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Sepsis-induced Rapid Left Ventricula
Calcification

Sherif Moawad, MD; Ahmad Kattan, MD; Terrence Lewis, MO

EMAIL ANNOUNCEMENT

Anadult presented to the emergen-
cy department with fever and sepsis
7 days postpartum. Pregnancy course.
and delivery were uncomplicated.
Blood cultures were positiv for group
Astreptococcus, and aggressive anti
biotics and supportve management
were initated. Shortly afterward, the
patient arrested and was placed on
extracorporeal membrane oxygen-
ation (ECMO) afer attemptsto restore
cardiac rhythm failed. Acute renal
failure disseminated intravascular
coagulation (DIC), and generalized
ecchymosis with skin blisters occurred
on the second day: A noncontrast
computed tomography (CT) scan of the
chest on day 5 revealed acute respi-
ratory distress syndrome (ARDS) and
early calcfication ofthe left ventricu-
ar papillary muscles and myocardium
with sparing of the endocardium. This
finding was confirmed by echocardi-
ography. The calcifications appeared
images;
h i .

Diagnosis

ventricular calcificatior

Imaging Findings ‘These finding were confirmed by

demonstrated Discussion
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avad) Universityof Toledo Medical i
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GUEST EDITORIAL

Global Health Imaging Goes
Beyond Radiology

Pradnya Mhatre, MD, MRMD (MRSC); Reed A. Omary, MD, MS

Three years ago, Applied Radiology introduced a new department, “Global Health Imaging,” dedi-
cated to highlighting radiological issues of worldwide importance. Your enthusiastic and sustained
engagement with this topic has encouraged us to create an entirely new section of our Editorial
Advisory Board focused solely on global imaging.

This section will be based on the same mission that has guided the department since its in-
ception; ie, to bring the international medical imaging community together to share ideas on a
multitude of issues affecting imaging professionals and patients worldwide.

Applied Radiology will serve as a dedicated platform for healthcare workers engaged in this
important endeavor. Our expansion emphasizes the rising importance of medical imaging around
the world, especially at a time when we find ourselves navigating numerous geopolitical conflicts.

We will include global health projects undertaken by a broad array of radiology organizations
and individuals working in low- and middle-income countries (LMICs). By sharing our insights
and experiences, we can collectively learn how to generate greater long-term impact on health-
care and radiology throughout the world.

We will also highlight such diverse facets of radiology as health equity, an important aspect wor-
thy of greater attention as dozens of LMICs rise from centuries of colonialism. We will be mindful
of how colonialism intersects with health projects in LMICs, as well as how tools such as global
information systems can be used to distribute healthcare resources equitably in these regions.

As it has done so here in the US, artificial intelligence (AI) has emerged as a powerful ap-
proach to advance access to radiology in many other countries. Indeed, innovative Al applica-
tions can address the shortage of skilled healthcare workers, including imaging professionals, in
remote settings.

However, our goal will also be to highlight the need to tailor AI use across different LMICs,
in recognition of the fact that no one solution is equally effective in all settings. We will also
delve more deeply into the ethical considerations surrounding Al and the data it generates
from these regions.

We will also strive to include environmental impacts on medical imaging, and vice versa, in the
discussion within these pages. The World Health Organization has identified climate change as
the greatest health threat to humanity. We humans are just one of over two million interconnected
species on our planet.

The emerging concept of “planetary health” recognizes the links among human health, that of
all other living organisms, and the overall condition of Earth. As radiologists, we can play a crucial
role in addressing healthcare issues related to climate change. Indeed, we can teach medicine and
society that climate care is healthcare.

Ultimately, we believe this new section can play an important role in fostering greater collab-
oration among policymakers, public-private partnerships, industry, governments, and non-gov-
ernmental organizations to improve access to high-quality healthcare overall, and to high-quality
medical imaging, in particular.

Thank you for helping us achieve this important milestone at Applied Radiology. We look for-
ward to working with all of you to help improve the health of our patients, our communities, and
our planet. As radiologists, we believe this is more than just an opportunity.

It is also our responsibility.

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

Knee Osteoarthritis

Description

Genicular artery embolization

(GAE), previously used to manage
recurrent hemarthrosis after total

knee arthroplasty (TKA), is now being
actively investigated for managing
symptomatic moderate to severe
osteoarthritis (OA) in patients resistant
to medical/conservative treatment and
not eligible for TKA.

This activity is designed to educate
radiologists about the pathophysiology
of OA, mechanism of action of GAE

on alleviating the symptoms, GAE’s
procedural technique, safety profile,
and recent advances.

Learning Objectives

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

= Describe the pathophysiology of OA.

= Explain how embolization helps
improve patient symptoms.

= Explain the patient’s procedural
candidacy.

= Explain the vessel pruning technique
employed in this embolization
procedure.

