse Reaction Vueway 0.05 mmol/kg

(n=708) (%)

Injection site pain 0.7

Headache 0.7

Nausea 04

Injection site warmth 04

Injection site coldness 0.3

Dizziness 0.3

Local swelling 0.3

Adverse reactions that occurred with a frequency < 0.2% in patients who
received 0.05 mmol/kg Vueway included: maculopapular rash, vomiting,
worsened renal impairment, feeling hot, pyrexia, oral paresthesia, dysgeusia,
diarrhea, pruritus, allergic dermatitis, erythema, injection site paresthesia,
Cystatin C increase, and blood creatinine increase.

Adverse Reactions in Pediatric Patients

One study with a single dose of Vueway (0.05 mmol/kg) was conducted in 80
pediatric patients aged 2 years to 17 years, including 60 patients who under-
went a central nervous system (CNS) MRI and 20 patients who underwent a
body MRI. One adverse reaction (maculopapular rash of moderate severity) in
one patient (1.3%) was reported in the CNS cohort.

USE IN SPECIFIC POPULATIONS

Pregnancy Risk Summary There are no available data on Vueway use in
pregnant women to evaluate for a drug-associated risk of major birth de-
fects, miscarriage or other adverse maternal or fetal outcomes. GBCAs cross
the human placenta and result in fetal exposure and gadolinium retention.
The available human data on GBCA exposure during pregnancy and adverse
fetal outcomes are limited and inconclusive (see Data). In animal reproduc-
tion studies, there were no adverse developmental effects observed in rats
or rabbits with intravenous administration of Vueway during organogenesis
(see Data). Because of the potential risks of gadolinium to the fetus, use Vue-
way only if imaging is essential during pregnancy and cannot be delayed.
The estimated background risk of major birth defects and miscarriage for the
indicated population(s) are unknown. All pregnancies have a background risk
of birth defect, loss, or other adverse outcomes. In the U.S. general population,
the estimated background risk of major birth defects and miscarriage in clini-
cally recognized pregnancies is 2% to 4% and 15% to 20% respectively. Data
Human Data Contrast enhancement is visualized in the placenta and fetal
tissues after maternal GBCA administration. Cohort studies and case reports
on exposure to GBCAs during pregnancy have not reported a clear association
between GBCAs and adverse effects in the exposed neonates. However, a
retrospective cohort study comparing pregnant women who had a GBCA MRI
to pregnant women who did not have an MRI reported a higher occurrence of
stillbirths and neonatal deaths in the group receiving GBCA MRI. Limitations
of this study include a lack of comparison with non-contrast MRI and lack of
information about the maternal indication for MRI. Overall, these data preclude

a reliable evaluation of the potential risk of adverse fetal outcomes with the
use of GBCAs in pregnancy.

Animal Data Gadolinium Retention: GBCAs administered to pregnant non-hu-
man primates (0.1 mmol/kg on gestational days 85 and 135) result in mea-
surable gadolinium concentration in the offspring in bone, brain, skin, liver,
kidney, and spleen for at least 7 months. GBCAs administered to pregnant
mice (2 mmol/kg daily on gestational days 16 through 19) result in measur-
able gadolinium concentrations in the pups in bone, brain, kidney, liver, blood,
muscle, and spleen at one-month postnatal age.

Reproductive Toxicology: Animal reproduction studies conducted with gadop-
iclenol showed some signs of maternal toxicity in rats at 10 mmol/kg and
rabbits at 5 mmol/kg (corresponding to 52 times and 57 times the recom-
mended human dose, respectively). This maternal toxicity was characterized
in both species by swelling, decreased activity, and lower gestation weight
gain and food consumption.

No effect on embryo-fetal development was observed in rats at 10 mmol/
kg (corresponding to 52 times the recommended human dose). In rabbits, a
lower mean fetal body weight was observed at 5 mmol/kg (corresponding to
57 times the recommended human dose) and this was attributed as a conse-
quence of the lower gestation weight gain.

Lactation Risk Summary There are no data on the presence of gadopicle-
nol in human milk, the effects on the breastfed infant, or the effects on milk
production. However, published lactation data on other GBCAs indicate that
0.01% to 0.04% of the maternal gadolinium dose is excreted in breast milk.
Additionally, there is limited GBCA gastrointestinal absorption in the breast-fed
infant. Gadopiclenol is present in rat milk. When a drug is present in animal
milk, it is likely that the drug will be present in human milk (see Data). The
developmental and health benefits of breastfeeding should be considered
along with the mother’s clinical need for Vueway and any potential adverse
effects on the breastfed infant from Vueway or from the underlying mater-
nal condition. Data In lactating rats receiving single intravenous injection of
["%*Gd]-gadopiclenol, 0.3% and 0.2% of the total administered radioactivity
was transferred to the pups via maternal milk at 6 hours and 24 hours after
administration, respectively. Furthermore, in nursing rat pups, oral absorption
of gadopiclenol was 3.6%.

Pediatric Use The safety and effectiveness of Vueway for use with MRI to
detect and visualize lesions with abnormal vascularity in the CNS (brain, spine,
and associated tissues), and the body (head and neck, thorax, abdomen, pel-
vis, and musculoskeletal system) have been established in pediatric patients
aged 2 years and older.

Use of Vueway in this age group is supported by evidence from adequate
and well-controlled studies in adults with additional pharmacokinetic and
safety data from an open-label, uncontrolled, multicenter, single dose study
of Vueway (0.05 mmol/kg) in 80 pediatric patients aged 2 to 17 years. The 80
patients consisted of 60 patients who underwent a CNS MRI and 20 patients
who underwent a body MRI [see Adverse Reactions (6.1) and Clinical Pharma-
cology (12.3) in the full Prescribing Information].

The safety and effectiveness of Vueway have not been established in pediatric
patients younger than 2 years of age.

Geriatric Use Of the total number of Vueway-treated patients in clinical stud-
ies, 270 (26%) patients were 65 years of age and over, while 62 (6%) patients
were 75 years of age and over. No overall differences in safety or efficacy were
observed between these subjects and younger subjects.

This drug is known to be substantially excreted by the kidney, and the risk of
adverse reactions to this drug may be greater in patients with impaired renal
function. Because elderly patients are more likely to have decreased renal
function, it may be useful to monitor renal function.

Renal Impairment In patients with renal impairment, the exposure of gadopi-
clenol is increased compared to patients with normal renal function. This may
increase the risk of adverse reactions such as nephrogenic systemic fibrosis
(NSF). Avoid use of GBCAs among these patients unless the diagnostic infor-
mation is essential and not available with non-contrast MRI or other modali-
ties. No dose adjustment of Vueway is recommended for patients with renal
impairment. Vueway can be removed from the body by hemodialysis [see
Warnings and Precautions (5.1, 5.3, 5.4) and Clinical Pharmacology (12.3) in
the full Prescribing Information].

OVERDOSAGE

Among subjects who received a single 0.3 mmol/kg intravenous dose of
gadopiclenol (6 times the recommended dose of Vueway), headache and nau-
sea were the most frequently reported adverse reactions. Gadopiclenol can be
removed from the body by hemodialysis [see Clinical Pharmacology (12.3) in
the full Prescribing Information].

PATIENT COUNSELING INFORMATION Advise the patient to read the FDA-ap-
proved patient labeling (Medication Guide).

Nephrogenic Systemic Fibrosis Inform the patient that Vueway may in-
crease the risk for NSF among patients with impaired elimination of the drugs
and that NSF may result in fatal or debilitating fibrosis affecting the skin, mus-
cle and internal organs.

Instruct the patients to contact their physician if they develop signs or symp-
toms of NSF following Vueway administration, such as burning, itching, swell-
ing, scaling, hardening and tightening of the skin; red or dark patches on the
skin; stiffness in joints with trouble moving, bending or straightening the arms,
hands, legs or feet; pain in the hip bones or ribs; or muscle weakness [see
Warnings and Precautions (5.1) in the full Prescribing Information].
Gadolinium Retention Advise patients that gadolinium is retained for months
or years in brain, bone, skin, and other organs following Vueway administra-
tion even in patients with normal renal function. The clinical consequences of
retention are unknown. Retention depends on multiple factors and is great-
er following administration of linear GBCAs than following administration of
macrocyclic GBCAs [see Warnings and Precautions (5.3) in the full Prescribing
Information].

Injection Site Reactions Inform the patient that Vueway may cause reactions
along the venous injection site, such as mild and transient burning or pain or
feeling of warmth or coldness at the injection site /see Warnings and Precau-
tions (5.5) in the full Prescribing Information].

Pregnancy Advise pregnant women of the potential risk of fetal exposure to
Vueway [see Use in Specific Populations (8.1) in the full Prescribing Information].

Rx only

US Patent No. 10,973,934

Manufactured for Bracco Diagnostics Inc. by Liebel-Flarsheim Company LLC
- Raleigh, NC, USA 27616.

Toll Free: 1-877-272-2269 (U.S. only)
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EDITORIAL

New Year, New Section

Erin Simon Schwartz, MD

At the risk of repeating myself,' I am excited to introduce another new section of the Editorial
Advisory Board of Applied Radiology called, “Global Radiology.” This section will be under the
direction of Associate Editor Pradnya Mhatre, MD, MRMD (MRSC), who is transitioning from
our Advocacy/Governmental Affairs section. Dr Mhatre is an assistant professor of Radiology and
Imaging Sciences at the Emory University School of Medicine, as well as the Program Manager of
Radiology Safety/Quality Assurance for RAD-AID International. Dr Mhatre has skillfully developed
and led the Global Health Imaging department, and we are thrilled to have a new board section
dedicated to medical imaging issues of worldwide relevance.

Joining Dr Mhatre in this section is Reed Omary, MD, MS, the Carol D. and Henry P. Pender-
grass Professor of Radiology & Radiological Sciences and a professor of Biomedical Engineering at
the Vanderbilt University Medical Center. Dr Omary also recently stepped away from his longtime
position as the institution’s chair of radiology (2012-2023) to undertake a year-long sabbatical fo-
cusing on climate change and sustainability. Dr Omary intends to bring an environmental impact
perspective to our global section.

Yet another new Associate Editor, K. Elizabeth Hawk, MS, MD, PhD, will lead our newly re-
named Nuclear and Molecular Imaging section. By replacing the section’s previous name, Nuclear
Medicine, we believe the section will more accurately reflect the nature of this important and
rapidly evolving field.

Please also join me in thanking Blake Johnson, MD, as he transitions off the editorial advisory
board. Dr. Johnson was the longest-serving member of our Neuroradiology section, and we will
miss his lively participation in our editorial board meetings.

And we're still not finished. Our Radiological Cases, Body Imaging, Emergency Imaging, Muscu-
loskeletal Imaging, and Neuroradiology sections would all be well served by more members eager
to share their expertise with readers of Applied Radiology. If you're interested, please don't hesitate
to send me your CV!

Reference
1) Schwartz ES. Call for service. Appl Radiol. 2023; 52(1):6.

©Anderson Publishing, Ltd. All rights reserved. Reproduction in whole or part without express written permission is strictly prohibited.
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1) introduce breast cancer risk
assessment models for estimating

an individual’s risk of developing
breast cancer or risk for carrying a
gene mutation that may predispose to
developing breast cancer, 2) review
the strengths and limitations of each
model and the model’s applicability to
underrepresented populations, and 3)
provide an example that demonstrates
the use of risk assessment models.
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In 2023, an estimated 298,000
women in the United States were
diagnosed with breast cancer.! Inci-
dence rates for breast cancer have
been increasing by approximately
0.5% per year since the mid-2000s.2
Significant racial disparities in breast
cancer mortality exist, with mor-
tality rates in Black women being
approximately 40% higher than those
for White women, despite similar
incidence rates.! Disparities are also
prominent among young women.
When comparing Black women age
<50 years to White women in the
same age group, mortality rates were
1.9-2.6 times higher in Black women
versus 1.1-1.2 times higher in the
groups aged >70 years.®

Identifying a diverse population of
young women at high risk for breast
cancer with dedicated risk assess-
ment models can help to address
these existing disparities in mortali-
ty. Clinicians perform breast cancer
risk assessment by asking a series of

questions about such characteristics
as family and breast health history
and inputting the answers into an
electronic tool, which calculates a
woman’s risk for breast cancer. Wom-
en identified as being at high risk
(lifetime risk >20%) can be offered
guideline-based early screening
mammography and supplemental
screening with MRI. This early or
supplemental screening in high-risk
women can identify cancers at earli-
er stages, prevent delays in diagno-
sis, and initiate earlier treatment.
Ultimately, identification of a diverse
population of young, high-risk
women has the potential to improve
mortality and address existing breast
cancer disparities.

While numerous risk assess-
ment models have been developed
to identify women at high risk for
developing breast cancer, these
models remain underutilized in the
clinical setting. The purpose of this
activity is to
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1) introduce breast cancer risk
assessment models for estimating
an individual’s risk of developing
breast cancer or risk for carrying a
gene mutation that may predis-
pose to developing breast cancer,

2) review the strengths and lim-
itations of each model and the
model’s applicability to under-
represented populations, and

3) provide a case study that
demonstrates the use of
risk assessment models.

Risk Factors for Breast Cancer

Many risk factors can increase an
individual’s likelihood of developing
breast cancer (Figure 1).* Nonmodi-
fiable risk factors include increasing
age, being born female, personal
or family history of breast cancer,
and inherited genetic changes in
breast cancer susceptibility genes.*
Hormonal and reproductive risk fac-
tors include long menstrual history
and having children later in life.*
Breastfeeding for at least one year
can serve as a protective factor and
decrease risk.* Potentially modifi-
able risk factors include excess body
weight, menopausal hormone ther-
apy, physical inactivity, and excess
alcohol consumption.* Medical risk
factors include high breast tissue
density and history of radiation to
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Figure 1. Breast cancer risk factors include personal characteristics, hormonal/reproductive factors, personal breast history, family history.

the chest.* Additional factors that
can increase risk include history

of breast biopsies and diagnosis of
atypical hyperplasia or lobular carci-
noma in situ (LCIS).*

Screening Guidelines Based on
Calculated Lifetime Risk

The American College of Radiology
(ACR) and Society of Breast Imaging
(SBI) recommend risk assessment no
later than age 25.° For those at average
risk, annual screening with mam-
mography is recommended starting
at age 40. If a patient is found to have
a lifetime risk >20%, ACR guidelines
recommend annual screening begin-
ning at age 30 and annual breast MRI
beginning at age 25-30. More specific
guidelines are available for women
with other factors that may increase
personal risk for breast cancer (eg,
history of chest radiation therapy;
genetics-based increased risk; per-
sonal histories of breast cancer and
dense breast tissue; family history of
breast cancer at a young age; personal
history of atypical ductal hyperpla-
sia (ADH), atypical lobular hyper-
plasia, or LCIS).

