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16 Challenges of Workflow Optimization 
in Mammography
Alexander M. Satei, MBBS; Cory Z. Trivax, MD

Despite steady improvements in the daily 
workflow among breast technologists and 
radiologists, technical and practical challenges 
remain. To overcome these hurdles, several 
tools can bolster mammography workflow, 
including PACS, universal templates, cancer 
risk assessment models, resident-specific 
improvements, and artificial intelligence.

20 Optimizing Monitoring of Pulmonary 
Airway Interventions with Digital 
Tomosynthesis
Lauren Hahn, MCR, RT; Shannon Sullivan, MD; 
Benjamin Young, MD; N. Scott Howard, MD, MBA; 
Lisa Youngblood, RT; Kathleen Thaler, RT;  
Jennifer Sposato, RT; Victoria Uram, MPH;  
Robert Gilkeson, MD; Ariel Godel, BS 

Technological advances in interventional 
pulmonology and radiology have increased the 
need for accurate, reliable methods of following 
patients undergoing interventions, particularly 
airway interventions. While conventional 
radiography and CT are common techniques 
used to follow patients in the perioperative 
setting, digital tomosynthesis has been shown 
to be a low-cost, relatively low radiation dose 
technique that has enhanced diagnostic value 
compared with conventional radiography.

5 A Practical Guide to Wireless Breast 
Localization Devices 
Jessica J. De Sabato, MD; James Kim, BS;  
Saadiya Sehareen, DO; Nina Vincoff, MD;  
Sofya Kalantarova, MD 

Until recently, wire-guided localization was the 
gold standard for preoperative localization of 
nonpalpable breast cancers, a technique prone 
to unique complications and challenges. Wireless 
localization devices such as radioactive seed 
localization, the Scout, the LOCalizer, the EnVisio 
navigation system, and Magseed, can help avoid 
these limitations. This review article describes 
techniques, advantages, and limitations of each.
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EDITORIAL

The Good Ol’ Days?
Erin Simon Schwartz, MD

Another academic year has begun and, I have to be honest, I worry about those transitioning
from training to practice. At the risk of offending Doug Phillips (Isn’t mimicry the highest form of
flattery?1), we want them to be “doing that good work”— but are we setting them up for success?

Back when I was a resident (the worst stories always start like that), around the time Roentgen
was retiring, there was no such thing as an attending radiologist in house overnight. While
perhaps less than ideal, one thing we were unequivocally forced to learn is how to “make the
call.” Writing down those impressions and moving to the next case, knowing that an attending
radiologist would not review those images for 6-12 hours and that the care team would act on our
interpretation, was terrifying and nearly impossible.

Now pressures are even more immense for rapid radiology interpretations, and images per
study have increased exponentially. Many centers have an attending radiologist actively working
with and overseeing trainees 24/7/365, albeit sometimes virtually. This means, for many trainees,
their first opportunity to be the sole arbiter of image interpretation comes during their first days
in their first “real job.”

This massive professional stressor also often coincides with many life stressors — relocation,
home purchase, relationship changes, caregiving responsibilities, and so forth — it’s a recipe for
overwhelm.

What’s the solution? I wish I knew.
The old way taught me a great deal. Although it was likely suboptimal for the patients on

evenings I worked alone, in the long run did it better equip me for the demands of a radiology
career? Maybe.

Or maybe demands on radiology have increased such that even the most experienced and
capable (including folks far faster and more knowledgeable than I am) feel overwhelmed. So how
can we expect those coming out of training to survive, let alone, thrive?

I don’t have a good answer. But know that if you are a junior or even a newly minted attending,
you are not alone. Reach out to your colleagues and mentors when you have questions. Take time
to support your own wellness. And know that it will get better.

Transitions
At Applied Radiology (AR), we are delighted to welcome a new leader to our editorial team!

Sharon Breske is certainly not new to the Anderson Publishing family as she has been the
outstanding managing editor of our sibling publication, Applied Radiation Oncology (ARO), for
many years. Sharon is now the editorial director of AR as well as ARO, and I am thrilled to have
the opportunity to work more closely with her. She brings a wealth of expertise to AR, and we
appreciate having her on our team now, too.

1Actually, the original quote from Oscar Wilde is “Imitation is the sincerest form of flattery that
mediocrity can pay to greatness.” Read into that what you will. And thank you for reading all the
way to the footnote.

Published: August 1, 2024. https://doi.org/10.1016/10.37549/AR-D-24-0022
©Anderson Publishing, Ltd. All rights reserved. Reproduction in whole or part without express written permission is strictly prohibited.
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A Practical Guide to Wireless Breast Localization Devices

Description
Until  recently,  wire-guided
localization  was the  gold  standard
for  preoperative  localization  of
nonpalpable  breast  cancers,  a
technique prone to  unique
complications  and challenges,
including wire  dislodgement  or
migration,  interference with  the
dissection  route,  and the  need
for  coupling  radiology  and surgery
services.  Wireless  localization
devices  such as  radioactive
seed localization,  Scout,  LOCal-
izer,  EnVisio  navigation  system,
and Magseed can help  avoid
these limitations.  This  activity
is  designed to  educate  radiolog-
ists  about  wireless  localization
devices,  including their  techni-
ques,  advantages,  and limitations.

Learning Objectives

Upon completing this activity, the
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• Understand the advantages
of wireless-guided localization
techniques vs wire-guided
techniques.
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localization devices.

• Learn about common wireless
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their limitations and deployment
mechanisms to incorporate their
use into practice.
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A Practical Guide to Wireless Breast
Localization Devices
Jessica J. De Sabato, MD; James Kim, BS; Saadiya Sehareen, DO; Nina Vincoff, MD; Sofya Kalantarova, MD

Introduction
Despite the increasing incidence

of breast cancer in the US, the
5-year survival rate for all stages
of breast cancer approaches 91%,
with more than 4 million breast
cancer survivors living in the US.
Breast-conserving surgery with or
without adjunct endocrine therapy,
chemotherapy, and/or radiation has
become the standard of care for
noninvasive and localized invasive
breast cancers. For breast-conserv-
ing surgery to be successful, that
is, have clear margins with an
acceptable cosmetic result, it is
essential that the cancer be localized
accurately.

Until recently, wire-guided
localization was the gold-standard
technique for preoperative
localization of nonpalpable breast
cancers and entails anchoring a
flexible wire to a lesion under
image guidance, usually on the
morning of surgery. With 1 end
anchored to the lesion and the
other end protruding from the
patient’s breast, the patient would
be transferred from radiology to the

operating room (OR) for surgery.
This technique is prone to unique
complications and challenges,
including wire dislodgement or
migration, interference with the
dissection route, and the need
for coupling radiology and surgery
services. Wireless localization
devices can avoid these limitations.

Initial alternative nonwire
localization techniques involved
tagging the lesion with radioactive
material that would then be
detected in the OR with gamma
cameras. However, these methods
come with their own unique set
of challenges related to the use
and management of radioactive
materials.1,2 Recently, nonradioactive
localization methods have been
introduced and use various
techniques such as RADAR (Scout,
Merit Medical), magnetic seed
localization (Magseed, Endomag),
and radiofrequency identification
(RFID) tagging (LOCalizer, Hologic;
EnVisio, Elucent Medical).

This article aims to review
the wireless localization devices
commonly used at our
institution, including the techniques,
advantages, and limitations. Of note,
other wireless localization devices
are on the market but will not
be discussed here. These include
Pintuition (Sirius Medical), MOLLI

(MOLLI Surgical Inc.), and TAKUMI
(Matrix Cell Research Institute Inc.).

Radioactive Seed Localization
The first of the nonwire

localization techniques discussed is
radioactive seed localization, which
most commonly uses iodine-125
(I-125)-labeled radioactive seeds. The
5-mm titanium radioseeds contain
a maximum amount of 0.3 mCi
of I-125 and are detected in the
breast via a handheld gamma
counter.2 The radiologist places them
in the breast up to 5–7 days
before surgery under ultrasound
or mammographic guidance. The
seeds are preloaded in an end-
deploy needle and advanced to the
target lesion percutaneously under
image guidance. The deployment
mechanism and lengths of the
needle vary based on vendor.
Multiple radioseeds can be placed in
the same breast either for bracketing
a single lesion or localizing multiple
lesions. On the day of surgery, the
surgeon precisely locates the seed
using a gamma probe.

The surgeon can concurrently
detect technetium-99mm for lymph
node mapping, a unique advantage
of the radioseed localization.
Compared with wire-guided
localization, there is a lower

Affiliation: Donald and Barbara Zucker School of Medicine
at Hofstra/Northwell, Katz Institute for Women’s Health,
Northwell Health, New Hyde Park, NY.

Published: August 1, 2024. https://doi.org/10.1016/10.37549/AR-D-24-0001
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incidence of positive margins and
decreased need for repeat surgery.3

The  major  disadvantage  of
this  technique  is  the  regulatory
challenges  associated  with  the  use
of  radioactive  material,  including
the  need  for  oversight  by  a
radiology  safety  officer  and  proper
facility  licensing.1,2

Impulse-Reflecting System
The  Scout  (Merit  Medical)

wireless  localization  device  uses
radar  to  locate  the  precise  location
of  a  breast  tumor  via  an

implanted  1.2-cm  reflector  and  a
handheld  micro-impulse  generating
probe  (Figure  1).  Using  ultrasound
or  mammographic  guidance,  the
reflector  device  is  placed  prior  to
surgery  to  mark  the  soft  tissue
intended  for  surgical  removal.
The  reflector  comes  preloaded  in
a  single-use  deployment  device
consisting  of  a  handpiece  attached
to  a  16-gauge  introducer  needle
of  various  lengths  (5  cm,  7.5
cm,  and  10  cm).  After  the
target  is  identified  on  imaging,
the  needle  can  be  percutaneously
advanced.  Once  the  needle  tip  is

confirmed  to  be  at  the  desired
target,  the  Scout  reflector  can  be
deployed.  The  introducer  needle  is
then  removed,  and  the  radiologist
uses  a  console  to  confirm  the
placement  of  the  reflector  and
its  signal.  Postplacement  imaging
with  a  2-view  mammogram  is
recommended  (Figure  2).  No
patient  aftercare  is  required,  and
the  reflector  can  be  left  in  situ
indefinitely.  Multiple  devices  can
be  placed  in  the  same  breast.4

On  the  day  of  surgery,  the
surgeon  uses  a  micro-impulse-
generating  probe  to  scan  the

Figure 1. The Scout deployment devices are shown in (A). Radiology Scout console and probe (B) used to detect the wireless radar device once placed
in the breast.