National Comprehensive Cancer
Network (NCCN) guidelines also
recommend screening mammography
for high-risk women at younger ages
and supplemental screening with con-
trast-enhanced breast MRI.®’ Specifi-
cally, patients with a lifetime risk >20%
should receive an annual screening
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mammogram beginning either at age
40 or 10 years prior to when the young-
est family member was diagnosed
with the disease, but not prior to age 30
(whichever comes first). Tomosynthe-
sis is recommended. Additionally, pa-
tient with a lifetime risk >20% should
either undergo annual breast MRI
beginning at age 40 or 10 years prior

to when the youngest family member
was diagnosed with breast cancer, but
not prior to age 25 (whichever comes
first). If a patient cannot undergo MRI,
then contrast-enhanced mammogra-
phy or whole breast ultrasound should
be considered. Additional guidelines
are available for women with other
high-risk factors (eg, those with thorac-
ic radiation between ages 10 and 30,
increased 5-year risk of invasive breast
cancer, ADH and >20% lifetime risk,
lobular neoplasia and >20% lifetime
risk, or pedigree suggestive of genetic
predisposition).

Overview of Risk
Assessment Models

Gail Model

The Gail model is one of the earliest
models of breast cancer risk assess-
ment, first published in 1989.8 The
data was derived from 243,221 White
women in the Breast Cancer Detec-
tion Demonstration Project (BCDDP),
a screening program conducted
between 1973 and 1980 in the United
States.’ This model was modified in

1992 by the National Surgical Adjuvant
Breast and Bowel Project (NSABP) to
estimate the absolute risk of devel-
oping only invasive breast cancer.!
Researchers have made additional
updates to the model to provide more
accurate estimates for Black women,
Asian and Pacific Islander women,
and Hispanic women. The modified
model is used in the National Cancer
Institute’s (NCI) Breast Cancer Risk
Assessment Tool. It estimates a
patient’s 5-year and lifetime risk of
developing invasive breast cancer
and is available at https://bcrisktool.
cancer.gov/.!

Factors included in the Gail model
are age, race/ethnicity, age at
menarche, age at first live birth,
number of previous breast biopsies,
presence of atypical hyperplasia on
biopsy, and number of affected
first-degree relatives.

While easily accessible, well-
calibrated to provide moderate
discriminatory accuracy in studies
of predominantly White women, and
updated to provide more accurate
estimates among different popula-
tions, the Gail model may underes-
timate risk in certain populations,
such as Black women with previous
biopsies and Hispanic women born
outside the United States.'*'” Addition-
ally, owing to a lack of data, the model
may be inaccurate among Native
American and Alaskan Native women.

The Gail model has additional
weaknesses that should be considered.

Applied Radiology 9
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For example, it does not account for
family history of breast cancer be-
yond affected first-degree relatives,
thereby excluding paternal family
history. For this reason, the NCCN
guidelines do not list it as a model
that should be used to identify can-
didates for supplemental screening
with breast MRI. Instead, a patient
found to have a 5-year risk of inva-
sive breast cancer >1.7% in indi-
viduals age >35 per the Gail model
should receive an annual screening
mammogram (to begin when identi-
fied as being at increased risk), with
tomosynthesis if available.
Furthermore, the Gail model does
not include the age at onset of breast
cancer among relatives or family his-
tory of other cancers. The model also
does not consider variables such as
mammographic density and should not
be used in women under the age of 35.
Additionally, the Gail model should not
be used in women with known BRCA1/
BRCA2 mutations, those with a previ-
ous history of breast cancer, those with
prior treatment of Hodgkin lymphoma
with radiation to the chest, or those
with breast cancer-causing syndromes,
including Li-Fraumeni syndrome.

International Breast Cancer
Intervention Study [IBIS]/Tyrer-
Cuzick (version 8)

The Tyrer-Cuzick model, also
known as the IBIS model, was de-
veloped by scientists at the Wolfson
Institute of Preventive Medicine,
Queen Mary University of Lon-
don.'®* The Tyrer-Cuzick model was
developed using data on first breast
cancer diagnoses among women in
the United Kingdom (Thames Cancer
Registry) between 2005-2009. Familial
risk is based on data from a Swedish
population-based study.” The latest
version of the model (version 8) incor-
porates additional risk factors such as
breast density and single nucleotide
polymorphisms (SNPs). The model
estimates an individual’s 10-year and
lifetime risk for developing breast
cancer, as well as the likelihood of

Applied Radiology
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Table 1: Summary of Risk Assessment Models (selected factors)

GAIL TYRER-CUZICK BCSC BRCAPRO CANRISK

Personal characteristics

Age X X X X X
Race/ethnicity X X X

Body mass index X X
Alcohol intake X
Hormonal/reproductive

Age at menarche X X X
Age at first live birth X X X
Age at menopause X X
Hormone replacement X X
therapy use

Oral contraceptive use X
Personal breast history

Prior breast biopsies X X X

Atypical hyperplasia X X X

Lobular carcinoma in situ X X

Breast density X X X
Family history

Number of affected first- X X X X X
degree relatives

Number of affected second- X X X
degree relatives

Number of affected third- X X
degree relatives

Age of onset of breast X X X
cancer

Bilateral breast cancer X X X
Ovarian cancer X X X
Male breast cancer X X X

carrying a BRCAI or BRCAZ2 gene. It
is available at https://ibis.ikonope-
dia.com/ and https://ems-trials.org/
riskevaluator/.?*

Factors included in the Tyrer-Cuz-
ick model are age, body mass index,
reproductive history (age at menarche,
age at first live birth, age at meno-
pause), exogenous hormone expo-
sure (hormone replacement therapy
duration), results of previous breast
biopsy (hyperplasia, presence of LCIS
or atypical hyperplasia), breast densi-
ty, family history (number and age of
onset of first, second, or third-degree
relatives with breast cancer, ovarian

cancer diagnoses, male breast cancer
diagnoses, unaffected relatives),
Ashkenazi Jewish origin, and previous
genetic test results (BRCAI/2).
External validation studies for the
current version of the Tyrer-Cuzick
model are ongoing. The Tyrer-Cuzick
model has been found to be well-cali-
brated overall in non-Hispanic White
women and Black women, with
good calibration for Asian/Pacific
Islanders and Native Americans,
although sample sizes were small.?
The model may overestimate risk
for Hispanic women.? The addi-
tion of mammographic density was

January / February 2024



found to increase the discriminatory
accuracy of the model.” One study
suggests the Tyrer-Cuzick model may
overestimate risk for women at the
highest-risk decile.*

A major strength of the Tyrer-Cuzick
model is that it includes a diverse range
of risk factors, including breast density
and a comprehensive family history.
Like the Gail model, it is easily accessi-
ble online and has undergone periodic
updates to incorporate additional data
on breast cancer incidence. Unlike the
Gail model, the Tyrer-Cuzick model
can be used in women ages <35 years
and can calculate the risk for BRCAI or
BRCA2 mutations.

The Tyrer-Cuzick model should
not be used to assess risk in women
who have already been diagnosed
with breast cancer and may overes-
timate risk in women with atypical
hyperplasia and LCIS.*?*

The Breast Cancer Surveillance
Consortium (BCSC) Risk
Calculator version 2.0

The BCSC Risk Calculator model
was developed in 2008 using data
from 1,095,484 women in seven
mammography registries participat-
ing in the NCI-funded BCSC in the
United States.” The study included
women ages >35 with at least 1 mam-
mogram with breast density mea-
sured using the Breast Imaging Re-
porting and Data System (BI-RADS)
classification system. The model was
updated in 2015 (version 2) to include
benign breast diagnoses.?® The BCSC
Risk Calculator estimates a patient’s
5- and 10-year risk of developing in-
vasive breast cancer and is available
at: https://tools.bcsc-scc.org/BC5ye-
arRisk/calculator.htm.?

Factors included in the BCSC Risk
Calculator are age, race/ethnicity,
history of first-degree relatives with
breast cancer (yes/no), history of
a breast biopsy with benign breast
disease diagnoses if known, and BI-
RADS breast density.

The original model was externally
validated among patients in the Mayo
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Mammography Health Study (MMHS)
cohort.* Version 2 of the model was
validated in a cohort of women in
Chicago and was well-calibrated but
found to underestimate risk in young-
er women, Hispanic and non-His-
panic Black women, and those with
almost entirely fat breast density.?®
The major strengths of the BCSC
Risk Calculator are that it incorporates
BI-RADS breast density and is easily
accessible. This model cannot be used
in women with a previous diagnosis
of breast cancer or DCIS, prior breast
augmentation, prior mastectomy, or
those aged <35 or >74. Additionally, it
does not account for a family histo-
ry of breast cancer beyond affected
first-degree relatives, thereby exclud-
ing paternal family history.

BRCAPRO

The BRCAPRO model was devel-
oped in 1997 based on estimates of
BRCAI mutation frequencies in the
general population and age-specific
incidence rates of breast and ovarian
cancers in carriers and noncarriers
of mutations.® It was expanded in
1998 to include BRCA2.%2 The model
uses Mendelian genetics and Bayes’
theorem to calculate a patient’s
likelihood of carrying a germline
mutation in the BRCAI or BRCA2
genes, developing invasive breast
cancet, or developing contralateral
breast cancer. Access to the model
can be requested at https://projects.
iq.harvard.edu/bayesmendel/bayes-
mendel-r-package.®

Factors included in the BRCA-
PRO model are age, race/ethnicity,
number/age at onset of first or
second-degree relatives with breast
cancer, family history of bilateral
breast cancer or male breast cancer,
personal or family history of ovarian
cancet, and Ashkenazi Jewish origin.

Validation studies demonstrate
variation in the performance of the
BRCAPRO model with some studies
demonstrating appropriate perfor-
mance and other studies finding the
model to underpredict risk.>*

Like the Tyrer-Cuzick and the
CanRisk models, one of the strengths
of the BRCAPRO model is its ability
to assess the likelihood of carrying a
BRCA1 and/or BRCA2 gene mutation.
The model also considers informa-
tion about unaffected relatives and is
routinely updated.

The BRCAPRO model does not
include non-hereditary risk factors,
such as age at menarche, age at first
live birth, age at menopause, or spe-
cific results of prior breast biopsies.
It also excludes family history of
third-degree relatives.

Additionally, this model may un-
derestimate risk in patients without
BRCA gene mutations, as well as in
families with prostate or ovarian
cancer.* The model is not immedi-
ately accessible; however, it can be
requested through an online form.

CanRisk (BOADICEA v5)

The Breast and Ovarian Analysis of
Disease Incidence and Carrier Esti-
mation Algorithm (BOADICEA) model
calculates the probabilities of carrying
rare loss-of-function variants in several
breast or ovarian cancer susceptibility
genes in addition to estimating the
risk of developing breast and ovarian
cancer.”* It has undergone numer-
ous updates since its development in
2002 and incorporates the effects of
common genetic variants (summa-
rized as polygenic risk scores, PRS),
pathogenic variants in other genes,
mammographic density, and addition-
al risk factors. The latest version of
the model (v6) is available to use via a
web tool called CanRisk (https://www.
canrisk.orgy/).3738:40-4

Factors included in the CanRisk
Tool for breast cancer risk esti-
mation are age, body mass index,
height, daily alcohol intake, age at
menarche, age at first live birth, use
of menopause hormone therapy,
use or oral contraception, parity,
mammographic density, family and
personal-proband history of breast,
ovarian, and pancreatic cancer, rare
pathogenic variants in moderate and
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high-risk susceptibility genes, age
information on unaffected family
members, information on year of
birth to capture birth cohort, Ash-
kenazi Jewish origin, and common
cancer genetic susceptibility variants
(Polygenic Risk Scores).*

The model has been validated in
several studies, largely consisting of
women of European ancestry, and
has been found to be well-calibrat-
ed.*** However, it may not be as
reliable in populations at lower risk
for breast cancer or those of non-Eu-
ropean ancestry.*

Like the Tyrer-Cuzick model, the
CanRisk Tool includes a diverse
range of risk factors, including
comprehensive family history. Addi-
tionally, this is the only model that
includes lifestyle risk factors such as
alcohol consumption. The model is
easily accessible online but requires
the user to create an account for
access. Unlike other models, it can
be used in patients with a previous
diagnosis of breast cancer.

The CanRisk tool should not be
used in patients with personal his-
tory ductal carcinoma in situ (DCIS).
Additionally, it will underestimate
risk in those with Ataxia-Telangiecta-
sia or homozygous carriers of patho-
genic CHEK2 pathogenic truncating
variants and should not be used in
these patients. The CanRisk tool does
not incorporate information on prior
breast biopsies (number or result).

Next Top Model: An Overview of Breast Cancer Risk Assessment Models

Figure 2. A pedigree for case study 1 shows that the patient’s mother and sister were

diagnosed with breast cancer.

Father
70y 1953 66y 1963
breast ¢a.: 50
Patient
47y 1976 / 37y 1986
breast ca: 44

16y 2008

Table 1 provides a summary of
the factors included in several risk
assessment models.

Case Study

A 37-year-old White female wishes
to know her lifetime risk for de-
veloping breast cancer. She has no
significant medical history and is not
Ashkenazi Jewish. She has never been
tested for genetic mutations, had a
mammogram, or had a breast biopsy.
Menarche was at age 14, and she is
premenopausal. She had a daughter
at the age of 22, who is currently 15
and healthy. The patient’s mother
(diagnosed at age 50, deceased age 65)
and sister (diagnosed at age 44, alive

(currently 47) had unilateral breast
cancer (Figure 2). Her father is living,
age 70, and healthy. There is no family
history of ovarian cancer. Genetic test-
ing for the patient’s relatives has never
been performed. She is 5 foot 4 inches,
weighs 150 pounds, and does not drink
alcohol. She has never used hormone
replacement therapy or oral contracep-
tives. She has never had an SNP array/
PRS calculated.

What is the patient’s lifetime risk
for developing breast cancer? What
are the appropriate breast cancer
screening recommendations?