Figure 2. Ultrasound image (A) of the target
lesion, a biopsy proven intraductal papilloma
at 11:00 in the right breast, 1 cm from
the nipple, marked by a ribbon marking clip.
Scout 16-guage introducer needle (B), which
was inserted percutaneously and advanced to
the target lesion under ultrasound guidance.
Inserted Scout localization device (C) after
deployment and retraction of the needle. Cranial
caudal (CC) and mediolateral oblique (MLO)
mammographic views (D and E) of the right
breast confirm the placement of the Scout
localization device. The specimen radiograph (F)
of the lumpectomy tissue showing the Scout
device and biopsy clip within the specimen.
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breast  and  find  the  precise
location  of  the  reflector.  The
reflector  contains  2  antennas  that
signal  back  to  the  probe.  This
signal  is  then  processed  by  the
console,  which  provides  real-
time  directionality  and  proximity
information  via  audible  and  visual
cues  to  guide  the  surgeon  during
dissection.  The  probe  can  detect
the  location  of  the  reflector  at
a  maximum  depth  of  6  cm.  The
radiologist  can  use  the  handpiece
and  console,  if  available,  to
confirm  the  placement  of  the
reflector  after  implantation.

Compared  with  wire-guided
localization,  the  Scout  radar
localization  system  results  in
statistically  significant  lower
re-excision  rates  and  positive
margins.5  The  Scout  reflector  also
has  an  advantage  over  other
nonwireless  localizers  due  to  its
smaller  MR  artifact.6  The  Scout
reflector  produces  minimal  signal
void,  whereas  the  Magseed  and
Loc  RFID  tag  produce  2-6  cm  and
2  cm  of  signal  void,  respectively
(Figure  3).  When  patients  are
newly  diagnosed  with  breast
cancer,  they  may  need  to  undergo
additional  imaging  with  MR  to
assess  the  extent  of  the  disease.7

Additionally,  if  a  patient  is  treated

with  neoadjuvant  chemotherapy,
MR  may  be  considered  to  evaluate
treatment  response.  The  minimal
MR  artifact  of  the  reflector  makes
it  a  feasible  option  for  localization
of  lymph  nodes  in  the  neoadjuvant
setting8  (Figures  4,  5).

Merit  Medical  recently  received
FDA  approval  for  the  Scout  Bx
delivery  system,  which  allows  the
Scout  reflector  to  be  placed  at  the
time  of  stereotactic  or  MRI-guided
biopsy.  This  newer  device  is
MR-compatible  with  an  end-deploy
mechanism  and  can  be  used  with
most  biopsy  devices.

A  disadvantage  of  the  Scout
localization  device  is  disruption
of  the  signal  when  placed
within  a  hematoma  or  calcified
fibroadenoma.9  Also,  the  device
cannot  be  detected  at  depths
greater  than  6  cm,  limiting
its  use  in  deep  lesions.
Owing  to  its  shape,  the  Scout
device  can  be  more  difficult
to  deploy  than  the  alternative
wireless  localization  devices.
Additionally,  if  either  antenna
is  damaged  during  deployment,
issues  detecting  the  signal  may
occur.  Contraindications  to  placing
a  Scout  localizer  include  a  nickel
allergy  and  the  presence  of  a
pacemaker  (Table  1).

Radiofrequency Identification
Systems

The  LOCalizer  (Hologic)  wireless
device  uses  unique  RFID
numbered  tags  to  localize
breast  lesions.  The  tags  are
approximately  10.6  mm  ×  2  mm
with  a  polypropylene  cap  to
prevent  migration  postimplantation
(Figure  6).10  Each  tag  is  preloaded
into  a  12-gauge,  stainless  steel
needle  (5  cm,  7  cm,  or
10  cm).  Under  sonographic  or
mammographic  guidance,  a  tag
is  inserted  proximal  to  the  focal
tumor  within  6  cm  of  the  breast
surface  by  depressing  the  tag
applicator’s  plunger  and  removing
the  safety  lock  (Figure  7).  If  more
than  1  tag  is  placed,  they  must
be  placed  at  least  2  cm  apart
to  reduce  RFID  signal  interference
during  tag  localization.  Each
device  has  a  distinct  signal,  and
the  console  displays  the  unique  ID
number  of  each  tag.  To  localize
the  tag  on  the  day  of  surgery,
the  single-use  surgical  probe  plugs
into  a  handheld  reader,  which
displays  the  distance  to  the
tag  in  millimeters  and  emits
audible  cues.11  The  small,  portable,
handheld  reader  device  is  a
unique  advantage  of  the  LOCalizer

Figure 3. MR susceptibility artifact produced by the Scout, Magseed and LOC localization devices. Axial MR image (A) showing a small amount of
susceptibility artifact emanating from the Scout localization device in the right axillary region. Note the susceptibility artifact in the left chest wall from
the patient’s subcutaneous port. Axial MR (B) from a different patient showing a 6-cm signal void artifact stemming from a first-generation Magseed
localization device in the right breast. Newer, second-generation Magseed devices produce less artifact, about 2-4 cm. Axial Vibrant MR image (C) from
a third patient showing the susceptibility artifact associated with the LOC wireless localization device in the left axillary region.
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device.  The  size  of  the  tag,
however,  poses  disadvantages  to
this  system  over  the  alternatives.
The  larger  tag  requires  a
larger  deployment  needle.  To
prevent  skin  deformations,  a
small  preplacement  skin  incision
is  needed.12  When  placed  in
superficial  lesions,  intraoperative
migration  is  a  risk.13

The EnVisio navigation system
(Elucent Medical) is another
common RFID tag system for
wireless localization. This system
allows deployment of up to 3
different colored SmartClips, each
measuring 1.4 mm × 8 mm
(Figure 8). Under mammographic
or ultrasound guidance, a SmartClip

can be placed at any time prior to
surgery using a preloaded 15-gauge
deployment device, available in
lengths of 5 cm, 7.5 cm, and
10 cm. The deployment device
has an unlock-and-slide deployment
to insert the preloaded SmartClip,
which can be placed in the breast
indefinitely (Figure 9). On the
day of surgery, the patient lies
on an EnVisio Patient Pad for
the surgeon to localize the signal
of each SmartClip using a single-
use NavSlim transducer attached
to an electrocautery device. Each
SmartClip emits a unique number
that can be detected by a transducer
on the surgeon’s electrocautery
device, providing coordinates in 3

planes. The single-use, attachable
transducer prevents the need for
sterilization between use, decreases
possible high costs of maintenance,
and reduces surgical clutter.

A potential disadvantage of the
EnVisio Surgical Navigation System
is the smooth exterior coating
of each SmartClip, decreasing its
ability to anchor to its surroundings.
However, 1 study found that
this posed no significant risk of
postplacement migration.14 Another
limitation is that the patient must
remain in the supine position
throughout the operation to stay
within the boundaries of the EnVisio
Patient Pad. Alternative positions
may disrupt the localization signal.

Figure 4. Localization of
an axillary target. Target
metastatic lymph node (A)
in the right axilla, marked
by an S-shaped marking clip.
Scout localization device (B)
inserted at the target. Post
MLO mammographic view (C)
of the right breast confirms
placement of the localization
device. Specimen radiograph
(D) showing both the Scout
and biopsy clip within the
resected tissue.
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Furthermore, an active cardiac
device may interfere with the
signal from the electromagnetic
pad, although the cardiac device
may be deactivated with a magnet
during the operation. In addition,

the Patient Pad precludes the use
of certain intraoperative equipment,
such as padding for prolonged
operative cases. Lastly, although
SmartClips are MRI safe, they create
a 2-cm signal void artifact.

Magnetic Localization System
Magseed (Endomag) is a 5

mm × 1 mm paramagnetic wireless
localization device made of medical-
grade stainless steel and iron oxide

Figure 5. MR images of a patient status post biopsy of a left breast mass and axillary lymph node revealing metastatic breast carcinoma. Initial MR
images (A, B) showing multiple left axillary lymph nodes, including the enlarged biopsy-proven metastatic lymph node marked by a biopsy marking clip
as seen in (A). Repeat imaging 3 months later (C, D) after undergoing neoadjuvant chemotherapy and interval Scout localization of the biopsy marking
clip in the left axilla, showing that the left axillary lymph nodes have decreased in size and the biopsy-proven metastatic node has normalized.
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(Figure 10). The seed is preloaded
in an 18-gauge deployment device,
available in lengths of 7 cm or 12 cm,
and can be placed under ultrasound
or stereotactic guidance. Similar to
the other wireless devices, multiple
Magseeds can be placed within the
same breast. After the target is
visualized on imaging, the Magseed
needle is advanced percutaneously
to the target, and then deployed
via a 1-step push mechanism.
Placement is confirmed using 2-view
mammography (Figure 11). On the

day of surgery, the surgeon detects
the Magseed via the SentiMag
probe, which generates a temporary
magnetic field. The Magseed is
transiently magnetized and the
SentiMag displays the distance of the
Magseed to the probe in millimeters
while providing audible cues.

Magseed  has  a  99.9%  successful
localization  rate.15  Compared  with
wire-guided  localization,  it  is
more  successful  in  terms  of
index  lesion  removal  and  fewer
failed  localizations.  It  has  no

significant  difference  in  terms
of  identification  rates,  re-excision
rate,  specimen  size  and  weight,
and  lesion-to-specimen  size  ratio.16

The major advantage of this
system is its deployment device,
which is the thinnest on the market
and has a 1-step mechanism, which
is likely more comfortable for
patients. The SentiMag probe can
also be used to localize sentinel
lymph nodes through Magtrace.
Magtrace is a nonradioactive
superparamagnetic iron lymphatic

Table 1. Breast Localization Devices

LOCALIZATION
SEED

DEPLOYMENT
DEVICE

SEED SIZE DEPLOYMENT
DEVICE SIZE

MR ARTIFACT MAMMOGRAM
APPEARANCE

CONTRAINDICATIONS

Scout (Merit
Medical) Radar
Reflector

12 mm 16-Gauge; 5
cm, 7.5 cm, 10
cm

Minimal signal
void on MR

Nickel allergy,
presence of
pacemakers,
evidence of infection

Magseed
(Endomag)
Magnetic Seed

5 mm 18-Gauge; 7
cm or 12 cm

4-6 cm signal
void on MR

Nickel allergy,
presence of
pacemaker, clinical
evidence of infected
tissue.

LOCalizer
(Hologic)
Radiofrequency
ID Tag

11 mm 12-Gauge; 5
cm, 7 cm, 10
cm

~2 cm of
signal void on
MR

Clinical evidence of
infected tissue

Smartclip
(Elucent)
Radiofrequency
ID Tag

8 mm 15-Gauge; 5
cm, 7.5 cm, 10
cm

~2 cm of
signal void on
MR

Active cardiac
device, clinical
evidence of infected
tissue
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Figure 6. Single tag (10.6 mm × 2 mm) (A) that may be inserted into a breast to localize a lesion, each with a unique radiofrequency identification
(RFID) number for localization. Twelve-gauge, stainless steel needles (B) in 3 lengths (5 cm, 7 cm, 10 cm) to insert the tags into the breast. Integrated
reader, loop probe, and pencil-shaped surgical probe (C). The reader is a digital screen that shows the distance from the probes to each tag in
millimeters, along with its unique RFID number. The loop probe (the circular shape on top of the reader) is integrated into the reader to confirm tag
placement. The pencil-shaped surgical probe (attached to the reader by a wire) localizes each tag during surgical excision.