Risk Model Assessment

The Tyrer-Cuzick and CanRisk
models calculate the patient’s lifetime

Figure 3. Lifetime breast cancer risk as calculated by the Tyrer-Cuzick (21.1%), BRCAPRO (13.0%), and CanRisk (22.3%) models for

case study 1.

21.1%

13.0%

22.3%
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Tyrer-Cuzick

BRCAPRO

CanRisk

Considered age, BMI, age at menarche, age at first live birth, number of affected
first and second-degree relatives with breast cancer, age of onset of breast cancer
Did not consider race

Considered age, race, number of affected first and second-degree relatives with
breast cancer, age of onset of breast cancer

Did not consider BMI, age at menarche, age at first live birth

Considered age, BMI, age at menarche, age at first live birth, number of affected
first and second-degree relatives with breast cancer, age of onset of breast cancer
Did not consider race

January / February 2024




CME

Next Top Model: An Overview of Breast Cancer Risk Assessment Models REVIEW

Figure 4. Bilateral craniocaudal (A) and mediolateral oblique screening mammogram (B) from the patient in the case study demonstrates heterogeneously
dense breast tissue with no focal abnormality. Bilateral axial MIP images (C,D) demonstrate focal, clumped non-mass enhancement in the left outer breast.
Bilateral axial postcontrast subtraction images (E,F) redemonstrate focal clumped non-mass enhancement with initial fast and delayed persistent kinetics in
the left outer breast. MRI biopsy of the focal, clumped non-mass enhancement was performed. Pathology demonstrated DCIS with microinvasive component.
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risk for breast cancer as >20%. The
BRCAPRO model calculates the pa-
tient’s lifetime risk for breast cancer
as <20%. Figure 3 depicts the risk
assessment values for each model and
the factors included in each model.

Based on the results of the
Tyrer-Cuzick and CanRisk models,
the patient is considered high risk.
Per NCCN guidelines, they should
consider screening mammography
and screening MRI 10 years prior to
the age of diagnosis of the youngest
first-degree relative, but not before
age 30. Because the patient’s sister
was diagnosed with breast cancer
at age 44, screening mammography
and screening MRI could have been
considered as early as age 34.

The patient pursued screening
mammography and MRI (Figure
4). The mammogram was normal,
with dense breast tissue. Screening
MRI demonstrated focal clumped
non-mass enhancement in the left
outer breast. MRI-guided biopsy was
performed and revealed DCIS with a
microinvasive component.

Conclusion

Numerous risk assessment models
are available to calculate a woman’s
lifetime risk of developing and/or
carrying a gene mutation that may
predispose her to developing breast
cancer. Knowledge of risk may
help to inform individual screening
practices. Risk assessment models
have different strengths and weak-
nesses that may increase or limit
use in certain populations. Further
understanding and evaluation of risk
assessment models are needed to
increase their utilization. Increased
breast cancer risk assessment among
diverse populations can identify
women who may be at high risk
for breast cancer. Guideline-based
breast cancer screening in these
populations serves as an opportuni-
ty to address known breast cancer
mortality disparities.
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Minimizing the Pain of Local
Anesthetic Injection

Matthew Henry, MD, MS; Youngchae Lee, MD; Daniel L. Kirkpatrick, MD

Minimizing pain is an import-
ant component of any procedure.
When poorly controlled, procedural
pain can be an important source
of patient dissatisfaction.! While
intravenous sedation decreases
patient pain and anxiety, adminis-
tering a local anesthetic is critical
to generate as little pain as possible.
While they are excellent at decreas-
ing pain, local anesthetics can cause
pain when infused. Patients are often
cautioned about the “stick and burn”
that accompanies injection. Howev-
er, when the injection is performed
properly, pain can be limited to the
initial needlestick and followed by
an otherwise pain-free procedure.>®
With the number of cases performed
in an average interventional radiol-
ogy (IR) practice daily, there are
many opportunities to refine local
anesthetic technique and improve
patient satisfaction.

Mechanism of Pain

Nociceptors are free nerve end-
ings that originate from peripheral

nerves and are sensitive to nox-
ious mechanical, temperature, or
chemical insults.>** There are two
types of nociceptive axons, A-delta
fibers and C-fibers.>** A-delta fibers
are myelinated fibers responsible
for communicating sharp, transient
pain. C-fibers are unmyelinated
and communicate dull pain. When
exposed to inflammatory signal-
ing molecules, the depolarization
threshold of peripheral nociceptors
is lowered. Pain signals are carried
to the dorsal horn of the spinal cord
and ascend centrally through the
spinothalamic and spinoreticulotha-
lamic tracts. The spinothalamic tract
communicates sharp pain, and the
spinoreticulothalamic tract commu-
nicates dull, poorly localized pain.
Pain from local anesthetic injec-
tion comes from two sources.? The
first is mechanical trauma from
needle insertion, which is carried
by A-delta fibers. The second is
from infiltration, which distends the
affected tissues and exposes noci-
ceptors to the acidic solution. This
component is carried by C-fibers.

Lidocaine

Lidocaine is near ubiquitous in
surgical and interventional suites,
owing to its excellent safety profile.®
This paper will focus on the use of
lidocaine, although the principles
translate to other local anesthetics.

When injected, lidocaine diffus-
es through the cell membrane and
blocks the voltage-gated sodium
channels in peripheral nociceptors.*?
Onset of analgesia is usually under
one minute and can last 2-5 hours.*"#
In adults, the maximum dose of
lidocaine is 4 mg/kg (total dose no
greater than 350 mg) and 7 mg/kg
(total dose no greater than 500 mg)
when combined with epinephrine.®’
In children, the maximum dose of
lidocaine is 2 mg/kg (total dose no
greater than 150 mg) and 4.5 mg/kg
(total dose no greater than 150 mg)
when combined with epinephrine.®

Procedural Preparation

Buffering with Sodium
Bicarbonate

The physiologic pH of the body is
slightly alkaline, ranging between

Affiliations: Department of Interventional Radiology, Medical College of Wisconsin, Milwaukee, Wisconsin (Dr
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7.35 and 7.45. In contrast, lidocaine
has a pH of 6.09 in the 1% formu-
lation and 6.00 in the 2% formula-
tion.’ With the addition of 1:100,000

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

16 Applied Radiology January / February 2024



Minimizing the Pain of Local Anesthetic Injection

Figure 1. Needle insertion for local anesthesia. On the left, proper technique is shown with the needle being inserted perpendicular to
the skin surface. On the right, suboptimal technique is demonstrated. Insertion at a shallower angle results in transgression of more
nerve fibers, leading to more pain with insertion.

45°

epinephrine, which will be discussed
elsewhere, the pH drops to 4.2,
which is about 1000 times more acid-
ic than physiologic pH.’ The acidic
nature of lidocaine is theorized to
be one source of pain with local
anesthesia.’ This can be addressed
by buffering lidocaine with sodium
bicarbonate to achieve a neutral pH.
At a physiologic pH, more molecules
of lidocaine diffuse through noci-
ceptive cell membranes resulting
in a faster onset of action.! Several
double-blind, randomized controlled
studies (RCT) have confirmed a sta-
tistically significant decrease in pain
when buffered lidocaine is used.'>?
The most widely reported buffering
technique is the addition of 1 mL of
8.4% sodium bicarbonate to 10 mL of
1% lidocaine with 1:100,000 epineph-
rine.’ The resulting 1:10 mixture has
a pH of 7.4. This cocktail is stable at
room temperature for at least one
week and has no risk of precipitation.’
The concentration of epinephrine can
be expected to fall by 25% per week,
although this can be obviated by cre-
ating the mixture at the beginning of
the day or prior to every case.”

January / February 2024

Addition of Epinephrine

Lidocaine most commonly comes
in 1% and 2% formulations, which
can be modified with the addition of
epinephrine. Classically, lidocaine
with epinephrine is used to reduce
procedural bleeding. Vasoconstric-
tion from the added epinephrine
is short lived but has the benefit of
blanching the skin, which can help
identify areas that have already been
anesthetized. In addition, vasocon-
striction reduces blood flow to the
treatment zone, increasing local drug
concentration.?Epinephrine also
results in faster onset of pain relief
and increases the duration of relief
up to 10 hours.

Warming to Body Temperature

The solubility of lidocaine
increases with rising temperature.'
Like buffering with bicarbonate,
more lidocaine diffusing across
nociceptive cell membranes results
in a faster onset of action.'>
Lidocaine can be warmed to 70° C
without affecting its efficacy.’ A
2017 RCT showed a statistically
significant decrease in pain with

warming.'” Pain relief with warming
is independent of the pain relief
from buffering to a neutral pH.* In
addition, buffering and warming
have a synergistic effect, and
provide the greatest relief when
combined.'®* Finally, warming
lidocaine has no detrimental effect
on the duration of analgesia.®

Use of Finer Needles

Higher-gauge needles require
less force to pierce the skin, contact
fewer nociceptors, and slow the
speed of injection. Several studies
have investigated the use of higher
gauge needles (23 to 32 gauge) and
found a linear decrease in pain
with increasing needle gauge.®*

As a result, 27-32-gauge needles
are recommended.

Maintaining needle sharpness is
also important for pain control. A
blunt needle requires more force to
pierce the skin, increases friction
as the needle passes through tissue,
and generates more pain.* Needle
sharpness can be maintained by
minimizing the number of needle
insertions, exchanging blunted
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Figure 2. Proper technique for anesthetizing the parietal pleura (R, rib in cross section;
P, parietal pleura). Note that local anesthetic should be infiltrated along the entire
needle course, including the densely innervated parietal pleura. Similar technique is
used to anesthetize the peritoneum for a paracentesis.

Figure 3. Proper technique for anesthetizing bone. The periosteum (P) is densely
innervated and can generate pain if not included in the local anesthetic field.

Applied Radiology

needles for new ones, and using
separate needles for drawing up and
injecting lidocaine.?>

Patient Preparation

Skin Preparation

Applying a eutectic mixture of
local anesthetics (EMLA) cream
can help reduce the pain of the
needle transgressing the skin. The
most common EMLA cream is a
topical oil and water emulsion of
2.5% prilocaine and 2.5% lido-
caine. Several studies have shown
a statistically significant decrease
in pain when the skin is pretreat-
ed with a topical anesthetic.>*
The primary limitations of EMLA
cream are the time to maximum
effect and the depth of penetra-
tion. EMLA requires at least 60
minutes to anesthetize to a depth
of 3 mm and up to 120 minutes to a
depth > 5 mm.?>%

An alternative to EMLA cream is
cooling the skin,?” usually with an
ice pack. This technique originated
in dentistry, as topical anesthetics
cannot be used on mucosal sur-
faces. Cooling is less efficacious
than topical anesthetics but has a
faster onset of action and is more
cost-effective.”

Management of Expectations
and Distraction

Anxiety plays a prominent role in
pain perception, and many patients
experience anxiety prior to proce-
dures.?®? Speaking with patients
and establishing a level of trust
can set the tone for the remainder
of the encounter. Distraction can
also help decrease pain. Engag-
ing the patient in conversation;
asking them to perform a task and/
or slowly exhale during injection;
nurse coaching; and hypnosis can
all decrease pain.* Finally, asking
the patient to look away from the in-
jection has been shown to decrease
pain perception.®
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Figure 4. Proper technique for anesthetizing the patient for a nephrostomy tube (blue)
exchange but can be generalized to any tube exchange. The entirety of the drain tract
should be anesthetized to minimize pain during the exchange.

Injection Technique

Gate Theory

When a nociceptor is activated,
the pain signal is transmitted to
first-order neurons at the synapse.
When pain is the only signal trans-
mitted, the strength of the signal is
maximized. However, when nearby
non-pain-signaling axons are also
activated, transmission of the pain
signal at the synapse is decreased.®
In simple terms, there is a limit to
the amount of pain that can be com-
municated at the synapse, and this
can be diluted by additional stim-
uli. In practice, application of light
touch, pressure, or vibration near
the site of injection can decrease
pain.®** An additional technique is
to spray a small amount of lidocaine
on the skin immediately prior to nee-
dle insertion. This simple technique
has shown a statistically significant
decrease in pain.®
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Needle Insertion

When the needle enters the skin,
it directly stimulates nociceptors,
which transmit sharp pain through
A-delta fibers. The needle should
be quickly inserted into the skin
perpendicular to the skin surface
(Figure 1). Theoretically, this mini-
mizes direct contact with nocicep-
tors. This technique has been shown
to decrease pain when compared to
inserting the needle at a 45-degree
angle.* Once inserted, care should
be taken to keep the needle as still
as possible, which will also decrease
pain.”” The number of needle sticks
should also be minimized.

Site and Rate of Injection

Once the needle is inserted, lido-
caine should be injected subcuta-
neously rather than intradermally.
Subcutaneous injection generates
less pain than intradermal injection
while achieving the same analgesic

effect.? A deeper injection also treats
the nerve roots supplying the dermis,
making intradermal injection unnec-
essary.” When a wider region must
be anesthetized, lidocaine should be
injected while advancing the needle
to anesthetize nociceptors prior to
needle traversal.

The rate of injection is also critical
in decreasing pain.>® Several studies
have demonstrated less pain with
slower versus faster injections.**
Determining how slowly to inject,
however, is difficult. The two studies
cited judged a slow injection as one
ranging between 2 and 4mL/min
and a fast injection ranging between
7.5 and 12 mL/min. In the authors’
experience, an injection rate of 2-4
mL/min is usually sufficient.

Physician Attention and Care

Finally, as lidocaine is infused,
the physician should closely watch
the patient for signs of pain, paying
special attention to the face. Subtle
signs such as wincing, pursing of
the lips, and clenching the jaw can
give immediate feedback that pain is
being generated. With time, practice,
and close attention to the patient,
physicians can refine their technique
and approach mastery of injection.

Anesthetic Use in
Interventional Radiology

Local anesthesia is used in almost
every procedure in IR, and these
preparation and techniques are suf-
ficient in many cases. However, they
may be modified in certain situations
to attain the best results. The most
important of these circumstances are
any interventions that transgress the
pleura, peritoneum, or periosteum,
and those that traverse a solid organ.

The parietal pleura and peritone-
um are well-innervated and trans-
gression with a needle will result in
sharp, well-localized pain. Special
care should be taken to anesthetize
these layers, otherwise the patient
will still feel sharp pain as the
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needle passes through (Figure 2). On
ultrasound, the pleural or peritoneal
linings appear as a thin, echogenic
layer. When lidocaine is infused
liberally in and around the lining,
the echogenic line will disappear.
The anesthetized area can then be
transgressed by the relevant device
without discomfort.

The periosteum is another
well-innervated structure that can
result in sharp, well-localized pain if
not properly anesthetized (Figure 3).
Infusing lidocaine into the subcutane-
ous tissues is not sufficient, and the
patient will still experience pain when
the needle pierces the periosteum.
Special care should be taken when
performing biopsies or any other
bony intervention to infuse lidocaine
within and over the periosteum.

The liver, spleen, and kidneys
are frequently involved in vascular
and extravascular interventions. A
2019 randomized controlled study
showed that subcostal approaches to
hepatic interventions are less painful
than intercostal approaches.* When
placing or exchanging a catheter
involving the liver or kidneys, the
entirety of the tract should be anes-
thetized, not just the subcutaneous
tissues (Figure 4).

Conclusion

Inadequate pain control is an
important source of patient dissat-
isfaction. However, using proper
technique to administer local anes-
thesia can measurably reduce pain.
Each patient represents an oppor-
tunity to improve and refine these
techniques. With time and close
attention to each patient, physicians
may approach the goal of a nearly
pain-free procedure.
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An Overview of Extracorporeal
Membrane Oxygenation
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Extracorporeal membrane oxygen-
ation (ECMO) is an advanced life sup-
port technique employed for severe
respiratory, cardiac, or combined
cardiopulmonary failure refractory to
conventional treatments.! The main
objective of ECMO is to oxygenate
systemic venous blood and remove
carbon dioxide while the failing lung
or heart are allowed to recover, or to
serve as a bridge to longer-term life
support therapies or transplantation.?

While traditionally viewed as a
rescue therapy, ECMO has seen a
notable surge in recent decades. Data
from the international registry of
the Extracorporeal Life Support Or-
ganization (ELSO) show that 16,803
ECMO procedures were conducted
across 557 healthcare institutions
worldwide in 2022.°

Complications related to ECMO
are identified in nearly half of pa-
tients.* The most common include

hemorrhage, thromboembolic
disease, renal failure, sepsis, and
vascular injury.*

Noninvasive imaging plays a
pivotal role in the assessment of
ECMO patients, serving as a critical
tool to detect complications or
malpositioning of ECMO cannulas.®
Consequently, an understanding
of normal and abnormal imaging
appearances is imperative. Fur-
thermore, an awareness of the
hemodynamic disturbances that
may arise with ECMO, necessitat-
ing specific considerations when
planning contrast-enhanced studies,
is essential for radiologists and
imaging technologists.® This article
reviews the fundamentals of ECMO,
explores the various cannulation
techniques, and provides practical
insights for the technical planning
of contrast-enhanced CT studies in
patients under ECMO support.
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Fundamental Concepts

A standard ECMO circuit consists
of several key components: an inflow
cannula that drains deoxygenated
venous blood from the body, a me-
chanical pump facilitating circula-
tion of blood within the system, a
membrane oxygenator that removes
carbon dioxide and replenishes oxy-
gen, a heat exchanger to warm blood
as it passes through the oxygenator,
and an outflow, or reinfusion, cannu-
la that returns the oxygenated blood
to circulation (Figure 1).”

There are two primary ECMO
configurations, differentiated by the
location and function of the return
cannula: Veno-venous (VV) and Ve-
no-arterial (VA) circuits. VV-ECMO is
designed to provide respiratory sup-
port without cardiac support, as the
oxygenated blood is reinfused to the
systemic venous circulation. There-
fore, this configuration relies on opti-
mal cardiac function and is used only
when cardiac output is adequate.

Conversely, VA-ECMO provides
cardiac and respiratory support,
bypassing the heart and lungs in a
fashion similar to conventional car-
diopulmonary bypass. In VA-ECMO,
the return cannula is placed in the
systemic arterial circulation, so the
external pump aids in circulating the
blood throughout the body.”*
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An Overview of Extracorporeal Membrane Oxygenation

Figure 1. Fundamentals of the ECMO circuit. Deoxygenated venous blood is drained from the body through a drainage cannula and circulated through
the ECMO machine by a mechanical pump. The blood is oxygenated, and carbon dioxide is removed by a membrane oxygenator connected to an
oxygen-air blender, conventionally referred to as a sweep gas. Oxygenated blood is then reinfused by an outflow cannula to the systemic arterial (VA-
ECMO) or venous (VV-ECMO) vascular system.
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Figure 2: Cannulation strategies for VV-ECMO. (A) Inferior vena cava-right atrium (IVC-RA). The drainage cannula should be placed within the IVC through a
femoral vein, and the reinfusion cannula in the superior cavoatrial junction or RA through the right internal jugular vein (IJV) (B) Femoral vein-femoral vein.
Both cannulas enter through different femoral veins. The drainage cannula is located within the IVC in a lower position than in the IVC-RA approach. The
reinfusion cannula should be located higher than the drainage cannula, at the level of the RA or cavoatrial junctions. (C) Single cannulation. A double lumen
bicaval cannula with three ports is inserted through the right IJV. The proximal and distal ports drain deoxygenated blood and should be located in the
superior and inferior vena cava, respectively. The mid port reinfuses oxygenated blood and should rest in the RA, aiming towards the tricuspid valve.
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Figure 3. IVC-RA approach in an adult with severe ARDS due to COVID-19. Frontal chest X-ray (A) and chest CT coronal reformat (B) show the reinfusion
cannula located at the level of superior cavoatrial junction (red arrows) and the drainage cannula within the inferior cavoatrial junction (blue arrows).
Drainage cannula side-ports are also noted (yellow arrowheads). Single cannulation VV-ECMO in an adult with influenza pneumonia, frontal chest X-ray
(C) and chest CT coronal reformat (D) depict a dual lumen bicaval cannula. The drainage ports are located within the superior SVC and inferior cavoatrial
junction (blue arrows), and the reinfusion port rests within the superior cavoatrial junction (red arrowheads). Extensive bilateral airspace and interstitial
opacities are seen in both patients.

24

There are various cannulation
alternatives for VV- and VA-ECMO;
these are indicated based on
availability and patient conditions
and lead to different imag-
ing appearances.’

Role of Imaging

Noninvasive imaging plays a pivotal
role in the assessment of cannula

Applied Radiology

positioning and timely detection of

complications.' Transthoracic or
transesophageal echocardiography
and fluoroscopy are usually used

for guidance during initial can-
nulation.>"* Chest and abdominal
radiography is useful following initial
placement to confirm adequate can-
nula positioning and reveal any un-
intended migration. Additionally, the
radiographs may depict early signs of

complications such as hemothorax
or pneumothorax.

Ultrasound is a portable and
readily available modality that may be
employed to monitor complications
such as insertion site hematomas,
deep vein thrombosis, or distal limb
hypoperfusion.

Computed tomography may be
required to evaluate suspected
complications that cannot be fully
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Figure 4. Cannulation strategies for veno-arterial ECMO. In central VA-ECMO (A), the drainage and reinfusion cannulas are positioned directly into

the RA and ascending aorta, respectively. Central VA-ECMO is typically initiated in the operating room for postcardiotomy patients who are unable to
be weaned off cardiopulmonary bypass. In peripheral VA-ECMO: The venous cannula may be placed within the SVC, RA, or IVC and may be inserted
through a femoral vein or, less frequently, the I1JV. The arterial cannula is most commonly inserted through a femoral vein contralateral to the drainage
cannula, terminating in the external or common iliac arteries, or within the distal abdominal aorta (B). Less frequently, the arterial cannula may be
inserted through the axillary, common carotid, innominate, or subclavian arteries towards the ascending aorta (C).
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Figure 5. Central VA-ECMO in an adult with severe myocarditis and ARDS. Frontal chest X-ray (A) and chest CT coronal reformat (B) show transthoracic
ECMO cannulas. The drainage cannula enters through the inferior SVC and terminates near the inferior cavoatrial junction (blue arrows). The arterial
cannula enters through the ascending aorta towards the proximal aortic arch (red arrows). There are bilateral interstitial and airspace inflammatory
opacities in both lungs.
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Figure 6. Peripheral VA-ECMO in an adult with dilated cardiomyopathy and cardiogenic shock. Abdominal CT scout view (A) and coronal reformats (B,
C) show the drainage cannula within the hepatic IVC (blue arrows) and the arterial cannula within the left external iliac artery (red arrows). The left
ventricle is severely dilated and shows multiple peripheral thrombi (arrowheads).
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evaluated by radiography or ultra-
sound. The modality’s high spatial
resolution allows for accurate
assessment of cannula positioning.
Additionally, administration of
intravenous contrast allows for
comprehensive evaluation of compli-
cations, including bleeding, vascular
injury, and thromboembolic disease.

Veno-Venous ECMO: Subtypes
and Normal Appearances

VV-ECMO may be considered
in patients with severe, acute, and
reversible respiratory failure that
is refractory to standard medical
management ** or those who require
a bridge to lung transplantation.”® A
complete list of indications may be
found in the latest ELSO guidelines.*
At present, the only absolute contra-
indication for initiating VV-ECMO is
an expected inability of the patient

Applied Radiology

to recover without a feasible plan for
decannulation.

VV-ECMO can be performed either
with two single-lumen cannulas or
with a single dual-lumen cannula
(Figure 2)."* When two single cannu-
las are used, they may be placed in
the following locations:

* Inferior Vena Cava - Right atrium
The drainage cannula should be
positioned within the IVC through
a femoral vein with the side ports
at the level of the hepatic veins, and
the reinfusion cannula should be
positioned in the superior cavoatrial
junction or right atrium through
the right IJV.>'»!* Direction of the
flow may be switched, but the
latter configuration is preferred.*!°
Correct positioning of the cannulas
is critical to prevent recirculation of
reinfused oxygenated blood into the
ECMO circuit before entering the

systemic circulation; however, there

is no standard distance that should
be maintained between the ports.!?!

* Femoral vein-Femoral vein. In
this approach, both cannulas enter
through different femoral veins.
The drainage cannula is located
within the IVC, usually lower than
with the IVC-RA approach. The re-
infusion cannula should be located
higher than the drainage cannula,
at the level of the right atrium or
cavoatrial junctions. This approach
poses a higher risk of oxygenated
blood recirculation, as both cannu-
las may be positioned closer togeth-
er, but the complexity of insertion
is lower, and it avoids the risk of
neck vessel cannulation injury.®*

Single cannulation is achieved by
inserting a double-lumen bicaval
cannula with three ports through
the right IJV. The proximal and distal
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Figure 7. Hemodynamics of peripheral VA-ECMO and dual circulation. During femoral arterial cannulation, the reinfused oxygenated blood takes a
non-physiological route towards the upper body, counter to the direction of blood propelled by the patient’s heart. This can lead to a phenomenon
termed “dual circulation,” in which the lower body receives adequate oxygenation while the upper body experiences hypoxemia (A). Contrast-enhanced
chest CT sagittal reformat (B) shows a watershed area at the distal ascending aorta, as the reinfused retrograde oxygenated blood competes with the
antegrade deoxygenated blood coming from the bypassed lungs (arrow).
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Figure 8. VA-ECMO in an adult with decompensated
heart failure. Frontal chest X-ray shows an inflow
cannula that has slightly migrated towards the RA
(blue arrow). A transeptal venting cannula courses
from the IVC towards the RA (yellow arrow).

January / February 2024 Applied Radiology 27



An Overview of Extracorporeal Membrane Oxygenation

Table 1: Strategies for optimizing contrast-enhanced CT during ECMO.

TYPE OF ECMO

AORTA CTA

HEAD & NECK CTA

PULMONARY ARTERY CTA

CARDIAC CHAMBERS

PORTAL-VENOUS PHASE

VA-ECMO

Central / Upper
body Peripheral
modifying ECMO flow.

Contrast should be administrated
through the oxygenator inlet without

Contrast should be
administrated through a
central venous line while

Femoral
Peripheral

In patients with
low cardiac
output, contrast
should be
injected through
the oxygenator flow.
inlet without

modifying ECMO

flow (retrograde

filling).

In patients

with preserved
cardiac function,
use of a central
venous line is
recommended
while reducing
ECMO flow.

Contrast should
be administrated
through a central
venous line while
reducing ECMO

reducing ECMO flow as
much as possible, in
order to avoid pulmonary
circulation bypass.

Contrast
administered through
the oxygenator

inlet. Aim for a
delayed equilibrium
phase as not all the
cardiac chambers
may opacify at the
first pass of contrast
bolus.

Administer contrast
through the oxygenator
inlet without modifying
ECMO flow.

VV-ECMO

IVC-RA

Contrast should be administered through the oxygenator inlet with a usual ECMO flow.

If a central venous line is required for injection, it is advisable to reduce ECMO flow to decrease recirculation of

intravenous contrast

VA-ECMO: Veno-arterial ECMO; VV-ECMO: Veno-venous ECMO; IVC-RA: Inferior vena cava-Right atrium; F-F: femoral vein-femoral vein. Based on references 40-43.

28

ports drain deoxygenated blood and
should be located in the superior and
inferior vena cava, respectively. The
mid port reinfuses oxygenated blood
from the ECMO circuit and should
rest in the RA, aiming towards the
tricuspid valve.”’®* While dual-lumen
VV-ECMO presents greater technical
challenges compared to double can-
nulation methods, it offers advantages
such as reduced recirculation rates
and reduced bleeding risk due to the
need for just a single vessel puncture.
This is largely because most of the
deoxygenated blood is drained from
the proximal part of the cannula at
the SVC (Figure 3).1%%

Veno-Arterial ECMO: Subtypes
and Normal Appearances

VA-ECMO has evolved as a salvage
strategy for patients with cardiogenic
shock or cardiac arrest unrespon-
sive to conventional treatments.?*
However, lack of clear evidence has
resulted in a low-level recommenda-
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tion and no clear society-endorsed
guidelines.?®? In individuals experi-
encing severe yet potentially revers-
ible cardiac injury like myocarditis,
post-cardiotomy shock, or myocardial
ischemia, VA-ECMO can serve as a
bridge to recovery. Alternatively, for
those with acute exacerbations of
chronic cardiac failure or extensive
myocardial infarction, VA-ECMO
might be employed as a bridge to
candidacy for a longer-term left
ventricular assist device or heart
transplantation.??