Figure 7. Ultrasound-guided localization of a biopsy-proven invasive ductal carcinoma, marked by a biopsy clip, with a Hologic LOC device. Target
marked by a clip (A). Deployed LOC device with the needle still in site (B), which was subsequently removed (C). Post-MLO mammographic view (D) of
the right breast confirms the position of the wireless LOC device in the upper breast. Perioperative radiograph of a specimen (E) from another patient
shows both the LOCalizer and biopsy clip within the resected tissue.
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tracer that can be used in place of
traditional radioisotope tracers for
localizing sentinel lymph nodes.
Magseeds can be placed within a
lymph node prior to neoadjuvant
chemotherapy for targeted axillary
dissection.17 However, its 2-6-cm
signal void artifact on MR limits its
utility in this setting.

Given this significant signal void,
individual Magseeds within the

same breast would need to be
placed at least 2 cm apart for
accurate detection on MR. A major
drawback of the Magseed system is
that intraoperative equipment such
as electrocautery or paramagnetic
surgical equipment can interfere
with the electromagnetic signal
and must be removed from
the operating field. Nonconductive
surgical tools must be used,

and if there is interference with
conductive surgical instruments,
the SentiMag probe requires
recalibration.18

Conclusion
Wireless localization devices are

replacing wire-guided localization
and radioactive localization methods
to guide breast-conserving surgical

Figure 8. Fifteen-gauge SmartClip unlock-and-slide deployment devices of differing lengths (5 cm, 7.5 cm, 10 cm) (A) to insert the SmartClips into the
breast. Single-use NavSlim transducer (B) attached to an electrocautery device to localize each SmartClip. Heads Up Display (C) providing real-time
navigation during localization of each SmartClip, providing coordinates in 3 planes: medial/lateral, superior/inferior, and anterior/posterior (x, y, z).
EnVisio Patient Pad (D) generates electromagnetic waves that detect the implanted SmartClip.
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treatment of breast cancer. While not
all commercially available devices
have been included, a variety

of options have been presented,
including their comparable technical
specifications, advantages, and

limitations. Breast imagers and their
patients will benefit from familiarity
with these devices.

Figure 9. Placement of 3 SmartClips under mammographic guidance. CC mammographic view (A) of the left breast showing 3 separate targets of
calcifications, the most anterior of which is marked by a biopsy-marking clip and pathologically proven to be ductal carcinoma in situ. Three separate
deployment needles in place (B). Post-CC view (C) of the left breast confirms the position of all 3 SmartClips, denoted by their corresponding colors.
Specimen radiograph of the lumpectomy tissue(D), showing all 3 clips and the targets calcifications within the specimen.
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Figure 10. Magseed wireless localization device (A), the
deployment needle (B), and the SentiMag probe and
console (third generation) used to detect it (C).
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Challenges of Workflow Optimization
in Mammography

Alexander M. Satei, MBBS; Cory Z. Trivax, MD

Introduction to Breast Imaging
Workflow

Over the last few decades,
radiology workflow has changed
significantly, fundamentally altering
the day-to-day workload of
radiologists. With the advent of the
picture archiving and communica-
tion system (PACS) and transition to
digital imaging, most changes have
improved efficiency of the average
radiologist.1,2 Despite this, many
technical and practical challenges
remain when interpreting radiology
studies beyond the complexity of the
case. Therefore, attempts to improve
daily workflow remain, especially in
breast imaging.

Workflow Differences Between
Diagnostic and Screening
Examinations

The process of completing a
diagnostic breast examination is

a complicated act, with multiple
participants and moving parts. This
is a phased examination involving
many steps, where the images
are obtained, the radiologist is
consulted for their interpretation,
and recommendations for further
imaging or follow-up are made, all
in the same visit. Similar steps
are taken at most institutions for
a complete diagnostic examination,
illustrated in Figure 1.

This process allows for
examination results to be
communicated to the patient prior
to discharge from the facility. To
facilitate the prompt interpretation
of diagnostic studies, coordination
between the radiologist and the
technologist must be precise, which
is difficult in real-life practice. If
an issue arises in the steps above,
workflow will be disrupted and
examination outcome delayed.

In comparison, screening
examinations do not require as
much immediate oversight. By
definition,  if  further imaging
is required, a Breast Imaging-
Reporting and Data System
(BI-RADS) score of 0 can be
assigned and the patient can
be brought back for additional
imaging. Therefore, screening
mammograms are triaged as the

least urgent examination in breast
imaging, with priority given to
diagnostic studies and procedures.
As a result, it  is not uncommon to
see screening mammograms from
the prior week on a worklist,
especially in busy centers. The
Mammography Quality Standards
Act (MQSA), which is the federal
standard of care, allows for 30
days when reporting the results of
screening studies.

Despite this, patients undergoing
screening mammography have
shown a preference for obtaining
results within 48 hours or even
waiting at the breast imaging center
for their results.3 Additionally, if the
results of screening mammograms
are communicated on the same day,
in a similar fashion to diagnostic
studies, nearly half of the patients
would be more satisfied with
their cancer screening experience.4

Obtaining results within a short
period reduces anxiety and improves
compliance with future annual
screening studies.5

How Do We Optimize Breast
Imaging Workflow?

Efforts  to maximize workflow
when reading from the breast
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imaging list have been underway,
many of which apply to all imaging
modalities and subspecialties; these
are known as global workflow
changes. Most initiatives specific  to
breast imaging apply to screening
mammograms, which make up the
bulk of studies interpreted at our

breast center, although some also
extend to diagnostic examinations.

Global Workflow Changes

Single PACS. Imaging studies from
outside institutions, including those
performed at satellite facilities,
are shown on a single list. This

minimizes interruption from logging
into multiple PACS in a day.

Prior studies. Prior relevant
studies are automatically pulled
by the system for comparison,
reducing the time a radiologist
spends searching for prior studies
individually. However, it is worth

Figure 1. Steps involved in completing a diagnostic mammogram
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noting that errors can occur
when PACS automatically retrieves
prior studies.

Universal templates. Many of
our radiologists use a universal
template for reporting a wide
variety of imaging studies. Those
utilized by our breast radiologists
include the information required per
BI-RADS standards, with autofilled
fields for the date, type of study,
reason for examination, individual
and familial risk factors, available
comparison studies, technique,
findings that include a description
of the breast composition (eg,
“The breasts are extremely
dense, which lowers sensitivity
of mammography”), impression,
BI-RADS assessment category,
and follow-up recommendation.
The use of universal templates
bolsters reporting efficiency,
while simplifying and improving
consistency of results for requestors
and patients.

Workflow Changes Specific to
Mammography

Cancer risk assessment models.
The use of a cancer risk assessment
model is included in the report
and the patient’s electronic medical
record (EMR) for the radiologist
to review. At our institution, the
Gail model is used as it is one
of the earliest prediction tools of
its kind and has been used by
radiologists to stratify individual
patient risk. Modified versions of
the Gail model have been released
since its inception, with changes
made to improve its application
to non-white patients. The model
remains insensitive to patients with
BRCA mutations and a personal
history of cancer.

Trainee-specific improvements.
Radiology residents and fellows can
mark which studies on the PACS
they have dictated, thus alerting the
attending physician to not initiate
a report on the same study. This

step prevents confusion since the
attending physicians and trainees
read from the same list. Reviewing
cases with the trainee can occur in
batches after a certain number of
cases have been sent to the attending
radiologist. For example, depending
on the trainees’s level of training,
an attending physician may opt to
review 10 cases at a time with
a trainee, minimizing interruptions
while focusing educational efforts.

Artificial  intelligence.  The
use  of  artificial  intelligence
(AI)  detection  software  for
interpreting  mammograms  has
been  an  ongoing  effort.  Computer-
aided  detection  (CAD)  can  help
radiologists  detect  abnormalities
in  mammography.  However,  this
technology  is  still  relatively  new,
and  its  ability  to  contribute
consistently  is  questionable.  CAD
has  been  shown  to  demonstrate  a
high  false-positive  rate.6

Many of these initiatives
are used at other institutions
successfully, improving efficiency
when reading mammograms. In
one study, similar workflow
changes were made: the worklist
was consolidated, trainees had
cases assigned to them, and efforts
were made to improve paperwork
upload time. The study found a
significant reduction in the average
time spent on each study and
report turnaround time.1

Obstacles in Optimizing
Mammography Workflow

The biggest hurdle in the breast
imaging workflow involves the
real-time radiologist review of
diagnostic examinations. This is
more striking given the relative
complexity of completing a diagnostic
mammogram, as compared with a
screening study. Issues can arise
at any of the steps outlined in
Figure 1, preventing the successful

review and dictation of the diagnostic
examination. Therefore, any changes
made to streamline diagnostic
workflow will benefit the radiologist,
technologist, and patient.

At our institution, we have
made new efforts to reduce
workflow interruptions by using
the EMR to communicate when
diagnostic examinations require
review. Using the EMR, the
technologist sends a message to
the radiologist, including the name
of the patient and the reason for
the examination, at which point
the radiologist reviews the images
and provides recommendations.
The goal of this initiative is
to reduce in-person interruptions,
exemplifying an ongoing attempt
to optimize workflow wherever
possible, although its effectiveness
has yet to be definitively proven.

Improvements in dictation
efficiency of screening studies have
also been pursued. For example,
institutions have implemented the
use of AI triage software to establish
efficient screening mammogram
worklists.7 Examinations given high
AI scores for cancer detection are
placed in an enhanced assessment
stream where they receive a more
prompt evaluation by the radiologist.
The ultimate goals of such an
initiative is to convert a positive
screening study to a diagnostic study
in real time or potentially reduce
the need for a radiologist review
of studies considered negative by
AI; in this study, AI did not miss
cancer in women with the lowest
60% of scores.7 However, currently,
all mammograms require review by
radiologists, given the developing
nature of this technology and
possible medicolegal implications of
using this type of algorithm.

From the patient’s perspective,
another potential area for
improvement involves the timing
between the diagnostic examination
and biopsy. Despite the significant
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stress and importance related to
these procedures, clearly defined
MQSA standards are lacking
regarding the timeliness of breast
biopsy.8 Ideally, the diagnostic
examination and biopsy would
be performed on the same day.
However, currently, the average time
from diagnostic imaging to biopsy
is approximately 7 days, although
these wait times have significantly
decreased over the past 15 years.9

The Future of Breast Imaging
Workflow

The last few decades have
demonstrated steady improvements
in the daily workflow among
breast imaging technologists and
radiologists, which have enhanced
patient care, timeliness, and
availability of examination results.
Future advances involving the use of
the EMR and AI software integration,
for example, will continue to boost
overall satisfaction of the patient—
and the radiologist.
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Kathleen Thaler, RT; Jennifer Sposato, RT; Victoria Uram, MPH; Robert Gilkeson, MD; Ariel Godel, BS

Introduction
With its wide availability, low

cost, and low radiation dose, the
chest radiograph remains the most
performed radiographic procedure
worldwide. Despite its ease of use,
the chest radiograph has diagnostic
limitations. The 2D planar acquisition
of the chest radiograph limits the
spatial delineation of the complex 3D
structures within the thorax. The wide
latitude and dynamic range of the
chest radiograph can also preclude
the differentiation of the complex
tissue pathologies contained within
the thorax.1

More  recent  advances  in  the
detection  of  cardiothoracic  disease
have  been  made  possible  with  the
incorporation  of  flat-panel  detector

technology  in  chest  radiography.
The  flat-panel  detector  enables
several  advances:  it  improves
contrast  independent  of  exposure
level,  the  availability  of  image
data  in  electronic  form,  and
the  ability  to  acquire  multiple
images  in  rapid  sequence.1

Sequential  image  acquisition
capability  made  possible  with
flat-panel  detectors  has  enabled
2  important  technologies  in
chest  radiography:  dual-energy
subtraction  radiography  and  digital
tomosynthesis.