As in VV-ECMO, different circuit
configurations account for distinct
imaging appearances. The two main
approaches are central and periph-
eral cannulation (Figure 4).”” Central
VA-ECMO is typically initiated in the
operating room for post-cardioto-
my patients who cannot be weaned
off cardiopulmonary bypass. The
drainage and reinfusion cannulas are
generally positioned directly into the
RA and ascending aorta, respectively
(Figure 5).28 With this configuration,

the reinfused, oxygenated blood cir-
culates in an antegrade, physiological
direction. Owing to its invasive char-
acter, central VA-ECMO is primarily
used during surgery when a patient is
experiencing cardiogenic shock while
the chest is still open.”

Peripheral VA-ECMO is established
by cannulating a peripheral vein and
artery. A key advantage of peripheral
VA-ECMO is more rapid initiation;
this method can be implemented out-
side of the operating room and even
during ongoing chest compressions.®
The venous cannula may be strate-
gically placed within the SVC, RA, or
IVC with insertion through a femoral
vein or, less frequently, the IJV. * The
arterial cannula is most commonly
inserted through a femoral artery,
terminating in the external or com-
mon iliac arteries or within the distal
abdominal aorta (Figure 6).*! Though
this approach is faster and technically
less complex, the reinfused oxygen-
ated blood takes a nonphysiological
route towards the upper body, con-
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Figure 9. Contrast CT studies in ECMO patients. (A) Thoracic
aorta CT angiography of an adult connected to peripheral VA-
ECMO. Contrast was administered through a peripheral venous
line while decreasing ECMO flow. Coronal reformat shows
adequate opacification of the thoracic aorta (red arrow) and
poor opacification of the abdominal aorta (blue arrow) as there
is decreased antegrade flow secondary to cardiac failure. (B)
Coronal reformat of a CT pulmonary angiogram in an adult VV-
ECMO patient with respiratory failure resulting from influenza
pneumonia. There is sufficient opacification of the pulmonary
arterial vasculature. Contrast was administered through a

left peripheral venous line. ECMO flow was decreased during
acquisition to avoid recirculation, and no contrast was seen
entering the inflow cannula (blue arrow). (C) Coronal reformat
of a portal venous phase CT in a VV-ECMO patient. A peripheral
contrast injection was performed while maintaining ECMO
flow, followed by a delayed CT acquisition (90 seconds after
injection). There is adequate parenchymal and cardiac chamber
opacification.

trary to the natural direction of the body receives adequate oxygenation

antegrade cardiac output.® This can while the upper body experiences

lead to a phenomenon termed “dual
circulation,” also known as “Har-
lequin syndrome” or “North-South
syndrome.” In this scenario, the lower
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hypoxemia. The reinfused oxygenated
blood supplies the lower body and
then is drained by the IVC cannula. In
contrast, the upper body is supplied

mostly with desaturated blood from

the left ventricle, which then drains
to the SVC and circulates through the
failing lungs without passing through
the ECMO machine (Figure 7).%

Less frequently, the arterial cannula
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Figure 10. An adult connected to
VV-ECMO owing to severe COVID-19
presented an abrupt decrease

in hemoglobin. Chest, abdomen,
and pelvis CT scout views (A) and
coronal reformats (B) show a large,
right-pleural hematoma (yellow
arrowheads). There is also a large left
pneumothorax (green arrowheads).
The inflow (blue arrow) and outflow
(red arrow) cannulas are located
within the SVC and inferior cavoatrial
junction.

may be inserted through the axillary,
common carotid, innominate, or sub-
clavian arteries toward the ascending
aorta.* This approach provides a
more physiological anterograde flow
of deoxygenated blood, facilitates
ambulation, diminishes the risk of
limb ischemia, and may increase
cerebral oxygen saturation levels.
However, it is associated with an in-
creased risk of bleeding and requires
surgical placement.*

When VA-ECMO is used in the set-
ting of severe left ventricular dysfunc-
tion, left-heart, end-diastolic pressures
can increase significantly and cause
pulmonary congestion and edema.
Left-heart unloading or venting can
be achieved by various interventions,
including placement of a transeptal
cannula connected to the venous
ECMO circuit within the left atrium,*
which should not be misinterpreted
as an abnormally positioned cannu-
la (Figure 8). Additional temporary
devices such as a heart pump or an
intra-aortic balloon pump may be used
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in conjunction with VA-ECMO to help
further unload the left ventricle.’*

Contrast-enhanced Computed
Tomography

Several factors must be considered
to ensure the success of contrast-en-
hanced CT studies for patients
undergoing ECMO circulation (Table
1, Figure 9). The contrast distribu-
tion patterns can differ from those
with normal physiology and are
determined by the unique hemo-
dynamic changes induced by the
ECMO circuit.*

Patients with VV-ECMO typically
have normal cardiac output and simi-
lar hemodynamics to patients without
extracorporeal support. For such
patients, intravenous contrast should
be administrated through the oxygen-
ator inlet within the ECMO machine.
While a fraction of the contrast might
recirculate through the ECMO circuit
before entering the systemic arterial
circulation, the amount is generally

not significant and ECMO flow can

be maintained during the examina-
tion. Recirculation of IV contrast is
higher when a venous line is used

for injection. In these instances, it
is advisable to reduce ECMO flow
during injection.”

Different strategies are required for
VA-ECMO contingent upon the imag-
ing target, arterial cannulation strate-
gy, and the patient’s cardiac output.*
When systemic arterial enhancement
is required, the oxygenator pathway
is recommended for patients with
either central or upper body peripher-
al cannulation. For those undergoing
femoral cannulation, the contrast de-
livery method hinges on the interplay
between cardiac output and ECMO
flow rates. In patients with low cardiac
output, oxygenator injection with ret-
rograde filling of the aorta is favored
while maintaining the ECMO flow.
Conversely, injection through a venous
line is preferred for patients with high-
er cardiac outputs while ECMO flow
should be decreased, if safe to do so,
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Figure 11. An adult with altered mental status after decannulation of VA-ECMO.
Pre-cannulation CT scout image (A) shows the inflow (blue arrow) and outflow (red
arrow) cannulas at the level of the inferior cavoatrial junction and left common iliac
artery. Axial (B) noncontrast brain CT obtained post-decannulation show a large
acute left frontal intraparenchymal hematoma with mild adjacent edema (yellow

during the acquisition phase.**

Pulmonary artery evaluation is
challenging for all VA-ECMO configu-
rations, as blood bypasses the
pulmonary arteries. Contrast should
be administered through a venous
line while reducing the pump flow
rate as much as possible.*

If parenchymal enhancement is
required (ie, a portal-venous phase),
contrast should be injected through
the oxygenator, and ECMO flow can
be maintained (applicable for all
cannulation strategies).*

To ensure patient safety, it is recom-
mended that contrast-enhanced CT
studies be performed with a perfu-
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arrow).

sionist present, particularly when ad-
justments to ECMO flow are required.

A Range of Potential
Complications

The overall benefit, incidence of
adverse events, and mortality associ-
ated with ECMO remain topics of on-
going debate. Various meta-analyses
and registries report overall in-hospi-
tal survival rates for patients with
ECMO in the range of 38-43%.%*47

Patients with ECMO are at in-
creased risk of bleeding, given their
need for anticoagulation and higher
prevalence of coagulopathies com-

pared to the general population.*

Nearly half of patients experience
hemorrhage, with the cannulation
and surgical areas as the most
common sites of bleeding, followed
by hemothoraces and hemopericar-
dium.** Chest radiography is useful
for identifying hemothoraces and
hemopericardium as new pleural
collections or enlargement of the
cardiopericardial silhouette, respec-
tively, which can be confirmed by
CT (Figure 10).

Neurological complications, while
less frequent, are associated with
significant morbidity and mortality.
Intracranial hemorrhage and ischemic
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Figure 12. Vascular complications in an adult VA-ECMO patient, status post-aortic valve replacement. CT scout image (A) shows the inflow (blue
arrow) and outflow (red arrow) cannulas at the level of the inferior cavoatrial junction and left external iliac arteries. Contrast-enhanced axial chest
CT (B) shows a large central pulmonary embolism (yellow arrowheads). Axial abdominal CT (C) shows acute dissection of the abdominal aorta (green
arrowhead), probably resulting from vascular injury during arterial cannulation.
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stroke may be observed in approxi-

mately 3% and 1.4% of patients, re-
spectively, although they carry a mor-
tality rate as high as 80% (Figure 11).*
Thromboembolic disease is
frequent in patients connected to
extracorporeal life support. The
incidence of deep vein thrombosis is
estimated at 53% and is more preva-
lent in VV-ECMO than in VA-ECMO.*
Hemocompatibility within the ECMO
circuit may trigger an inflammatory
response and initiate the clotting

Applied Radiology

cascade. Moreover, the mechanical
stress may affect the arrangement of
coagulation factors, posing a signif-
icant challenge for anticoagulation
(Figure 12).%

Vascular complications, includ-
ing access vessel obstruction with
resultant limb ischemia, traumatic
arterial dissection, and transection
can occur in up to 30% of patients,
are more frequent with VA-ECMO,*
and are associated with increased
mortality.”® Other complications

include renal failure, superimposed
infection, sepsis, disseminated
intravascular coagulation, and ECMO
circuit component clots.*

Conclusion

As ECMO utilization increases in
the treatment of severe cardiopul-
monary failure, familiarity with the
different types of ECMO circuits, ex-
pected locations of cannulas, optimal
CT imaging protocols and possible

January / February 2024



complications is essential for radiol-
ogists to ensure accurate imaging
interpretation and diagnosis.
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EYE ON Al: HOW ARTIFICIAL INTELLIGENCE IS CHANGING RADIOLOGY

The Compounded Value of Al
Beyond Radiology

Lizette Heine, PhD

In healthcare, doctors help people;
artificial intelligence (AI) helps
doctors help people. It may sound
trite, but it is important to adopt this
philosophy as a guiding principle in
product development. The US Food
and Drug Administration (FDA) has
approved close to 700 Al-enabled
medical devices,' and an even larger
number of algorithms are being
developed and deployed in research
institutions. Each of these prod-
ucts and algorithms can handle a
specific task, often with superhuman
performance. However, it is easy to
lose track of what is most import-
ant: the impact of these products
on patient care.

Historically, AI products have
faced several challenges to clinical
implementation and, therefore, to re-
alization of their full potential within
the broader healthcare system. For
one, an important bias that plagues
Al algorithms relates to the heteroge-
neity of medical scans; depending on
whether the software or algorithm
being used was trained on them, dif-
ferent acquisition protocols or scan
quality can cause unreliable results.?

Affiliation: Dr Heine is the director of
clinical science at DeepHealth, Rotterdam,
The Netherlands.

Overfitting might also happen,
causing the software to underper-
form on new sets of data. This can
occur when certain types of data are
under-represented in the training
set. An example of this is a skin-can-
cer evaluation application trained on
only one skin color.

Luckily, these issues are beginning
to be addressed. The significance of
racial bias in radiology?® is reflected
in current guidelines,* and some
institutions are tackling the issues
by providing open source data and
labels. Large databases are available
to innovators tackling cancer ° and
COVID,° and more are expected in
the coming years. For instance, the
Oregon-Massachusetts Mammogra-
phy Database project aims to cata-
logue 220,000 annotated mammo-
grams with ground truth labels.”

Rigorous clinical evaluation of
real-world use by independent third
parties is the best way to thorough-
ly assess Al-enabled products and
the possible biases affecting their
performance. Studying accuracy,
sensitivity, specificity, and user inter-
action with the Al solution is the first
step in quantifying patient impact.
Such assessments will also inform
further software development, and
thus improve the software and its
value to patients.

The clinical usefulness and value
of Al products along the entire
patient pathway deserves more
attention. Nowadays, evaluations of
such tools and technologies are often
limited to assessing their impacts
on radiologist efficiency, accuracy,®
consistency of diagnostic evalua-
tions,® and/or cost.*® While these
assessments are necessary, useful,
and valuable, AI products could
have compounding effects on other
specialties. An important next step in
Al development would be to reuse AL
results within multiple steps of the
healthcare pathway. For example,
results from a screening Al could
also be used for diagnosis, interven-
tional therapy, measuring treatment
response, or even clinical trials. The
potential additional benefits of such
compounding effects could positive-
ly impact AI utilization in health-
care as a whole.

Take prostate MRI. Current rec-
ommendations call for MR imaging
prior to biopsy to decrease the num-
ber of biopsies and missed cancers.
Al can assist radiologists,, especially
trainees, in evaluating the prostate
and in creating structured reports
and segmentations.'?

The software output can then
be imported into fusion-capable
biopsy systems. This would free up

©Anderson Publishing, Ltd. All rights reserved. Reproduction in whole or part without express written permission is strictly prohibited.
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urologists’ time, as they no longer
would have to manually segment
the lesions based on textual or
paper-drawn reporting. The same
segmentations can also assist other
physicians, for instance, by inform-
ing treatment-dose calculations

to reduce damage to surrounding
tissue, or in performing MRI-guid-
ed radiotherapy.

A clear understanding of the
larger healthcare system around
each AI product’s use-case will reveal
what features can provide a more
complete understanding of Al’s real
value. Evaluating this is not an easy
task, as the benefits will be different
for each stakeholder. More research
methods are needed to focus on
compounded benefits, particularly
for products whose costs are primari-
ly borne by one department, while
the benefits accrue across other
service lines.

Artificial intelligence will bolster
the performance of radiologists and
that of the wider healthcare system.
More real-world studies of diagnostic
AT will demonstrate clinical utility
for the radiology department and
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beyond. When we think more holisti-
cally about the positive effects on the
overall healthcare system, we can
truly assess the level of value a given
product adds to patient care.
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Tele-Ultrasound: Meeting Global Imaging
Challenges

Diana L. Dowdy, DNP, CNM, RDMS; Robert D. Harris, MD, MPH

According to The World Health
Organization (WHO), diagnostic ul-
trasonography (US) is one of the most
important technologies in developing
countries. Access to US is now consid-
ered a minimal global standard. The
WHO reports that medical imaging is
needed for diagnosis in 20-30 percent
of clinical cases, and that US and/
or conventional radiology would be
sufficient for up to 90 percent of those
cases.! Unfortunately, two-thirds of
the world’s population, especially peo-
ple living in low- and middle-income
countries (LMICs), have no access
to medical imaging. For example, in
Malaysia, there are approximately
30 radiologists per million people
compared to the desired goal of 50
per million in 2030.?

The availability of US services in
underserved areas is limited by many
factors. A lack of trained sonogra-
phers/sonologists and appropriate
equipment, along with inadequate
infrastructure, are two major ones.?
To help solve these challenges,
telemedicine, including teleradiology
and tele-ultrasound (TUS), can be em-
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in Huntsville, Alabama, and Women’s POCUS director at
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a professor of radiological sciences, at Drexel University
College of Medicine-Allegheny Health Network, in
Pittsburgh, Pennsylvania.
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ployed to provide responses to clini-
cal situations in the absence of on-site
specialists.* Indeed, multiple studies
have shown that TUS improves access
to, and reduces the costs of, health-
care in remote geographic regions
with limited infrastructure.®®
Tele-ultrasound can take place in
two ways: asynchronously or in real
time. In asynchronous TUS, static
images or clips are captured and
stored for later review by radiologists
(a process also known as “store and
forward”). The benefits of asynchro-
nous TUS include training local practi-
tioners to obtain clips of a body region
or target organ using basic scanning
protocols. One method consists of vol-
ume sweep imaging a target to create
a tomographic series or 3D capture
of the region.®In an emergency, first
responders can obtain and send a
sweep to a remotely located radiologist
for interpretation, if not for immediate
evaluation, then for later validation/
refutation of a preliminary diagnosis.
Real-time TUS, on the other hand,
allows the expert observer to be
virtually present during scanning,
enabling direct feedback and enhanc-
ing the expert’s ability to guide the
operator and improve image quality.
Real-time TUS quality is improving
almost by the day. A smartphone or
similar device can be connected to
the probe to observe the person scan-
ning while generating a split-screen

image for both participants. One side
shows the practitioner performing
the scan, while the other shows the
image (Figure 1). The receiving expert
can remotely move a cursor over

the sender’s image, demonstrating
correct location or orientation. The
sending provider can also move a
cursor in response (Figure 2). Both
participants can also view each
other, allowing for virtual “hands-on”
instruction (Figure 3). These capabil-
ities have been revolutionary for US
education and mentoring.

Indeed, with the growing avail-
ability of commercial off-the-shelf
software, high-definition images
using Windows or Android config-
urations can now be transferred
around the world in seconds over
Wi-Fi and 5G networks that provide
100 times faster data transmission
rates (up to 10 gigabytes per second),
and capacities more than 100 times
that of 4G technology.

Tele-Ultrasound Effectiveness

Over the past 10 years, numerous
studies have examined the utility of
TUS in settings where other tech-
nologies are unavailable, cost-pro-
hibitive, or unable to be prop-
erly maintained.

Table 1 offers a summary of sys-
tematic reviews of TUS publications
from 1950 to 2020.
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Figure 1. Use of a handheld ultrasound unit by a local sonographer (A), while a remote
instructor observes the sonographer via video and identical screen in real time. (B)

Figure 2. Use of the Reacts™
platform demonstrating the
sonographer’s hand position (upper
left), the remote observer’s view

of the image (center) with a digital
pointer, and an image of the remote
observer (bottom). The digital
pointer can be manipulated by both
the sonographer and observer.

Asynchronous training with TUS
suffers from difficulty in recruiting
and retaining reliable learners, howev-
er it does provide for learner flexibili-
ty. Many pilot projects in LMICs have
been initiated by organizations such as
RAD-AID™. Asynchronous training is
followed by hands-on training/mentor-
ship. Outcomes data will be essential
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to validate the effectiveness of TUS as it
expands throughout these regions.

Novel Approaches to Come

Telemedicine is quickly becoming
adaptable to many different situations
and scenarios. FaceTime™ video
conferencing via iPhone, for example,

Realtek DMFT Device (05¢8.

is demonstrating utility not just with
telemedicine in general but also in
ultrasound consultation specifically.
One drone-based product involves
flying US units to inaccessible locations
for catastrophic emergencies, and
to vulnerable populations for whom
transport is impractical or undesirable.
This can be particularly useful in war
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Figure 3. A remote educator
demonstrating hand postition change
to a local sonographer (lower right)
via the educator’s desktop. The
educator can view the sonographer’s
scan technique (lower right) as well
as the image capture (center).

Tele-Ultrasound: Meeting Global Imaging Challenges
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Table 1. Strengths and Challenges of Tele-Ultrasound

-Universal utility for remote areas with radiology personnel deficit

-Not a replacement for in-person scanning
-Obstacles for local training and certification
-Limited expert consultants

-Limited ability to observe subtle techniques (orientation/scan technique)

-Equipment/telecom costs offset by improved access and healthcare savings
-Available low-cost machines, web interfaces, platforms and data storage

-Improved data transfer rates for large files

-Infrastructure-dependent
-Equipment and supply costs
-Diverse machine types

-Insufficient, or poorly maintained local equipment

-Wireless networks more reliable; some HIPAA compliant

-Unreliable or absent WIFI/satellite access

-Limited data use on local cell services

Data Security

-Conversion to DICOM available on most/all newer machines, allowing
transmission to PACs

-Archiving data security concerns
-Some countries prohibit patient data out of the country

-Potential for hacking

zones, wilderness rescues, and other
areas and circumstances with little
access to imaging.

In obstetric US, a novel, self-oper-
ated home system that attaches to a
smartphone (known as INSTINCT")

40 Applied Radiology

is being used for fetal assessment,
including a basic biophysical profile.

high accuracy in assessing fetal
heart rate, amniotic fluid index,
and fetal tone.’

Artificial Intelligence and Tele-
Ultrasound

In one study, it has demonstrated

Amid the limited resources and lack
of expert sonographers in many LMICs,
artificial intelligence (AI) offers the
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opportunity for even the inexperienced
to acquire diagnostic-quality images.
In the US and Europe, some agencies
have been granted regulatory approval
to process images using Al guidance.
In this process, after entering anthro-
pometric information, a transducer

is placed on the patient. The operator
is instructed on probe placement and
movement, and the picture is automat-
ically captured as soon as the device
detects a high-quality image, essential-
ly performing volume sweep imaging.
Al-assisted TUS is still investigational;
to ensure accuracy, a large database of
condition-specific and normal images
will be required to build the algo-
rithms needed to train the technology.
Nevertheless, Al-assisted guidance

for all US procedures may eventually
become commonplace. Deep-learning
algorithms for precision US interpre-
tation are also in early development;
these tools are being studied for their
ability to evaluate condition and

injury severity for real-time clinical
decision making.®
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Conclusion

Tele-ultrasound has been shown
to improve access to, and reduce the
costs of healthcare in, remote areas
with limited infrastructure. Rapidly
evolving technology will promote in-
creased implementation of TUS, es-
pecially in settings with few trained
professionals. Affordable pocket/
hand-held devices are increasingly
available globally, providing excel-
lent platforms for the application of
TUS. As global connectivity expands,
particularly with improved cellular
and internet access, TUS is quickly
becoming more feasible worldwide.

Although TUS applications are
unlikely to fully replace hands-on
scanning or human professional
judgment in clinical decision mak-
ing, they will continue to advance in
the years ahead. Radiologists must
remain up to date on technical inno-
vations and consider leveraging TUS
as a tool to expand high levels of care
to those in need around the world.
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FIRST IMPRESSIONS: PRACTICAL INSIGHTS FOR NEW RADIOLOGISTS

Residency is More Than Just Image

Interpretation

Yasha Parikh Gupta, MD

Radiology residency is a time when you, as a
physician, will learn the essential skills of image
interpretation. Between year 1 and year 4, you
can expect to see exponential growth in your
knowledge of imaging and mastery of the nuances
required to carry out the responsibilities of your
chosen profession.

And yet there are other, supplemental skills that
you should be sure to learn during this time, not
just to make you a more competent radiologist, but
also to develop yourself as a well-rounded physi-
cian who can succeed in both patient care and your
specialty within the profession.

Make Yourself Clear

One of the most important skills is communica-
tion. As radiologists, we primarily communicate
through our reports. Throughout our journey as
physicians (perhaps even as patients) we have all
experienced a variety of reporting styles. We have
encountered concise radiologists who get right
to the point. We have also encountered verbose
radiologists who take pride in extensively detailing
every incidental finding in every image.

There is no right or wrong when it comes to
style; while learning which one works for you
is important, making sure to highlight the most
actionable findings clearly to all readers should be
your top priority. Obtaining feedback from those
around you is a good way to figure out what works

and what doesn’t. Read as many reports as possible
to learn what you like and do not like.

Lead the Way

Another valuable skill is leadership. Leadership
skills can only be acquired through practice, and
residency is a great time to start working on and
solidifying them. Serving as a chief resident, for
example, affords experience in learning how to
balance the needs of various parties and how to
behave as a role model to your co-residents. To be
sure, serving as a chief resident will require a large
time commitment, but it can also be an especially
transformative experience.

There likely are also many opportunities to prac-
tice leadership skills within your own department
and as part of organizations such as the American
College of Radiology and the Radiological Society
of North America. Many of these positions require
minimal time on your part, but they can help you
hone your communication skills and provide great
networking opportunities that can serve you for
the rest of your career.

Teach Yourself a Lesson

Teaching is also a skill well worth practicing
during residency. Many programs are affiliated
with medical schools; you may find yourself read-
ing studies with a student at your side. You may

Dr Gupta is a radiologist at Keck Medicine at USC, Los Angeles, California. She is also a member of the Editorial Advisory Board of

Applied Radiology.
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Residency is More Than Just Image Interpretation

also be presented with opportunities to teach at
the medical school itself. Your day-to-day activities
as a radiologist, moreover, will require the ability
to teach to some degree, whether it’s educating
the physicians who come to your reading room to
review study findings, or it’s offering a phone or
video consult.

Get Technical

Finally, technical skills such as ultrasound
scanning and interventional procedures are very
important to learn during residency. These skills can
be extremely useful when you are asked to take a
second look by a technologist. Experienced technol-
ogists are often great teachers, and you may never
again get the kind of time to dedicate to learning

January / February 2024

scanning and procedural techniques that you have
during training. You may think you’re “never going to
need that skill,” but you also never truly know where
your career may lead you. You may someday need to
know how to perform a breast biopsy—despite swear-
ing off mammography for life!

Residency is more than just a time to learn how
to be a radiologist. It is a time to learn how to run
an imaging service, and while the main part of
your job is to read images, becoming a valued team
player is just as important.

Residency can feel very long, but it is actually
quite a brief portion of your career. Devote as
much time as you can to learning about communi-
cating, leading, teaching, and honing the technical
skills that will serve you well once you begin prac-
ticing independently.

Applied Radiology

FIRST IMPRESSIONS

43



Radiology Matters

Al's Diversity Problem in

Radio

Algorr

Kerri Reeves

Kerri Reeves is a
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based in Ambler, PA.

‘hm Bias

As the volume and breadth of healthcare data
continue to expand, so too are the opportunities
to apply artificial intelligence-based solutions (AI)
to a growing number of medical tasks, including
many in radiology.

However, care must be taken, many experts
say, to ensure that the promise of Al reaches all
patients, regardless of race, gender, and other
demographics, by making it a priority to train the
underlying algorithms of Al solutions on as many
diverse patient populations as possible.

The Al Toolkit is Growing

More than 520 Al-based medical algorithms
cleared by the US Food and Drug Administration
(FDA) are helping to make diagnoses, treatment
recommendations, and health outcomes predic-
tions.! They are also streamlining administrative
functions related to billing, patient records, and
pre-authorizations.

In radiology, nearly 400 dedicated Al-based
algorithms are being applied to spot potentially
cancerous lesions, to advance image processing
tasks, to generate 3-D models, and to assist in gen-
erating reports.!

Yet, while the potential of Al to continue
improving upon medical imaging is promising,
concerns are being raised about bias—specifically
with respect to bias in the datasets used to train AI
solutions in healthcare.

“We need datasets that represent the beautiful
diversity of our patients, whether that’s gender,

ethnicity, age, or any other type of diversity,” says K.

Elizabeth Hawk, MS, MD, PhD, assistant professor

ogy: Addressing

at the Stanford School of Medicine, interim chief of
health sciences, and associate clinical professor of
nuclear medicine at the University of California San
Diego. “Otherwise, [algorithms] may underperform
for the under-represented patient populations.”

Dr Hawk and Sonia Gupta, MD, chief medical
officer of Enterprise Imaging at Optum and a
radiologist specializing in oncology, shared their
thoughts on the need for more diverse Al-training
datasets in an interview with Applied Radiology
editor-in-chief Erin Simon Schwartz, MD, at RSNA
2023 in Chicago. Their conversation followed a
panel discussion at the meeting.?

To avoid bias, patient harm, and discrimination
in the provision of care, the data used to train Al
algorithms must include the full range of patient
gender, ethnicity, race, age, and geography, as
well as any with genetic predispositions to certain
diseases and/or issues with access to healthcare
services, says Dr Gupta.

For example, she argues, an algorithm designed
for cancer detection should incorporate data from
patients with reliable access to regular screen-
ing, as well as from those who do not have those
advantages. These populations commonly include
ethnic and racial minorities, women, and children,
among others, who may be excluded from the data-
sets used to train computer programs.

Dr Gupta cites age diversity as a particular
concern as it relates to identifying and meeting the
healthcare needs of children.

“[We need] more algorithms that are developed
exclusively for pediatrics because we [often] go
backwards in that we start with adults and then
hope that we can retrofit it to children, but it’s not

©Anderson Publishing, Ltd. All rights reserved. Reproduction in whole or part without express written permission is strictly prohibited.
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the same,” Dr Gupta says. “Children are not little
adults ... . [They have] completely different physi-
ology and disease processes.”

“It’s important to bring pediatric radiologists to
that design table,” adds Dr Hawk. “A lot of these AI
development teams have been focused on adult al-
gorithms ... and when they start looking to develop
more pediatric algorithms, it’s important to bring
radiologist voices to the design process.”

“When we don’t have diversity of data ... it
actually deepens healthcare disparities across the
globe, not only for our patients, but also for our
provider teams,” she says.

With respect to geographic diversity, Dr Hawk
argues that US healthcare would greatly benefit by
doing more to integrate rural populations in the
training of AI algorithms. The same is true for im-
proving gender diversity; she notes that algorithm
re-approvals through the FDA provide an opportu-
nity to “tune-up” existing algorithms.

“That’s a good time to look at the blind spots like
gender diversity and make sure that the new data-
sets include a wider gender diversity, depending
on the algorithm [and its needs],” Dr Hawk says.