While first proposed as a
technology in the 1950s, dual-
energy radiography was only
first performed in the 1980s.2

Early literature with dual-energy
radiography demonstrated improved
detection of lung nodules compared
with conventional radiography.3

Utilizing flat-panel technology,
dual-energy subtraction was enabled
with a sequential dual exposure
of high- and low-energy x-
ray acquisitions.4 Dual-energy
radiography has also been reported
to better delineate calcified
from noncalcified structures.5 This
improved delineation has also
enabled a better depiction of a large

range of calcified cardiovascular
structures.6

The  rapid  sequential  acquisitions
made  possible  with  flat-panel
technology  have  more  recently
enabled  the  adoption  of
another  advanced  imaging
technique,  digital  tomosynthesis.
This  advanced  application
has  demonstrated  improved
detection  of  breast  cancer,7

orthopedic  pathology,8  and
urological  imaging.9  In  the
thorax,  digital  tomosynthesis
has  demonstrated  improved
pulmonary  nodule  detection.10

Further  reports  have  compared
pulmonary  nodule  detection
between  conventional  radiography,
dual-energy  radiography,  and
digital  tomosynthesis.  Digital
tomosynthesis  demonstrated  clearly
superior  performance  compared
with  dual-energy  and  conventional
acquisitions.11  Simultaneously,
chest  tomosynthesis  has  the
radiation  dose  equivalent  of  2
posteroanterior  and  lateral  x-rays;
therefore,  the  average  dose  of  a
digital  tomosynthesis  examination
is  0.3-0.4  mSv.  Compared  with
a  diagnostic  chest  CT,  typically
4-8  mSv,  the  average  chest  digital
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tomosynthesis  dose  is  5%-10%  that
of  a  diagnostic  chest  CT.

Advancements in dual-energy
radiography and digital
tomosynthesis have also further
improved visualization and
evaluation of the airways.12,13 The
focus of this review is the
enhanced capabilities of digital
tomosynthesis in the assessment of
suspected airway disease. In addition
to effectively detecting airway
stenosis, digital tomosynthesis
proves valuable in the evaluation
and management of patients
with suspected airway disease,
including the improved detection
of airway stents and endobronchial
valves (EBV).

Postintubation Tracheal
Stenosis

During the peak of the COVID-19
global pandemic, reports from
regions that were more profoundly
affected by COVID-19 found that up
to 88% of critically ill patients with
COVID-19 required endotracheal
intubation for a median of 18 days.14

The complications of prolonged
or repeated intubation and
endotracheal cuff overinflation have
been well documented, including
tracheal ischemia, ulceration,
and necrosis.15 Such tracheal
injury can lead to tracheal
stenosis, resulting in chronic or
progressive respiratory symptoms
after extubation. Treatment options
for tracheal stenosis include
endoscopic balloon dilation and
open surgery with partial tracheal
resection and anastomosis. Mattioli
et al highlighted the advantage of
balloon dilation in patients with
COVID-19 over the more invasive
approach of open surgery.16 After
treatment, patients undergo serial
endoscopic examinations to assess
patency and integrity of their
airways. Diagnostic imaging has a

role in assessing the airway in
the periprocedural setting, both
for the detection of tracheal
stenosis, preprocedural planning,
and postprocedural follow-up.
Cross-sectional imaging with CT
is often used to assess the
severity of tracheal stenosis and
is complementary to the more
definitive but invasive diagnostic
approach of direct endoscopic
evaluation. Additionally, the use of
dynamic CT and MRI has been
described for further characterizing
tracheal stenosis.17 However, digital
tomosynthesis can be valuable
in this setting, particularly when
cross-sectional imaging is not
available (Figure 1).

Malignant Bronchial Stenosis
Central airway stenting is

a common, minimally invasive
interventional pulmonary procedure
performed to maintain airway
patency in patients with malignant
airway pathologies, including tumor
invasion into the airway lumen, as
well as extrinsic mass compression
of the airway.18 While not curative,
airway stenting relieves symptoms
and improves the quality of
life for the patient. Conventional
radiography is often the initial
imaging requested to assess the
thoracic anatomy. However, due to
overlapping mediastinal anatomic
structures, conventional radiographs
have a relatively low sensitivity for
detecting central airway pathology,
often resulting in suboptimal
evaluation of the airways.19

Digital tomosynthesis provides an
alternative or intermediate step in
detecting malignant airway stenosis
and determining the integrity of
the airways (Figure 2). Studies
evaluating inter-reader diagnostic
performance found increased
sensitivity and accuracy for detecting
airway pathologies using digital

tomosynthesis over conventional
radiography.13

Postoperative Airway
Complications
Lung Transplantation

Patients with end-stage lung
disease undergo an extensive
assessment of transplant eligibility
prior to receiving a lung transplant.
Radiologists are becoming
increasingly more involved in
the care of these patients both
before and after transplantation.
In addition to assessing post-
transplant infection or sequelae of
transplant rejection, assessing the
airway anastomosis site is critical.
Central airway stenosis at the
anastomotic site between the donor
and recipient mainstem bronchi is
one of the common post-transplant
complications.20 Placement of an
airway stent is an important
treatment option for post-transplant
anastomotic strictures. However,
complications may occur after
the stent is placed, and follow-
up imaging can help assess
the possibility of stent migration
and/or obstruction (Figure 3). In
1 series, stent-related complications
were seen in 23% to 34% of
patients.21 In another study by
Kim et al, evaluating patients
undergoing airway stent placement,
47% required 2 or more procedures,
with stent-related complications
occurring in the first 2 to 3
months after the initial procedure.22

Digital tomosynthesis can change the
treatment plan without the need for
additional CT imaging.23

Endobronchial Valve Placement

Patients  with  refractory  chronic
obstructive  pulmonary  disease
(COPD)  owing  to  severe  lung
hyperinflation  and  air  trapping
may  benefit  from  minimally
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invasive  procedures,  which  aim
to  selectively  reduce  lung  volume,
improve  lung  function,  and  relieve
symptoms.  In  fact,  the  placement
of  an  EBV  is  a  standard-of-care
treatment  option  for  advanced
COPD  in  many  countries.24  After
placement  of  an  EBV,  serial
imaging  follow-up  is  necessary
to  assess  lung  volume  changes
in  addition  to  postprocedural
complications.  A  pneumothorax
is  a  common  complication,

with  some  reporting  a  15%  to
25%  occurrence  rate.24  However,
making  the  distinction  between
a  bulla  or  pneumatocele,  which
has  been  shown  to  resolve  on  its
own,25  and  a  pneumothorax,  for
which  the  valves  may  need  to  be
removed,  may  impact  the  patient’s
clinical  and  treatment  course.
Conventional  radiography  may  not
have  the  resolution  to  definitively
visualize  the  thin-walled  cyst  of
a  pneumatocele.26  However,  by

scrolling  through  slices  provided
by  digital  tomosynthesis,  the
outline  of  the  pneumatocele  can
be  better  appreciated  (Figure  4).

Limitations of Digital
Tomosynthesis in Thoracic
Imaging

The diagnostic value and added
benefit of digital tomosynthesis in
the monitoring of patients with
a variety of airway pathologies

Figure 1. Adult with COVID-19 pneumonia. Coronal CT (A) in
minimum intensity projection at the level of the trachea and
central airway demonstrates tracheal distention secondary to
overinflated endotracheal tube cuff (arrow). Postextubation radiograph
(B) is suboptimal in the assessment of the trachea due to
overlapping mediastinal and osseous structures. Digital tomosynthesis
(C) centered at the trachea reveals severe narrowing of the tracheal
lumen (arrow). Preintervention bronchoscopy (D) confirms a smooth,
circumferential tracheal stricture.

A B C
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and airway interventions are clear.
However, digital tomosynthesis
technology has limitations. Current
digital tomosynthesis platforms are
not portable, precluding their use

in the intensive care unit setting.
Additionally, blurring artifact may
occur in patients who have difficulty
cooperating with the examination,
given that the acquisition requires

a 10-second breath hold (Figure 5);
however, we are not aware of
specific literature indicating a
significant rate of nondiagnostic
digital tomosynthesis examinations.

Figure 2. Adult with malignant
bronchial stenosis. Chest radiograph
(A) demonstrates an irregular, lobular,
mass-like density projecting over the
right perihilar region (arrow). Note the
limited visualization of the mainstem
and segmental bronchi secondary to
underpenetration. Digital tomosynthesis
(B) improves visualization of underlying
severe stenosis of the right-sided
tracheobronchial structures (white
arrow). There is moderate stenosis
of the left mainstem bronchus (black
arrow).

A B

Figure 3. Adult lung transplant
patient who underwent right mainstem
bronchus stent placement for
postprocedural bronchial stenosis.
Conventional radiograph (A) shows poor
visualization of the right mainstem
bronchus owing to overlying anatomy
and sternal wires. Digital tomosynthesis
(B) demonstrates markedly improved
visualization of the stented right
mainstem bronchus (black arrow),
which appears intact.

A B
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Figure 4.  Adult with chronic obstructive pulmonary
disease following left upper lobe EBV placement.
Conventional chest radiograph (A) following left
upper lobe EBV placement. Postprocedural digital
tomosynthesis image (B) following EBV placement
enhances demonstration of left apical lucency consistent
with postprocedural pneumatocele (black arrow). Note
improved visualization of the EBV within the left upper
lobe airways (white arrow). Coronal chest CT reformation
(C) following EBV placement confirms the digital
tomosynthesis diagnosis of postprocedural pneumatocele.

A B

C
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Conclusion
The expanding scope and

advances in the field of
interventional pulmonology have
paralleled the growth of advanced
imaging techniques to better
evaluate the results of interventions,
including removable silicone
stents,27 balloon/laser ablation,28 and
EBV therapy,29 and have increased
the opportunity for accurate,
noninvasive monitoring of these
interventions.

These technological advances are
not without their own complexities,
and patients undergoing airway
intervention commonly return
for follow-up evaluation for
complications. Due to the inherent
limitations of standard film-screen
and digital radiographic techniques,
CT has been used to monitor
the preprocedural and postoperative
appearance of interventional
pulmonology techniques.30 While
the rapid acquisition and advanced

3D capabilities of modern-day
CT have clear advantages, digital
radiographic technologies, with
significantly lower cost and radiation
dose, offer a potentially attractive
alternative for the patient with
suspected airway disease.13,31

In patients undergoing
silicon stent placement, digital
tomosynthesis demonstrated clear
superiority to conventional
radiography in the detection
of these stents and associated
complications.22 Recent experience
demonstrates the significant
diagnostic value of digital
tomosynthesis in the post-
lung transplant patient with
endobronchial stents.

Additional opportunities for
therapy monitoring with digital
tomosynthesis exist in patients
undergoing EBV therapy. Well-
recognized complications in
patients include postprocedural
pneumothoraces, EBV migration,
and airway granulation/stenosis.32

Early results suggest digital
tomosynthesis may also improve
pneumothorax detection in patients
undergoing EBV therapy.33

Digital tomosynthesis has
advantages over plain radiography
in the detection of airway disease,
and its role in the effective, low-cost
and low-radiation-dose monitoring
of these therapies. Future advances
in pulmonary intervention will
continue to define the important
role of digital tomosynthesis in this
growing population.
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Global Health Care Inequalities of Head and
Neck Cancer Imaging and Treatment Protocols
Emphasizing PET/CT Availability

Gloria J. Guzmán Pérez-Carrillo, MD, MSc, MPH, MBA

With more than 660,000 new
cases and 325,000 deaths annually
worldwide, head and neck cancer
is the seventh most common cause
of global cancer, with a disparate
incidence and mortality between
low- and middle-income countries
(LMICs) and high-income coun-
tries (HICs), the latter demon-
strating higher incidence but
lower mortality.1,2

Moreover, there seems to be an
increasing growth of the world
cancer burden, with a steep-slope
rate in LMICs compared with HICs.3–

5 Positron emission tomography /
computed tomography (PET/CT)
imaging plays a crucial role in
enabling the detection, staging, and
restaging after treatment of head and
neck cancers6 and is an essential
tool for reducing morbidity and
mortality.

However, there are significant
discrepancies in availability, cost,
and accessibility, particularly in the
US compared with LMICs.7,8 This,
in turn, results in health care

disparities that negatively impact
health outcomes for the LMIC
populations.9 While the primary
driver of health care inequities in
access to imaging for head and neck
cancers is the number of scanners,
such as PET/CT and MRI and the
number of radiologists in LMICs,
this article discusses other potential
factors and strategies to address
them.

Specific Health Care
Disparities

PET/CT Scanners Per Capita

The US and other HICs boast a
high number of PET/CT scanners
compared with many other lower-
income nations, owing to their
extensive health care infrastructure
and technological advancements,
with an average of 3522 PET scanners
per million people (Figure 1).2 In
contrast, many LMICs struggle with
a scarcity of PET/CT scanners,
with an average of 301 per
million residents for upper-middle-
income countries and none at all
in most of Africa (Figure 1).2

These shortages limit access to
this important imaging technology

for a significant portion of the
LMIC population, delaying diagnosis
and treatment and ultimately
compromising patient outcome.2

A direct consequence of this
undersupply is that while the
incidence of cancer (Figure 2) in
Africa (aside from Namibia) is less
than or equal to 7.7 while in the US
it is 7.7-19.5, the mortality rate in
Africa is significantly higher (Figure
3; up to 10.8 in multiple countries in
Africa vs 1.2-1.6 in the US).

Radiologists Per Capita

Significantly more radiologists are
available to interpret head and neck
PET/CT studies in HICs vs LMICs,
(Figure 4)2 paralleling the availability
of PET/CT scanners. For example,
in HICs, there are 93 radiologists
per million residents compared with
as few as 1 radiologist per million
in low-income countries. This lack
of trained professionals to monitor
and interpret these studies limits
accessibility to this critical diagnostic
imaging tool.

Cost and Socioeconomic Barriers

The high cost of PET/CT scans may
deter them from seeking necessary
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Figure 1.  PET scanners per 1 million residents. Data generated from IAEA IMAGINE.6

GLOBAL HEALTH IMAGING Global Health Care Inequalities of Head and Neck Cancer Imaging

28 Applied Radiology July / August 2024



Figure 2. The 2022 head and neck cancer global age-standardized incidence rates. The map was generated using the GLOBOCAN
website mapping tool (https://gco.iarc.fr/today/online-analysis-map) by selecting “lip, oral cavity,” “oropharynx,” “hypopharynx,” and
“larynx” cancers.2

Figure 3. The 2022 head and neck cancer global age-standardized mortality rates. The map was generated using the GLOBOCAN
website mapping tool (https://gco.iarc.fr/today/online-analysis-map) by selecting “lip, oral cavity,” “oropharynx,” “hypopharynx,” and
“larynx” cancers.2
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Figure 4.  Radiologists per 1 million residents. Data generated from IAEA IMAGINE.6
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Figure 5.  MR scanners per 1 million residents. Data generated from IAEA IMAGINE.6
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medical care or force them to choose
less-effective diagnostic methods.
Lack of universal health care or
affordable health insurance is the
biggest driver of these limitations for
radiological imaging and medicine in
general.10 A review of the literature
found that the costs associated with
head and neck cancer have only
been evaluated in the US11; no peer-
reviewed English literature articles
exploring the global costs of head
and neck cancer could be found.

Accessibility and Infrastructure

Accessibility  encompasses  factors
beyond  the  physical  presence
of  PET/CT  scanners  and
cost,  including  geographic
proximity,  referral  pathways,
and  appointment  waiting  times.
Similarly,  accessibility  issues  arise
due  to  inadequate  transportation
infrastructure  and  limited  health
care  facilities  in  remote  areas,
further  exacerbating  health
inequalities.  All  of  these  factors
cause  health  care  inequalities.12

Strategies to Address Health
Care Disparities

Improving Educational
Opportunities for Global Radiology
Trainees and Faculty

In the US, we have several
pathways to provide subspecialized
radiological education to our global
colleagues, and these programs
serve as terrific initiatives that
other societies can emulate. For
example, the Iberolatinoamerican
Society of Diagnostic and
Therapeutic Neuroradiology (SILAN
is the Spanish acronym) offers
scholarships to Latino-American or
Spanish neuroradiology fellows to
train at US institutions.13

The American Society of
Neuroradiology (ASNR) has
an international neuroradiology
teaching program, the Anne G.

Osborn ASNR International Outreach
Professor Program, which currently
operates in Asia, Africa, and Latin
America.14 This program was started
by sending neuroradiologists to 5
countries and has now expanded to
9 sites in 8 countries, with plans for
future expansion.

Many of the faculty from these
programs have formed long-lasting
relationships with radiologists and
trainees in their host countries.

Research
Although PET/CT is the recognized

workhorse in the diagnosis and
follow-up of head and neck cancers,
other lower-cost imaging options are
available, such as multiparametric
MRI, including diffusion-weighted
imaging.6,15,16 Specifically, in the US,
a PET/CT may cost $1564 vs $956 for
an MRI.17 More research is needed
to standardize these MR modalities,
which is especially urgent and
pertinent in the global arena, as
MR is more available than PET/CT
(Figure 5).6 For example, LMICs have
188-5363 MR scanners per million
residents, significantly higher than
the 0-301 PET/CT scanners per
million residents, as detailed in
Figure 1.

Access to More Units, Improved
Infrastructure, and Better Health
Coverage

Governments and health care
authorities should prioritize
investment in PET/CT imaging
infrastructure, particularly in
underserved regions and low-
resource settings. Addressing these
problems may involve expanding
existing facilities or establishing
new PET/CT centers that are more
accesible to remote communities.

Improving insurance coverage
or providing universal health care
could also help mitigate health care
disparities and adverse outcomes
arising from lack of access to PET/CT

imaging in countries with adequate
imaging infrastructure.18

Conclusion
Health inequalities in PET/CT

imaging persist between the US
and other HICs and compared
with LMICs, driven by disparities
in the number of PET/CT
scanners, cost, and accessibility.
These inequities have profound
implications for patient outcomes
and contribute to delayed diagnosis
and treatment, furthering outcome
disparities. Addressing these
challenges requires collaborative
efforts from policymakers, health
care professionals, and community
stakeholders to ensure equitable
access to PET/CT imaging services
for all individuals. US radiologists
play a unique role in driving
these changes, primarily through
educational outreach and novel
research tools that may allow
lower-cost imaging tools to detect
and monitor head and neck cancers.
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In AI, Experience Matters: A Guide to
Navigating the Regulatory and
Governance Environment
Demetri Giannikopoulos

As  artificial  intelligence  (AI)
becomes  more  prevalent  in  health
care,  discussions  around  regula-
tion  and  governance  are  on
the  rise.  How  can  patient  data
be  secured  and  protected?  How
does  responsible  AI  deployment
and  monitoring  occur?  Should
health  systems  be  skeptical  that
technology  can  be  a  diagnos-
tic  aid  and  potentially  impact
treatment  decisions?  Health  system
leaders  are  navigating  this  evolving
frontier  as  well  as  AI  regulations,
which  seem  to  be  outpaced  only
by  the  innovation  of  the  technol-
ogy  itself.

While  navigating  between
codified  regulations  and  guidelines,
many  leaders  are  grappling
with  how  to  have  effective
conversations  around  the  latest
regulatory  requirements  while
establishing  governance  structures.
While  no  governing  body  or  group
currently  has  complete  authority
over  AI  governance,  regulatory
measures  such  as  the  White
House’s  Executive  Order  on  the
Safe,  Secure,  and  Trustworthy
Development  and  Use  of  Artificial
Intelligence1  and  the  Office  of

the  National  Coordinator  for
Health  Information  Technology’s
Health,  Data,  Technology,  and
Interoperability  (HTI-1)  Final  Rule2

establish  rules  for  AI  use  in
health  care.

Guidelines such as the American
Medical Association Principles,3

Evaluating Commercial AI Solutions
in Radiology (ECLAIR) Guidelines,4

and Developing, Purchasing,
Implementing and Monitoring AI
Tools in Radiology: Practical
Considerations. A Multi-Society
Statement from the ACR, CAR, ESR,
RANZCR and RSNA,5 meanwhile,
offer recommendations for various
aspects of AI from accountability
to transparency, vendor, and value
assessments.

It is no secret that clinical AI
is a burgeoning field, one that
has witnessed incredible growth
over the past few years. As
of October 2023, the Food and
Drug Administration (FDA) listed
691 approved AI/machine learning-
enabled medical devices,6 of which
roughly 15% were approved in
2023 alone.

As AI’s role expands throughout
health systems, so should the
conversations across teams. But
what should those discussions entail
and who can help provide much-
needed insights to navigate this
ever-changing landscape?

AI  partners  can  play  a  vital
role  in  this  regard.  Similar
to  how  one  might  entrust  a
financial  advisor  to  manage  their
money,  an  experienced  AI  partner
often  garners  a  deep  familiarity
with  FDA  requirements,  in-depth
industry  expertise,  a  wealth  of
health  system  experience  with
AI,  and  is  able  to  facilitate
collaboration  between  institutions.
This  experience  in  these  relatively
novel  regulatory  realms  can  prove
invaluable  to  health  systems.