Al Bias in Healthcare Coming
Under Scrutiny

The impact of bias on healthcare Al has captured
the attention of legislators. In November, The Senate
Health, Education, Labor, and Pensions Committee
held a hearing on policy considerations for Al in
healthcare, and The House Energy and Commerce
Subcommittee held one on considerations for
Congress as Al evolves. Participants shared concerns
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about inequitable use of Al that could exacerbate
health disparities.

US Sen. Ben Ray Lujan of New Mexico noted that Al
data gathered mostly from male patients performed
poorly when physicians applied it to female patients.
Sen. Lujan also pointed to an algorithm designed
to diagnose skin cancer trained on lighter-skinned
patients that would fail on darker-skinned people.?

A study addressing patient health management
and published in the journal Science also showed
that algorithms used in healthcare are racially bi-
ased.* This study found “large racial biases” in the
prediction of healthcare costs over illness resulting
from unequal access to care. In addition, market
forces and pre-existing societal prejudices of the
data itself also play a role in the under-representa-
tion of certain populations, according to a recent
article in the Harvard Business Review.’

Overcoming bias in the development of health-
care algorithms is challenging. Many algorithms
are proprietary, and humans often cannot know
specifically what pieces of information are used by
a given Al-based program to make recommenda-
tions, how those data are weighted by the program,
or even what data are included or excluded.®

Developers and users alike largely cannot reason
through AT’s “decisions.” As disparities arise, there
is a risk of patterns being repeated, resulting in the
further amplification of existing inequities.

For example, one study that examined algorith-
mic underdiagnosis in the classification of pathol-
ogies across three large chest X-ray datasets and a
multi-source dataset found that classifiers pro-
duced using state-of-the-art computer vision tech-
niques consistently and selectively underdiagnosed
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certain underserved patient populations. The study
also found that the underdiagnosis rate was higher
for intersectional underserved subpopulations
such as, for example, Hispanic female patients.”

The researchers concluded that the deploy-
ment of Al systems with such biases for medical
imaging-based diagnosis risks worsening existing
care biases and leading to unequal access to med-
ical treatment.’

Improving Data Diversity

While developers are limited by the availability
of diverse datasets and technological aspects of
algorithm training, there are ways to reduce AI
bias in medicine. Focusing on diversity within
algorithm development teams, including mem-
bers’ age, race, gender, and geography, can help
to ensure data representation across popula-
tions, Dr Hawk says.

“Really look at the [development] team ... and
ask, ‘will this represent the diversity of my practice
or where I want my practice to go?”” Dr Hawk says.
“If [the company] has a homogeneous team with
homogeneous minds problem-solving ... around
how to create an algorithm, then they’re going
to design something that looks and feels like a
solution for their problems.” She adds that this
can adversely impact the providers who use the
technology and their patients whose disparities are
deepened by its use.

Increased diversity of a development team also
can result in a comprehensive evaluation of tech-
nology performance for every user, Dr Hawk says.
She cites the example of an employee for whom
English is a second language benefiting from a
natural language processing algorithm.

“If you have diversity in your team, they will
[ensure] that diversity was created in the design
process of the algorithm,” she says.

Improving diversity, equity, and inclusion in
radiology, as a whole, is long overdue, says Dr
Gupta, who notes the under-representation of
minorities and women in the specialty. Statistics
show that only 23% of radiologists are women; only
1.7% are Black; and 3.7% are Hispanic or Latino,
compared to 6.2% and 5.3% of medical school
graduates overall, and 13% and 18% of the popula-
tion, respectively.®

Applied Radiology

Al’s Diversity Problem in Radiology

“[Our] specialty is a leader in healthcare in devel-
oping Al and if our trainees, residents, and fellows
don’t reflect the diversity of the general population,
then we’re not going to reflect more diversity as
we develop Al and get these algorithms into the
market,” Dr Gupta says. “Going to the source—the
radiologists who are becoming leaders in the AI
space within healthcare—is really important.”

Involving a more diverse body of stakeholders in
training, reviewing, and supervising development
of the algorithms, and validating the data, will help
address bias issues within healthcare Al

Leaders must “guide the needle into a better di-
rection that lessens healthcare inequity, improves
diversity across our field, [and] really places an el-
ement of empathy, kindness and patient-centered
care into the work that we're doing,” Dr Hawk says.
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C. Douglas Phillips, MD

Not sure how many of you were able to get to
RSNA 2023. I'm not going to say it was back to full
speed, but it was pretty close.

The varying intensity of the meeting is still a
little odd to me. On Tuesday you got through the
bridge from the East building only by bending
forward and moving into the press of humanity.

It is a little like leaning into a gale-force wind. To
say nothing of being greeted a hundred times

by people you know, which mandates a five- to
ten-minute discussion as humanity streams by you
on all sides. A trip across that bridge is a minimum
20-minute process. I love it.

I will eventually miss RSNA quite a lot. Not going
to RSNA is something I will undoubtedly have to
start getting used to as I move along to the “next
phase” of my career (fewer meetings, more talk
about retirement). But what happened at RSNA
2023? What was new? What made people happy
(or depressed)?

Al

Jeez, I'm pretty sure that ChatGPT (or perhaps
a clone of it) and its latest iteration will soon be
chewing my food for me. If it lets me eat. It may
not have the need for me.

I was very fortunate this year to moderate the
annual Image Interpretation Session. Smart folks
looked at some nearly impossible cases I gathered
with the assistance of my colleagues. And they
hammered them. These are some very intelligent

people. But you know, at some point I wonder if
they all just presented the cases to their AI system
and said, “Hey, AI, what is this case?”

Not this year, but at some point, it is a possibility.
You know what’s coming? We will have patients tak-
ing their online images and their history and physi-
cal exam findings and inputting it all into their free
AI program. And we will get insistent letters saying
things like, “Why didn'’t you think about spargano-
sis?” “Don’t you want to order a serum molybdenum
level on me? Please see attached AI comments.”

And you know what else? I don’t think our
non-radiology colleagues are immune to this at
all. You can click boxes and say where it hurts, and
these programs can do your work-up. When AI
programs get ordering and admitting privileges
we are in trouble. Surgical robots are already out
there; with time they will also know what to do on
their own. “Hi, I'm Bill, your anesthesia robot. And
this is Suzy, your surgery robot. Don’t worry, you
won't feel a thing.”

Ilove what I do, don’t get me wrong. However, I
am on many levels happy to be at the point in my
career where I am, as opposed to just starting out.

I wonder if Al needs a cup of coffee in the morn-
ing to get started? A mid-day chocolate? Does it like
a cold martini at the end of a particularly bad day?
Can it write a humorous send-up of humans?

Yeah, unlikely.

Keep doing that good work. Mahalo.

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

A young adult presented to the
emergency department following
a fall from bed. On examination,
the patient was noted to be severely
cachectic with a body mass index
(BMI) of 12.9 and a visible deformity
of the distal left femur. Patients with
a BMI <15 are characterized by the
DSM-5 as having extreme anorexia
nervosa (AN).!

The patient complained of distal

left thigh pain and bilateral foot pain.

They reported recently experiencing
bilateral foot edema, for which they
poked their feet with sewing needles
in an attempt to relieve the pressure.
Per the patient’s parent, they had an
extensive history of hospitalizations
for AN-related medical complica-
tions. During workup, the patient
underwent lower extremity and
pelvic radiography, noncontrast CT
of the head, chest, abdomen, and

Rami M. El-Baba, DO; Charles Messerly, DO; Ahmad Tahawi; Kevin R. Carter, DO

pelvis; and MRI of the feet to assess
for osteomyelitis.

Imaging Findings

Knee radiography demonstrated
an oblique, impacted fracture of the
distal femoral metaphysis superim-
posed on diffuse bony demineraliza-
tion. Pelvis radiography revealed an
acute, comminuted fracture of the
right greater trochanter, as well as re-
mote fractures of the bilateral supe-
rior pubic rami (Figure 1). Addition-
ally, Rigler sign, air outlining both
sides of the colon wall was also seen
(Figure 1). Sagittal CT of the spine
revealed multiple vertebral body
compression fractures (Figure 1).

Axial noncontrast brain CT
demonstrated diffuse prominence
of the ventricles and sulci, out of
proportion to the patient’s age (Fig-
ure 2). Axial abdominal CT revealed
retroperitoneal gas dissecting along
the inferior vena cava and into the
inferior mediastinum as well as sig-

RADIOLOGICAL CASE

Complications of Anorexia Nervosa

Magnetic resonance imaging of
the feet revealed premature conver-
sion of red marrow to yellow marrow
(Figure 4) but no osteomyelitis.

Diagnosis

Anorexia nervosa complicated
by severe bony demineraliza-
tion, pathological fractures, and
pneumatosis intestinalis with
pneumoperitoneum.

Discussion

Anorexia nervosa is a unique
psychological disorder that leads to
severe physiologic derangements
across nearly every body system.
The sequelae of such alterations can
present with a variety of radio-
graphic findings.

The neurological system is
quarterbacked by the brain, whose
main fuel source is glucose. Without
adequate carbohydrate intake, the
brain is starved of glucose, leading

Affiliations: Department of Radiology, Loyola University
Medical Center-Maywood, Ilinois (Dr EI-Baba); Department
of Radiology, Mclaren Oakland, Pontiac, Michigan (Drs
Messerly, Carter); Department of Radiology, Beaumont-
Farmington Hills, Farmington Hills, Michigan (Dr Tawahi).

to overall decreased brain volume.
Multiple MRI studies have demon-
strated that gray matter volumes are

nificant bowel-wall pneumatosis of
the ascending and transverse colon,
and free air within the peritoneal

cavity (Figure 3). primarily affected in AN; this volume

©Anderson Publishing, Ltd. All rights reserved. Reproduction in whole or part without express written permission is strictly prohibited.
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Figure 1. Single supine pelvis radiograph

Complications of Anorexia Nervosa

demonstrates a subtle acute comminuted right
greater trochanter fracture superimposed on
diffuse bony demineralization (arrow). Remote
fractures noted of the bilateral superior pubic
rami. Partially visualized abdominal contents
reveal gas outlining each side of the colon

wall, indicating bowel pneumatosis with
pneumoperitoneum (Rigler sign, arrowhead). (B)
Single frontal view of the left knee demonstrates
an acute oblique impacted fracture of the distal
femoral metaphysis superimposed on diffuse
bony demineralization. There is severe cachexia
with lack of muscular and soft tissue density.
(C) Sagittal bone window images demonstrate
diffuse bony demineralization with age-
indeterminate compression deformities of T1,
T2,T5,T8, T10, L1, L2, and L4 (some indicated

by arrows).

Figure 2. Axial noncontrast CT of the head demonstrates
significant ventricular and sulcal prominence out of

proportion for the patient’s age.

48b Applied Radiology

loss has been shown to be reversible
with weight restoration..

In cases of AN, malnutrition leaves
the body in a constant “fight or
flight” state, leading to excessive and
continuous release of cortisol. This
blocks calcium absorption and dis-
rupts calcium homeostasis, causing
decreased bone cell growth and ulti-
mately leading to bone reabsorption
and decreased bone mineral density.
The earlier the onset of disease before
peak bone density is achieved, the
more severe the osteoporosis.? This
leads to increased incidence of patho-
logic fractures. Our patient reportedly
fell from a height of no more than
three feet and developed multiple
acute left lower extremity fractures

with more age-indeterminate verte-
bral compression fractures.
Anorexia nervosa has also been

linked to abnormalities in osteoblast
and osteoclast progenitor cells in
bone marrow. Hormonal alterations
with disruption of the hypothalam-
ic-pituitary axis and amenorrhea
leads to adipocyte over osteoblast
differentiation within the mesenchy-
mal stem cell pool.® This results in fat
deposition and premature conversion
from red marrow to yellow marrow.
Severe protein and electrolyte de-
rangements lead to impaired synthetic
liver function, which can result in
coagulopathy and abnormally low
albumin levels. This causes large fluid
shifts from intravascular to extravas-

January /February 2024



Figure 3. (A) Axial CT in lung window at the level of the diaphragm
reveals retroperitoneal gas dissecting along the inferior vena cava
and into the inferior mediastinum (arrow). (B) Coronal CT image

in lung window demonstrates significant bowel-wall pneumatosis
of the ascending and transverse colon (arrows), as well as air
within the peritoneal cavity (arrowheads). The urinary bladder is

significantly distended.

Complications of Anorexia Nervosa

Figure 4. Sagittal MR images of the foot in proton density, T1, and T2 demonstrate bright osseous marrow signal, indicating the
premature conversion of red marrow to yellow marrow. The evaluation is limited secondary to lack of fat suppression; however, no

gross findings for osteomyelitis are seen.

cular spaces, resulting in anasarca,
ascites, and pleural effusions, all of
which this patient experienced during
their hospital stay.

Very few cases of pneumatosis
intestinalis have been reported in the
setting of AN. As in this patient, the
condition is typically found inciden-
tally. It is theorized that the combina-
tion of electrolyte imbalance, anasar-
ca, and large fluid shifts in the setting
of a low-flow mesenteric circulation
state causes nonocclusive bowel
ischemia and eventually pneumatosis
intestinalis and pneumoperitoneum.*

Conclusion

The images presented in this
case demonstrate the unique and

multisystem sequelae of extreme AN.

January / February 2024

Knowledge of such findings form a
link behind the body’s physiological
response to severe malnourishment
and the downstream consequences,
some of which are reversible, such

as bony demineralization. Careful
attention must be paid in identifying
such findings to help these patients
receive the most appropriate care.
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PEDIATRIC RADIOLOGICAL CASE

Neonatal Adrenal Hemorrhage

Hanna Tolson; Richard B. Towbin, MD; Carrie M. Schaefer, MD; Alexander J. Towbin, MD

Case Summary

A newborn with tracheoesopha-
geal fistula, imperforate anus, and
tethered cord underwent abdominal
ultrasound to evaluate the solid
organs for further anomalies.

Imaging Findings

Ultrasound (Figure 1) showed a 1.2
cm asymptomatic hypoechoic mass
within the right adrenal gland. The
lesion had no internal color Doppler
flow, and it was not present on ear-
lier ultrasound. It decreased in size
on subsequent ultrasound (Figure
2) before later resolving. Abdominal
ultrasounds were repeated at two
weeks, one month, and four months.
Throughout this time, the mass
decreased in size, remained adreni-
form in configuration, and appeared
hypoechoic to anechoic, consistent
with the suspected diagnosis of
adrenal hemorrhage.
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Diagnosis

Adrenal hemorrhage.