To maximize AI support, an
AI partner should proactively be
discussing and have knowledge or
experience to help navigate the
following key areas:

Understanding  of  the  AI
partner’s  infrastructure  in  place
to  ensure  regulatory  compliance
alongside  the  increasingly
complex  landscape.  It  stands  to
reason  that  many  AI  products,
while  offering  great  potential
for  impacting  specific  use  cases,
may  not  have  the  infrastructure
required  to  direct  health  systems
through  the  complexities  of
AI  regulation.  With  constant
development  on  this  horizon,
and  even  signs  of  regional
AI  measures  (see  the  recent
Utah  enactment  of  AI-focused
consumer  protection),7  partners
with  dedicated  regulatory  and  legal
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teams  are  ahead  of  the  curve
as  they  can  ensure  compliance
even  in  the  most  nuanced
circumstances.

Direct experience with
regulatory pathways such as FDA
clearance and/or CE marking
processes for European conformity.
Many AI partners have a keen
understanding of the intricacies
involved in navigating the regulatory
clearance process(es). Those with
experience serve as a better partner
for health systems that have
reservations about AI adoption,
owing to their experience in
addressing issues surrounding risk
mitigation and interoperability
against the highest standards.

Real-life experience measuring
the performance and value of
AI in clinical environments.
AI regulations, guidelines, and
publications focus on demonstrating
real-world performance and value,
and there are multiple ways
to measure these impacts. With
radiology, AI might start with
interpretation and turnaround times,
but value is often demonstrated
with additional service-line impact,
for example, when utilizing
AI to integrate and streamline
pulmonary embolism response
teams. Downstream impacts could
include reduced length of stay for
specific pathologies or enhanced
disease awareness that led to early
diagnosis and treatment.

Plans to adapt to the changing
environment. A strong AI partner

should have a comprehensive
plan to adapt to the evolving
regulations and ensure the long-
term success of your AI investment.
This includes strategies for
drift mitigation, model retraining,
ongoing maintenance, and proxies
for performance. Additionally, they
should demonstrate the ability to
scale AI solutions beyond radiology
and across the entire health care
enterprise, showing a commitment
to innovation and growth in
AI implementation.

As AI becomes increasingly
integrated into clinical workflows,
AI partner scrutiny will become
even more important to sustaining
AI success. The ECLAIR guidelines,4

for example, are already
setting a framework for those
seeking commercial AI solutions
in radiology.

With varying regulations and
guidelines shaping the decisions of
health care leaders, it is essential
to remain prudent in assessing
partners beyond their promises
to improve workflow or care
delivery; this includes evaluating
their regulatory infrastructure and
experience in navigating regulatory
environments.

Overall, a resilient AI ecosystem
that lives up to the hype
must focus on enhancing patient
care, fostering health system
innovation, and upholding the
highest technological integrity and
accountability standards as AI
becomes indispensable.
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Radiology Matters

Virtual Imaging Trials: The Next
Big Thing?
Kerri Reeves

Advances in computational resources such as
software, processing, and storage have paved the
way for exciting applications in the relatively
new field of computational medicine, which
uses data-driven methods to gain individualized
insights into diseases and treatments. In recent
years, expanding computational resources has
been foundational to many developments in
machine learning, artificial intelligence, and digital
simulations, to name a few. Using representations or
models, computational approaches are expected to
have a major impact on research and care delivery
across disciplines, particularly in radiology.

Emulating reality using representational and
computational methods through virtual means is
being explored as an alternative to clinical trials.
In particular, representing real medical entities or
processes in the form of digital twins in virtual
trials is gaining ground to meet the challenges in
evaluating imaging innovations.

“We need to have more proficient ways to
evaluate the effectiveness of medicine,” says
Ehsan Samei, PhD, Rice distinguished profes-
sor of radiology at Duke University and direc-
tor of the Center for Virtual Imaging Trials
(CVIT) in Durham, North Carolina. “Evaluation
of medical innovations is ideally done through
trials on humans, but such trials are extremely
cumbersome,” he says. Barriers include costs,
trial duration, ethical concerns, and diversity of
subjects, among other logistical constraints.

Virtual trials provide realistic and validated
simulations as an alternative approach to assessing
the impact of treatments and technologies on
outcomes. The models present “a very sophistica-
ted ‘cartoon’ of the patient as complete and as
realistic as we can make it,” says Dr Samei, noting

that a virtual representation can be “almost and
effectively as real as the real thing.”

“In silico imaging trials are the next big
revolution in radiology, which will enable us to
accelerate the development of imaging systems,”
says Alejandro (Alex) Frangi, PhD, Bicentennial
Turing Chair in Computational Medicine at the
University of Manchester, England. Not surpris-
ingly, interest is high among clinicians, research-
ers, policymakers, regulatory bodies, insurance
companies, and vendors.

“While virtualizing reality has been implemen-
ted in various industries and scientific pursuits,
it has not been fully embraced as an essential
resource in medical imaging,” says Dr Samei.
To discuss research, development, and use cases
surrounding the concept, more than 130 stakehold-
ers attended the first Virtual Imaging Trials in
Medicine (VITM) summit held at Duke University
in April. Presentations focused on applications for
virtual imaging trials in CT, digital tomosynthesis,
SPECT, dental imaging, breast density estimation,
imaging technique optimization, cancer care, and
personalized medicine.

Technology Applications
Among benefits, creating simulations of trials

enables a ground truth comparison allowing
researchers and imaging scientists to optimize
imaging processes and performance. Individual-
ized cancer care is one area of application.

“[Researchers are creating] individualized
models of patients’ tumors so they can predict
whether the tumor is progressing or regressing,”
explains Francesco Ria, PhD, assistant professor
of radiology at Duke’s CVIT. “We can use this
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methodology to personalize care for individualized
patients.”

Virtual trials can help inform the design
of human trials. Benefits, which are applied
in product design and development, include
simplified experiments, evidence for effective
medicine, and individualized patient care. Another
advantage is a more cost-effective evaluation
of developing technologies since ensuring that
prototypes are safe and effective is an expensive,
cumbersome process, says Dr Samei.

“[Vendors] need evidence to prove what they’ve
produced is of high clinical quality,” says Dr Samei.
This is achievable within the same continuum
of practical to definitive evidence generation as
shown in Figure 1.

For example, VITM summit poster presenter
Gustavo Pacheco of Radboud University Medical
Center in the Netherlands studied the optimi-
zation and validation of a compression model
for realistic digital breast phantoms in mammog-
raphy and digital breast tomosynthesis simula-
tions. While breast compression is essential for
achieving optimal image quality and reducing

patient radiation exposure, it is necessary to
pinpoint the optimal protocol and quantitatively
assess the actual benefit of the procedure,
which is often uncomfortable and negatively
affects compliance with mammography recom-
mendations, notes Dr Samei.

“Those questions need to be answered in
the context of individual patients based on
clinical effectiveness, not some back-of-envelope
calculation,” he says. “No one has ever done a
systematic trial [on] reducing breast compression
to see what the results would be.”

“Virtual trials also enable studies on realistic
populations of computational patients spanning
ages, genders, and races for a wide variety of
conditions, including uncommon diagnoses for
which enrolling an adequate number of patients
might be difficult.” In such scenarios, virtual data
can supplement real data to provide more robust
answers, says Dr Ria.

Consider CT imaging of patients with emphy-
sema. When assessing treatment effectiveness,
clinicians try to optimize the imaging technique to
tease out the signatures of the disease in the best

Figure 1. The left-sided metrics tend to be more practical, while those on the right tend to more closely represent the clinical reality, the ultimate goal.
Graphic provided by Ehsan Samei, PhD.
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way possible, which is typically done as a “best
guess,” says Dr Samei. By creating emphysema
in virtual patients with the exact extent of their
disease, the clinician can determine the utility of
images to assess disease progression or regression
and, thus, how to best manage each patient.

Future Directions
Another example of virtual trial potential

involves volumetric measurement of organs
through deep-learning, automated virtualization
of CT images, the topic of a study presented
at the VITM by Duke’s Mobina Ghojogh Nejad,
MD. By studying organ size, virtual models
enable accurate assessment of organs and, thus,
anatomical progressions that are associated with
certain conditions.

“If we found some correlation between organ
volume and age or BMI [body mass index], we can
use this data to inform our models to reflect real
subjects’ changes associated with age,” says Dr Ria.

The use of VITM may also offer an approach to
engineer new imaging biomarkers that “exploits
our understanding of the imaging physics and
disease mechanisms more fundamentally than
in current biomarker discovery approaches for
diagnosis and monitoring of drug effects that
largely rely on trial and error,” says Dr Frangi.
“These techniques could be adopted more broadly
as part of the [research and development] lifecycle
of imaging systems and biomarker engineering.”

For virtual trials to grow, however, tools must be
democratized for all to use clinically and scientifi-
cally, says Dr Samei.

“We need to have consistent protocols, vocabu-
lary, and ways of communicating to be able to
cross-operate across resources that have been
developed in multiple places, making them easily
accessible and available to everyone,” he says.
“We need a cohesive vision and a dedicated focus
across the health care enterprise to move [virtual
trials] forward.”
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Anterior Sacral Meningocele
Syed M.R. Naqvi, MD; Syed Anam Asim, BSc, MSc

Case Summary
A toddler presented to the

emergency department with
abdominal pain. The patient had a
history of constipation and recurrent
urinary tract infections (UTIs). The
patient had no neurologic deficits.
Recent pelvic ultrasound in the
community demonsrated a large
cystic pelvic mass.

Imaging Findings
Pelvic  MRI  (Figure  1)  demon-

strated  a  large,  ovoid,  well-circum-
scribed  fluid  collection  in  the
presacral  space  that  was  contig-
uous  with  the  spinal  subarach-
noid  space  through  an  osseous
defect  in  the  sacrum.  There
was  turbulent  cerebrospinal  fluid
(CSF)  flow  within  the  presac-
ral  collection.  The  features  were
overall  in  keeping  with  an
anterior  sacral  meningocele  (ASM).
There  wasassociated  mass  effect
on  regional  structures,  including
anterior  displacement  and  partial
attenuation  of  the  rectum  and
urinary  bladder.  The  sacrum
appeared  dysplastic,  with  partial
agenesis  of  the  inferior  sacrum.

No  anorectal  malformation  was
identified.

Diagnosis
Anterior sacral meningocele.
The differential diagnosis includes

sacrococcygeal teratoma, neuroen-
teric cyst, sacral chordoma, cystic
neuroblastoma, rectal duplication
cyst, and ovarian cyst.1

Discussion
Anterior sacral meningocele is a

hernia of the dural sac through
a defect in the ventral sacral
wall1  and can be categorized
as acquired or congenital. The
most common causes of acquired
sacral meningoceles include Marfan
syndrome, neurofibromatosis  type
1, and Ehlers-Danlos syndrome, all
of which lead to dural ectasia.1,2

Congenital forms of ASM are the
most common and can be either
familial (X-linked dominant) or
occur sporadically.1,3

The pathogenesis of congenital
ASM can be traced to the secondary
neurulation during embryogenesis,
where the sacral segments of the
spinal cord from S2 to the coccyx
are formed from a mass of pluripo-
tent stem cells referred to as the
caudal eminence.4 Malformation of
the sacral segments in association
with CSF pulsations leads to the

extension of the meninges out of the
sacral spinal canal, typically at the
level of the S1-S2 junction, and into
the retroperitoneal space, forming
an ASM.1 The caudal eminence
gives rise to multiple other struc-
tures, including the hindgut. As a
result, sacral malformations leading
to ASM are frequently associated with
other congenital defects involving
the urogenital or hindgut structures.1

Anterior sacral meningocele may be
associated with Currarino syndrome,
a triad of presacral mass (typi-
cally ASM or teratoma), anorec-
tal malformation, and sacral bony
defect.5

Patients  commonly diagnosed
with ASM include those with
long-standing complaints  of
constipation,  gynecological  or
obstetrical  manifestations,  and
neonates  who present  with other
congenital  defects  such as  those
seen in Currarino syndrome.6

The signs and symptoms asso-
ciated with ASM are related
to its  impact  on surrounding
genitourinary organs (eg,  dysuria,
UTIs,  polyuria,  dysmenorrhea,
dyspareunia),  reproductive organs
(eg,  dystocia  and meningocele
sac rupture),  and colorectal  (eg,
constipation or  obstipation)  and
neurological  dysfunctions (eg,
compression of  the nerve roots
exiting from the sacrococcygeal
region leading to  pelvic  pain,
radicular  pain,  and paresthesia).1,6
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Compression of  ASM from Valsalva
maneuvers  or  postural  changes
can affect  the CSF flow,  result-
ing in  headaches.2  The clinical
signs associated with ASM include
retro-rectal  mass,  which can be
palpated on a  digital  rectal
examination in  nearly  all  patients.1

Patients  may also present  with
other  congenital  anomalies  such as
vaginal  duplication,  anal  stenosis,
anal  atresia,  sacral  bone defect
(scimitar  sign),  club foot,  and
leg-length discrepancies.1

The  diagnosis  of  ASM  can
involve  the  use  of  multiple
modalities,  including  radiographs,
US,  CT,  and  MRI.1  Features  that
should  be  evaluated  include  the
identification  of  the  neck  of

the  ASM,  abnormalities  of  the
meninges  and  vertebral  compo-
nents  of  the  sacrum  such  as
sacral  defect;  cystic  nature  of  the
mass;  the  relationship  between
the  meningocele  and  the  sacral
nerve  roots;  and  the  relationship
between  the  pelvic  viscera  and
the  meningocele.7  Radiography  is
useful  in  detecting  the  scimitar
sign,  which  appears  as  a  unilateral
sickle-shaped  distortion  of  the
sacral  bone.7  Ultrasound  can  help
identify  the  contents  of  the
presacral  mass  and  enlargement
of  the  meningocele  sac.8  CT  can
help  identify  the  communication
of  the  subarachnoid  space  and
may  help  differentiate  ASM  from
other  solid  masses  in  the  presacral

location.9  The  modality  of  choice
to  diagnose  ASM  is  MRI.1  It
can  help  identify  other  associated
anomalies  such  as  spinal  cord
tethering.1  Meningocele  has  the
same  signal  intensity  as  the  CSF
and  a  thickened  filum  terminale,
with  or  without  fatty  infiltration,
may  be  present.1  The  management
of  ASM  is  surgical,  which  involves
obliteration  of  the  communication
between  the  meningocele  and
the  subarachnoid  space.1

Conclusion
Anterior sacral meningocele most

commonly results from a malforma-
tion in which the meninges protrude

Figure 1. Pelvis MRI. (A) Sagittal T2 demonstrates a large, heterogeneous fluid collection in the presacral space (arrows) that communicates with the
spinal canal through a hypoplastic sacrum, which terminates at the S2-S3 level. (B) Axial T2 shows the defect in the sacrum and turbulent CSF flow
within the presacral collection (arrows). (C) Axial T1 fat-saturated post-contrast sequence demonstrates no enhancing solid
component in the meningocele.
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through a developmental osseous
defect in the sacrum. Patients may
present with associated abnormali-
ties of other genitourinary struc-
tures. The most useful imaging
modality to diagnose ASM is MRI,
which will reveal communication
between the meningocele and the
spinal subarachnoid space. The
treatment of ASM is surgical.
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Myelin Oligodendrocyte Glycoprotein
Antibody-Associated Meningoencephalitis
Andrew A. Wigger, MD, MPH; Alexander J. Towbin, MD; Daniel Morgan, DO; Richard B. Towbin, MD

Case Summary
A child presented to the

emergency department with a
6-week history of intermittent
fevers, weakness, upper abdomi-
nal pain, emesis, and headaches
with photophobia. The patient had
recently been treated with antibiot-
ics for strep throat and a urinary
tract infection.

On physical examination, the
patient had a 38.6℃ fever, severe
photophobia, hyperreflexia, and
mild imbalance when walking in
tandem. Otherwise, the patient
was awake, alert, and interactive.
A lumbar puncture showed an
elevated opening pressure (33 cm
H2O), cerebrospinal fluid (CSF)
pleocytosis (97 cells/mm3), and
low glucose. Laboratory studies
showed an elevated erythrocyte
sedimentation rate and C-reactive
protein, an elevated white blood
cell count (13 × 109/L), and slight
anemia with a low mean corpus-
cular volume. Urinalysis showed
hematuria and glucosuria. Of the

CSF antigen and antibody tests
performed, the antimyelin oligoden-
drocyte glycoprotein (MOG) antibody
titer was positive at 1:10,000.

Imaging Findings
Brain MRI (Figure 1) showed

nonenhancing, increased T2 signal
abnormality involving the basal
ganglia (most prominently the heads
of the caudate nuclei), left thala-
mus, brainstem, and left inferior
corona radiata.

The MRI findings were suggestive
of encephalitis. However, because
the patient was not encephalo-
pathic and had a wide range
of nonspecific subacute symptoms,
MOG antibody-associated disease
(MOGAD) was suspected.

Diagnosis
Myelin oligodendrocyte glycopro-

tein antibody-associated meningoen-
cephalitis.

The  differential  diagnosis  for
this  presentation  and  MRI  findings
is  broad  and  includes  neuromye-
litis  optica  spectrum  disorder
(NMOSD),  infectious  meningitis,
acute  disseminated  encephalomye-
litis  (ADEM),  and  multiple
sclerosis  (MS).

Discussion
Myelin  oligodendrocyte

glycoprotein  antibody-associated
disease  is  an  autoimmune  disorder
that  results  from  the  antibod-
ies  directed  against  a  myelin
glycoprotein  found  within  the
central  nervous  system  (CNS).1

Like  many  autoimmune  disor-
ders,  the  clinical  presentation
of  MOGAD  varies  depending  on
the  areas  of  the  CNS  that
are  involved.  One  of  the  most
common  presenting  symptoms
is  visual  difficulty  from  optic
neuritis.2,3  The  antibodies  can
attack  and  cause  demyelination
in  throughout  the  CNS.  When
the  cerebral  hemispheres  are
affected,  an  ADEM-like  presenta-
tion  may  dominate,  while  spinal
cord  involvement  may  result
in  signs  and  symptoms  more
typical  of  transverse  myelitis.4

Cerebral  hemispheric  involvement
may  result  in  altered  mental  status
and  other  nonspecific  neurologi-
cal  deficits.  Alternatively,  patients
with  spinal  cord  involvement  may
present  with  paralysis,  sensory
disturbances,  and  bowel  and
bladder  dysfunction.1,4

The  MOG  antibody  was
discovered  in  2007  but  widespread
testing  was  not  available  until
2015;  therefore,  only  a  relatively
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small  amount  of  data  is  available
on  the  incidence  and  prevalence
of  MOG  encephalitis.1  However,  it
is  thought  that  children  account
for  approximately  50%  of  those
diagnosed  with  MOGAD.1,3  One
nationwide  Dutch  study  found
the  incidence  of  MOGAD  to  be
approximately  0.16  per  100,000
people.5  In  that  study,  there  was
a  higher  seropositivity  in  children
than  adults.5  It  was  also  found
that  up  to  56%  of  children  who
tested  positive  for  the  antibody
presented  with  an  ADEM-like
illness.5  Other  studies  have  shown
that  MOGAD  occurs  more  often  in
White  children  and  does  not  have
a  gender  predilection.1

In  MOGAD,  the  areas  of  the
brain  most  often  affected  are  the
deep  white  matter,  cortical  gray
matter  with  adjacent  subcorti-
cal  white  matter,  pons,  cerebel-
lum,  midbrain,  medulla,  and
corpus  callosum.  The  periventricu-
lar  white  matter,  area  postrema,
and  deep  gray  nuclei  are  affected
less  frequently  (Figure  1).1  It
can  be  challenging  to  differenti‐
ate  MOGAD  from  other  inflamma‐
tory  and  demyelinating  diseases  of
the  CNS.  However,  key  labora-
tory,  clinical,  and  imaging  features
can  help  narrow  the  differential
diagnosis.  For  instance,  patients
with  NMOSD  often  test  positive
for  the  astrocytic  cell  protein
APQ4  antibody  instead  of  the
MOG  antibody.1  Signs,  symptoms,
and  MRI  findings  for  ADEM  and
MOGAD  can  appear  similar,  but
ADEM  usually  follows  a  monopha-
sic  course  while  MOGAD  may
relapse.1  While  CNS  involvement
with  MS  commonly  produces
relatively  more  focal  brain  lesions,
the  lesions  of  NMOSD  and

MOGAD  are  often  larger,  even
more  than  3  cm  in  diameter.6

Spinal  cord  lesions  have  also
been  reported  to  span  3  or
more  continuous  vertebral  body
segments  in  NMOSD  and  MOGAD.6

Additionally,  serial  MRI  can  be
helpful  to  assess  lesion  evolution,
as  lesions  are  more  likely  to
resolve  entirely  in  patients  with
MOGAD  than  in  those  with  MS
or  NMOSD.6,7  Multiple  sclerosis
lesions  may  decrease  in  size
and/or  conspicuity  after  an  attack,
but  the  lesions  are  often  still
apparent  after  signs  and  symp-
toms  have  resolved.6  Follow-up
MRI  may  be  particularly  useful
when  the  MOG  antibody  titers  are
low  and  there  is  concern  for  a
false  positive  diagnosis  of  MOGAD,
allowing  one  to  assess  for  lesion
evolution  to  support  a  diagnosis
of  MOGAD.6

Clinical diagnosis of MOGAD
includes the combination of clinical
findings suggestive of CNS involve-
ment, testing positive for the MOG
antibody by cell-based assay, and
exclusion of other conditions.7 Use
of CSF sampling and MRI of the
orbits, brain, and spinal cord may also
aid in diagnosis.1,3 The CSF of MOG
seropositive patients often shows a
lymphocytic pleocytosis and a normal
to slightly elevated protein level, often
without oligoclonal bands.1

Current treatment of MOGAD
includes pulsed intravenous
methylprednisolone over 3-5 days,
followed by a slow oral steroid taper.1

Patients may also be treated with
intravenous immunoglobulin (IVIG)
or plasma exchange.1 If there are
relapsing signs and symptoms, then
long-term immunosuppression with
rituximab or mycophenolate mofetil
may be used.1,3

Figure 1. Axial FLAIR MRI of the brain
shows multiple foci of increased signal
within the left middle cerebellar peduncle
(A, arrow) and cerebral peduncles (B,
arrows); right and left caudate nuclei
(C, arrowheads); left posterior thalamus
(dashed arrow); right globus pallidus and
bilateral putamina.
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The overall prognosis of MOGAD
is generally good, and better for
children than adults.1 Cobo-Calvo et
al2 found that adults were more likely
to experience relapse than children
(hazard ratio of 1.41). Additionally,
using the Expanded Disability Status
Scale, adults had more difficulty
recovering than children.2 When the
degree of MOG antibody titers is
elevated and persists, risk for relapse
increases.1 A study by de Mol et al5

showed that 89% of patients who
became seronegative did not relapse.
A different study of 98 children also
showed that 64.2% of nonrelapsing
children were seronegative for the
MOG antibody after 2 years.2

Therefore, a patient’s MOG titer
should be rechecked later to
determine their risk of repeat CNS
attacks and the need for further
immunosuppressants.