The differential diagnosis for a su-
prarenal mass in a neonate includes
neuroblastoma, mesoblastic nephro-
ma, and subdiaphragmatic extralo-
bar pulmonary sequestration' risk
factors and clinical presentations of
neonatal adrenal haemorrhage (NAH

Discussion

Adrenal hemorrhage is a relatively
uncommon condition in neonates,
occurring in just 0.2-0.55% of live
births.! The vascular architecture
of the adrenal gland is unique and
particularly vulnerable to arteriolar
rupture and bleeding. Three arteries
supply the gland, dividing into fifty
to sixty small branches, forming
a subcapsular plexus. A relatively
small number of venules drain the
subcapsular plexus. This intrinsically
vulnerable network, termed a vascu-
lar dam, is sensitive to vasoconstric-
tion from catecholamines released
by the adrenal medulla resulting in
increased intravascular pressure.>®

Adrenal hemorrhage is more com-
mon on the right side (70%) of cases,
with bilateral involvement occurring
in 10% of cases. The greater inci-

dence of right adrenal hemorrhage
is thought to occur because the veins
drain directly into the inferior vena
cava. This configuration makes the
gland more susceptible to pressure
changes, which ultimately lead to
arteriolar rupture. Neonates are at
risk for adrenal hemorrhage owing
to the relatively large size of their
adrenal glands and their resultant
increased vascularity.* Other factors
that increase the risk of hemorrhage
in neonates include the hormone re-
lease during the antenatal period and
changing pressures as the neonate
passes through the vaginal canal.®
Though some risk factors for
adrenal hemorrhage have been
reported, the etiology of bleeding in
many cases remains unknown. As
previously mentioned, physiologic
stress predisposes neonates to ad-
renal hemorrhage. Thus, acidemia,
asphyxia, septicemia, prolonged
labor, hypotension, and difficult de-
livery all increase the risk of adrenal
hemorrhage.® Additionally, male
gender and macrosomia have been
identified as risk factors, likely owing
to increased size of the newborn and
potential for stress during delivery.®
The presentation of neonatal
adrenal hemorrhage is variable and
nonspecific. Many neonates are as-
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Neonatal Adrenal Hemorrhage

PEDIATRIC RADIOLOGICAL CASE

Figure 1. (A) Longitudinal ultrasound (US) shows a 1.2 cm hypoechoic suprarenal mass (arrow). (B) Transverse US (arrow) shows no internal color
Doppler blood flow.

Figure 2. Longitudinal US performed 6 months
later shows that the hypoechoic suprarenal mass
(arrow) decreased in size, measuring 9 mm in its

longest diameter.

ymptomatic. The most common
presenting symptom in neonatal
adrenal hemorrhage is indirect
hyperbilirubinemia, resulting in
jaundice. Other common features
include anemia, pallor, flank mass,
and lethargy/hypotonia.! Scrotal dis-
coloration has been reported, with an
incidence of about 0.2%, and occurs

January / February 2024

either by dissection along the tissue
planes of the retroperitoneum outside
the processus vaginalis or by rupture
of the posterior peritoneum, resulting
in intraperitoneal hemorrhage and
descending within the patent pro-
cesses vaginalis.® As the adrenal gland
has significant regenerative capacity,
hemorrhage is typically not associat-

ed with adrenal insufficiency.*

Abdominal ultrasound general-
ly serves as the initial diagnostic
modality. Findings vary with the
age of the hemorrhage. Initially the
adrenal hemorrhage appears solid
and hyperechoic. As the clot lyses,
the echogenicity becomes mixed
with a central echogenic region
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that becomes cystic in appearance.
Calcification can develop as early as
1-2 weeks after onset of the bleeding.
The hemorrhage usually resolves by
about 2 months of age. Calcifications
remain visible on radiograph and CT.
The conspicuity of the calcification
on radiographs likely decreases as
the child grows into adulthood.

In the neonatal period, distinguish-
ing neuroblastoma from adrenal
hemorrhage is important. Imaging is
not always conclusive, since neuro-
blastoma can also present as a solid,
cystic, or mixed lesion exerting mass
effect on the upper pole of the kidney.
Doppler ultrasound can help distin-
guish the lesions. Neonatal adrenal
hemorrhage is often hypovascular or
has no blood flow, while neuroblas-
toma may have increased blood flow.
The shape of the lesions may also
help to distinguish neuroblastoma
from hemorrhage. Neuroblastoma
often appears mass-like, while the
adrenal gland may maintain its trian-
gular shape with hemorrhage.

There is no treatment for neonatal
adrenal hemorrhage, as most cases
spontaneously resolve. Standard prac-
tice is watchful waiting with serial

Applied Radiology

Neonatal Adrenal Hemorrhage

sonography performed at follow-up
to check for regression of the lesion.
If the lesion does not regress as
expected or increases in size, it may
be biopsied to exclude malignancy.?
Alternatively, neuroblastoma could
be confirmed with MIBG scan or the
presence of urine or serum cate-
cholamine levels.

Conclusion

Ultrasound remains the primary
modality for assessing and following
neonates with suspected adrenal
hemorrhage. Regression of the ad-
renal mass and absence of vascular
flow on color Doppler are the main
differentiating features of neonatal
adrenal hemorrhage from neuro-
blastoma. Though the symptoms of
neonatal adrenal hemorrhage are
variable and non-specific, the index
of suspicion should increase when a
neonate presents with unexplained
jaundice, anemia, or hypotonia.
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Bilateral Branchial Cleft Fistulae

PJ Preethi Philomina, MBBS; Vishwanath Vijay Joshi, MBBS; Jyotirmay Shyamsundar Hegde, MBBS

Case Summary

A young adult presented with
complaint of intermittent discharge
from small openings located over
both lateral aspects of the lower neck
since childhood. On examination,
two small openings were noted, one
on each side of the lateral aspect of
lower third of the neck along the ante-
rior border of sternocleidomastoid,
along with mildly inflamed margins
and mucopurulent discharge. No
opening was found in the oropha-

ryngeal cavity.

Imaging Findings

Intravenous contrast-enhanced
CT with additional 10 ml of diluted
contrast introduced through both
openings revealed bilateral linear
fistulous tracts in the neck with the
external opening in the skin at the
lower one-third of the sternoclei-
domastoid muscle, at the level of
C7-T1 (Figure 1). The tracts coursed
cranially along the anterior borders
of the sternocleidomastoid muscles,
anterior to the carotid spaces with
medial bends at the C3 level and
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passed between the internal and
external carotid arteries (Figure
2,3). The internal openings were
within the tonsillar fossae of the
oropharynx with contrast seen
pooling in the oropharyngeal lumen
(Figure 4). There was no abscess
formation. The patient underwent
surgery of complete excision of the
tracts (Figure 5).

Diagnosis

Bilateral second branchial cleft
fistulae. The differential diagnoses
include thyroglossal duct fistulae
and acquired fistulae second-
ary to infection.

Discussion

Mesodermal condensations pres-
ent in the side wall of the embryo-
logical pharynx give rise to branchial
arches and their pouches. Second
branchial arch and pouch anoma-
lies are common anomalies of the
branchial apparatus.! The anomalies
of branchial apparatus were first
described by Von Ascheron.?

During embryological develop-
ment, the branchial arch grows
caudally, enveloping the third,
fourth, and sixth arches and forming
the cervical sinus by fusing with skin
caudal to these arches. Normally the
edges of cervical sinus fuse and the

RADIOLOGICAL CASE

ectoderm within it regresses. Ab-
normal persistence of this ectoderm
gives rise to a cyst. The fistula results
from the breakdown of endoderm in-
ternally; most commonly this occurs
in the second pouch.?

While anomalies of the second
branchial cleft account for 90% of all
developmental abnormalities of the
branchial apparatus, complete sec-
ond arch fistulae are rare and com-
prise only 2%.* Branchial cysts and
simple sinus openings ending blindly
after a variable distance are more
common than branchial fistulae.®

Complete branchial fistulae with
an internal opening are very rare.
They are usually present at birth
with the tiny external opening often
going initially unnoticed and com-
monly presenting in childhood or
the second decade.

Intermittent or continuous mucoid
discharge and recurrent infection,
particularly following an upper re-
spiratory tract infection are common
presenting symptoms. Abscess with
cellulitis may also be a complication.
Owing to variability in the course of
the tracts and the need for complete
excision, preoperative radiologic
visualization of the tract is a prereq-
uisite to successful treatment.

Radiographic fistulograms show a
smoothly marginated tract with vari-
able width along the usual anatomic
course. Neck CT with administration
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Figure 1. CT axial section fistulogram images in bone window showing bilateral Figure 2. CT fistulogram coronal reformatted image in bone
external openings (arrows). window delineating course of bilateral fistulous tracts (arrows).

Figure 3. CT axial section fistulogram images in soft tissue window at the Figure 4. CT axial section fistulogram images in bone window at the
level of the bifurcation of the common carotid arteries showing bilateral tracts level of tonsils showing bilateral internal openings (arrows).
passing between the internal and external carotid arteries (arrows).
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of contrast through cutaneous open-
ings has been shown to be superior
for fistula demonstration, over non-
contrast or intravenous contrast-only
CT and conventional fistulogram.®’
However, contrast injected into the
fistula may not flow freely when

the tract is blocked by secretions or
granulation tissue.

The advantages of contrast-en-
hanced CT with a sinogram or fistu-
logram over conventional imaging
include the ability to reconstruct
images in multiple planes, including
curved reformations, to offer better
delineation of the tract in relation to
other neck structures; and accurate
depiction of the tract course to help
guide the surgeon.

A fistulogram can help confirm
the clinical diagnosis, to estimate the
length and course of the tract, to look
for an associated cyst.

The typical course of a second
branchial cleft fistula begins at the
external opening in the middle or
lower third of the neck along the
anterior border of the sternocleido-
mastoid muscle, runs deep to the
platysma across the carotid sheath,
taking a medial bend, and passes
between the internal and external
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carotid arteries before finally open-
ing into the tonsillar fossa.’

Surgery is the treatment of choice,
as these entities will not regress
spontaneously and there is increased
incidence of recurrent infections
due to the external communication.
Imaging assists in surgical planning
to facilitate complete excision of the
tract to prevent recurrence. Scleros-
ing agents carry the risk of necrosis
and perforation.

Recurrence, secondary infection,
hematoma, and injury to traversing
nerves or the internal jugular vein
and are examples of potential surgi-
cal complications.™

Conclusion

Lateral cutaneous openings with
discharge should raise suspicion
for branchial fistulae and radiologic
investigation. A CT fistulogram may
be valuable to guide surgery.
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Figure 5. Clinical images showing (A) left external opening (circle) preoperatively, (B) intraoperative procedure showing transcervical approach with
stepladder dissection, and (C) postoperative excised tracts.
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RADIOLOGICAL CASE

Epidural Lipomatosis

Faiz Syed; Mitchel Whorton, MD; Steven Lev, MD

Case Summary

An adult with a history of type II
diabetes mellitus, hypothyroidism,
COPD, asthma, and cervical cancer
presented with lower back pain exac-
erbated by walking and relieved with
rest. The patient described the pain
as 7/10 and associated with numb-
ness and tingling that radiated down
both legs but was more pronounced
in the right leg. Physical examination
revealed tenderness to palpation of
the lumbar paraspinal musculature
with muscle spasms. Pain was elic-
ited with 60 degrees of flexion of the
hips bilaterally. There was decreased
sensation to light touch in the right
lower extremity in an L3-L5 derma-
tomal distribution. Patellar reflexes
were 1+ bilaterally.

Imaging Findings

Magnetic resonance imaging of
the lumbosacral spine (Figures 1,2)
demonstrated prominent epidur-
al fat surrounding the thecal sac,
from approximately the L3 level and
inferiorly. Axial images, particularly
at the L4-L5 level (Figure 3), revealed
the fat causing deformation and
significant stenosis of the thecal sac.
The polygonal deformation of the
dural sac was a pathognomonic sign
of the condition.
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Diagnosis

Epidural lipomatosis. Clinical
differential diagnoses for typi-
cal symptoms include herniated
disc, narrowing of the spinal
canal, spondylolysthesis, and distal
polyneuropathy.

Discussion

Spinal epidural lipomatosis is
caused by an overgrowth of adipose
tissue in the epidural space. This
leads to narrowing of the spinal
canal and compression of neural
structures.! Patients may be asymp-
tomatic in the early stages of disease.
However, with progression and com-
pression of different regions of the
spinal canal, patients may present
with back pain, weakness, pares-
thesias, claudication, radiculopathy,
sensory disturbances, and/or ataxia.

Epidural lipomatosis is most often
associated with exogenous steroid
use. It is less common in patients
without steroid use secondary to obe-
sity or endogenous steroid excess. It
may also be idiopathic. Men are more
commonly affected than women.?

The most sensitive test for the con-
dition is MRI, particularly T1 where
the fat will be white. The pathogno-
monic “Y” shape polygonal defor-
mation of the dural sac is caused by
compression due to excess fat.? The
“Y” sign does not become apparent
until the disease is severe. Grading
of epidural lipomatosis (I, II, III) is
based on the epidural fat-to-spinal-
column index, with normal values

being less than 40%. The condition
is designated as Grade III when the
“Y” sign is first seen on MRI and the
epidural fat-to-spinal-column ratio is
greater than 75%.*

Epidural lipomatosis can be man-
aged with steroid taper and discon-
tinuation or with laminectomy and
epidural fat resection. Approximately
90% of cases are managed surgically,
which is considered in severe cases
or where conservative treatment has
failed.® Weight reduction strate-
gies can be beneficial in alleviating
patients with epidural lipomatosis
secondary to obesity.® Clinical trials
have not been conducted to compare
outcomes of conservative and surgi-
cally managed cases.?

Conclusion

Epidural lipomatosis has the poten-
tial to cause spinal stenosis, which can
be diagnosed with MRI. Imaging de-
termines extent to which epidural lipo-
matosis has affected the spinal canal
and can facilitate surgical planning.
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Figure 1. Sagittal T1 (A) and T2 (B) MRI of the lumbosacral spine demonstrate prominent epidural fat (arrow) surrounding the thecal sac and cauda
equina and extending inferiorly beginning at approximately L3 level.

Figure 2. Axial T1 MRI at the L4-5 level
demonstrates prominent fat in the epidural
space surrounding the spinal column (arrow).
There is resultant compression with polygonal
deformation of the thecal sac, characteristic
of this entity.
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