The patient was treated with pulse
dose methylprednisolone for 3 days
and a steroid taper. There was no
relapse of symptoms.

Conclusion
Myelin  oligodendrocyte

glycoprotein  antibody-associated
disease  is  an  autoimmune  disorder

caused  by  an  antibody  directed
against  MOG  in  CNS  myelin.
The  clinical  presentation  varies
depending  on  where  inflammation
and  demyelination  occur.  Studies
have  shown  that  optic  neuritis
is  the  most  common  present-
ing  symptom,  but  patients  may
also  present  with  an  ADEM-
like  presentation  or  transverse
myelitis.  Myelin  oligodendrocyte
glycoprotein  encephalitis  is  more
common  in  children  than  adults,
and  children  are  more  likely
to  present  similar  to  ADEM.
However,  children  seem  to  recover
faster  and  have  a  lower  risk
of  relapse.  Diagnosis  is  based
on  clinical  presentation  of  CNS
abnormalities,  MOG  seropositivity,
and  exclusion  of  other  simi-
lar  illnesses.  Current  treatment
relies  on  steroid  administration
with  more  aggressive  and/or
longer--term  immunosuppression
considered  for  more  severe
presentations  and  relapsed  disease.
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Retroperitoneal Leiomyosarcoma Invading the
Inferior Vena Cava
Isabella M. Sabato, BA; Nicholas W. Russo, MD; Gabriel Vahi-Ferguson, MD; Joel Erickson, MD

Case Summary
An adult with a history of

type 2 diabetes and hypertension
presented with abdominal pain.
Physical examination demonstrated
abdominal fullness. Complete blood
count and basic metabolic panel
were within normal limits with
preserved renal function. Imaging
demonstrated a large retroperito-
neal mass with invasion into the
inferior vena cava (IVC). The tumor
was unresectable due to exten-
sive vascular involvement. CT-gui-
ded core biopsy was performed.
The patient subsequently devel-
oped a pulmonary embolism, with
US imaging negative for deep
vein thrombosis (DVT). Given the
near-total occlusion of the IVC by
tumor thrombus and lack of other
explanatory mechanisms (eg, DVT),
the embolism was presumed to be
secondary to tumor thrombus. The
patient was started on apixaban with
and symptoms resolved.

Imaging Findings
CT of the abdomen and

pelvis with oral and intrave-
nous contrast demonstrated a
10.5 × 8.9 × 13.2-cm mass
extending from the right psoas

muscle into the IVC, indicat-
ing a retroperitoneal tumor with
IVC extension (Figure 1).  Tumor
invaded the IVC at the level
of the renal veins, with exten-
sion superior to the intrahepatic
IVC (Figure 2).  CT-guided core
biopsy demonstrated immunohisto-
chemical staining consistent with
leiomyosarcoma.

Diagnosis
Leiomyosarcoma.
The differential diagnosis of

retroperitoneal masses includes
liposarcoma; lymphadenopathy or
lymphoma, neurofibroma; and
nonmalignant pathologies, including
hematoma.

Discussion
Leiomyosarcoma is a malig-

nant tumor demonstrating smooth
muscle differentiation  occurring in
the retroperitoneum in 10-20% of
cases.1  It is the second most
common sarcoma in the retroperi-
toneum after  liposarcoma.2  Poorly
differentiated  liposarcomas contain
variable amounts of fat, making
it more challenging to distin-
guish these from leiomyosarcoma.2

When leiomyosarcomas involve the
IVC, they account for approxi-
mately 0.5% of adult soft-tissue
sarcomas.3  Retroperitoneal masses
often  grow to large sizes before

detection and are often  detected
incidentally during imaging for
other indications or secondary to
compressive symptoms.2  Contribu-
ting to this delayed picture is
the relative sparing of visceral
and vascular structures; however,
those affecting  the vasculature
often  present earlier. Luminal
invasion of the IVC by a retroperi-
toneal leiomyosarcoma can produce
signs and symptoms relative to
distal venous congestion. Suprahe-
patic invasion may lead to signs
and symptoms of Budd-Chiari
syndrome or right upper quadrant
tenderness, while infrahepatic but
suprarenal invasion may present
with renal dysfunction; a patient
with infrarenal invasion may
demonstrate bilateral leg edema.2

Finally, leiomyosarcoma with IVC
involvement, regardless of location,
has the potential for pulmonary
embolism. Contributing to this
increased risk is the hypercoagu-
lable state seen in malignancy
as well as the propensity for
tumors with vascular involvement
to form thrombus with subsequent
embolization.

Retroperitoneal leiomyosarcomas
are most commonly diagnosed
using CT or MRI.4 Extravascular
growth pattern is the most com-
mon, accounting for more than
60% of cases, while extravascular
tumor growth with intravascular
involvement occurs in approximately
30% of cases.4 Vascular involvement
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increases the chances of metastasis
during diagnosis, with metastases
seen in 9% and 23% of extravascular
tumors vs tumors with intravascular
involvement, respectively.5 Common
sites of metastasis include the lung,
liver, and peritoneum.

Retroperitoneal leiomyosarcomas
generally demonstrate a heteroge-
neous pattern on CT. In tumors
with vascular involvement, a
relatively smaller extravascular
component may suggest that the
tumor originates from the IVC
smooth muscle itself, whereas
a large extravascular component

suggests an extraluminal etiology
with secondary IVC involvement.
Definitive histological diagnosis is
required for planning of neoadju-
vant therapy.6 Image-guided biopsy
enables the correct diagnosis,
including establishing the tumor
subtype.7

Surgical resection offers the best
opportunity for survival, demon-
strating a 5-year disease-free survival
of 20-56%.3 In comparison, patients
who do not undergo resection
typically survive less than 1
year. Resectability in patients with
vascular involvement depends on

the tumor location and structures
involved; IVC reconstruction may be
an option.8 In patients demonstrat-
ing signs and symptoms from IVC
occlusion, including downstream
organ dysfunction, bridging stent
placement may benefit the patient.
The aim of stent placement is to
improve quality of life and optimize
overall preoperative patient status
via restoration of vessel patency.9

Literature on stenting in malig-
nant IVC syndrome is scarce, but
data are promising, with reported
success rates of 78-100%.10 Stent
placement has risks including stent
migration and vessel perforation;
therefore, this primary palliative
management option should be
reserved for patients experiencing
severe symptoms and decreasing
quality of life or who could otherwise
become surgical candidates with
improvement of status. In patients
who are not candidates for surgical
resection, treatment options include
chemotherapy and radiation therapy.

Conclusion
Retroperitoneal leiomyosarcoma

is a rare soft-tissue malignancy
with an often delayed presentation.

Figure 1. Coronal reformation of CT of (A) the abdomen/pelvis with oral and intravenous contrast demonstrates a retroperitoneal mass extending into
the intrahepatic IVC, (arrow). Sagittal reformation (B) demonstrates IVC invasion by the tumor. Axial CT (C) demonstrates the large, heterogeneous mass
originating from the right psoas muscle.
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Figure 2.
Contrast-enhanced
imaging demonstrates
obstruction of the
suprarenal IVC.
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Imaging aids in determining
the diagnosis however, biopsy is
typically required. Patients with
vascular involvement generally
present earlier owing to signs and
symptoms however, these patients
are also less likely to be surgical
candidates. Bridging stent placement
for symptomatic improvement has
shown promise in these patients.
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“Never confuse movement with action.”
—Ernest Hemingway

Actionable Reports
C. Douglas Philips, MD

A new item we are all talking about, meeting
about, doing “projects” on, and perseverating on at
a very unhealthy level is this concept of “action-
able” elements in reports. You found something,
someone needed to do something to further figure
it out, you suggested how. We’re told that is part
of our job; I think the residents and fellows have
been filled to the brim with this concept. There
are IT programs now to look at your reports, find
“actionable” items, and follow up on them. Dive
into the EMR and see if this is being “actioned.”

Okay, everyone gets an opinion. You are going to
hear mine.

I do NOT have an issue with radiologists finding
things (obviously), occasionally not knowing what
those things are, suggesting ways to figure out
those things, and signing off on a report, sending
it along to the referring clinician and into the
EMR. However, I have a real issue with being held
responsible if the people I suggest ways to figure
things out then choose to totally and utterly ignore
me. Some of these programs I have seen literally
go as far as to harass the other parties to “act” on
your suggestion.

Here’s the deal: In a way, by doing nothing they
have “acted” on your suggestion. They chose to
ignore it. I get it; perhaps they are busy and just
overlooked the suggestion in an expensive study

performed for a patient with a presumably real,
legitimate problem. Maybe it was an incidental
thing, and they are working on the current issue
right now and will get to the incidental thing later.
I don’t know. But, do I really contribute to patient
care by pestering someone over and over again
with my previous suggestion?

When I did some clinical medicine, people
would ask for “consults” and the consultant might
get a little off track, suggest a mega-workup
or millions of tests for something they were
concerned about, and occasionally the treating
docs would view it all in the context of the patient
and the things they knew, and then just say no,
maybe laugh it off, thank the consultant for the
input, and move along.

We as radiologists can’t seem to take no for an
answer. We have an “actionable” item in our report
and we want you on it. Today. And we will hassle
you until you do.

I think many folks way smarter than me have
likely already dove into this and have some
answers. I’d like to hear them. Hemingway was on
point here, as was often the case. Even if we see
movement, maybe that’s not an appropriate action.
Responsibility for the action, in my opinion, seems
to lie a bit further afield.

Keep doing that good work. Mahalo.

WET READ
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