Target Audience

= Radiologists
= Related Imaging Professionals
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Genicular Artery Embolization for
Symptomatic Knee Osteoarthritis

Ali Husnain, MD; Shah Jamal Wali, MBBS; Wali Badar, MD; Osman Ahmed, MD

Knee osteoarthritis (OA) is one of
the leading causes of chronic disabil-
ity in adults, affecting more than 9.3
million Americans.! Many options for
managing OA-associated symptoms
exist, ranging from conservative
therapy to invasive total knee replace-
ment. Conservative treatment in-
cludes weight loss, aerobic and mus-
cle-strengthening exercises, NSAIDs,
and tramadol.? Intra-articular steroid
injections are an accepted therapy,
but hyaluronic acid use remains con-
troversial, as studies have reported no
significant benefit compared to other
conservative therapies.>* Further,
intra-articular steroids may accelerate
the progression of OA.*®

Total knee arthroplasty (TKA)
is a well-established treatment for
osteoarthritis; however, not every
patient is an ideal candidate for TKA,
owing to underlying comorbidities.®
Elderly patients with comorbidities,
moreover, may be at increased risk
of periprosthetic bone fracture. Ad-
ditionally, the daunting postoperative
recovery period serves as a deterrent
for patients considering TKA.5’

Genicular artery embolization
(GAE) is a minimally invasive proce-
dure that has shown benefit for man-
aging recurrent hemarthroses post-
TKA.® Recently, GAE has been used to
treat medically refractory OA-related
pain in patients who are not eligible
for or who do not desire to undergo
surgery. Multiple clinical trials have
demonstrated the efficacy of GAE in
controlling pain with an acceptable
safety profile.”* In this review, we
will discuss the pathophysiology of
OA, along with procedural details and
recent advances regarding GAE.

Pathophysiology of
Osteoarthritis

Osteoarthritis once was consid-
ered a degenerative process from
progressive wear and tear of the
joint. However, recent research has
demonstrated that OA is mediated
by an inflammatory cascade and
represents a key clinical phenotype
of the disease.'”*

When the intraarticular tissues are
exposed to excessive or abnormal

Affiliations: Department of Radiology, Section of Interventional Radiology, Northwestern University, Chicago,
Illinois (Dr Husnain); Department of Radiology, King Edward Medical University, Lahore, Pakistan (Dr Wali);
Department of Radiology, Section of Interventional Radiology, University of Illinois at Chicago, Chicago, Illinois
(Dr Badar); Department of Radiology, Section of Interventional Radiology, University of Chicago, Chicago, Illinois
(Dr Ahmed). Dr Ahmed is also a member of the Editorial Advisory Board of Applied Radiology.

©Anderson Publishing, Ltd. All rights reserved. Reproduction in whole or part without express written permission is strictly prohibited.
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stress, they generate inflammatory
mediators (chemokines and cytokines)
and proteases (matrix metalloprotein-
ases), which lead to an inflammatory
cascade and alteration of the normal
balance between cartilage breakdown
and restoration. Chronic bone and
synovial inflammation stimulate vas-
cular endothelial cells to form aberrant
neovasculature in response to an im-
balance between pro-angiogenic and
anti-angiogenic factors. Pro-angiogenic
factors consist of prostaglandin E2,
histamine, vascular endothelial growth
factor, interleukin-1, platelet-derived
growth factor, and nitric oxide.”” In
addition, unmyelinated sensory nerves
grow around the neovasculature,
resulting in pain-related symptoms.?

It is proposed that embolization of the
hyperemic knee vasculature curtails
this inflammation, inhibiting angio-
genesis and proliferation of unmyelin-
ated nerve fibers. Significant reduction
in nerve growth factor, a pain and
cartilage destruction mediator in OA,
have been demonstrated after GAE.”

Animal Models

The synovial changes in OA and
the effects of GAE have been evalu-
ated in animal studies. Korchi et al
confirmed the presence of synovial
inflammation and hypervasculariza-
tion in knee OA of a canine model

March / April 2024



Figure 1. Lateral compartment pain in an
adult with bilateral knee osteoarthritis. (A)
Anterior-posterior projection DSA following
left SFA injection demonstrates genicular
arterial anatomy (arrows) including the
descending genicular artery (DGA, blue),
lateral superior genicular artery (LSGA,
black), lateral inferior genicular artery
(LIGA, red), anterior tibial recurrent artery
(ATRA, yellow). (B) Selective catheterization
of the LIGA (blue arrow; parent vessel)
demonstrates significant hyperemia

and neo-angiogenesis along the lateral
compartment (green arrow; target vessel).
This vessel was subsequently embolized
with 0.4cc of 200-micron microspheres. (C)
Postembolization demonstrates successful
embolization and pruning of the hyperemic
target vessels (green arrow) with preserved
flow within the parent genicular artery
(blue arrow). (D) Selective catheterization
of the LSGA (blue arrow; parent vessel)
demonstrates additional hyperemia and
neo-angiogenesis along the superior-lateral
aspect of the joint (green arrow; target
vessel).

Note the BB markers placed at the sites

of the patient’s focal pain. (E) Post
embolization with 0.5cc of 200-micron
microspheres demonstrates pruning of
hyperemic target vessels (green arrow)
with preserved flow within the parent LSGA
(blue arrow).
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using a comprehensive imaging
approach and reported a positive
correlation of image findings with
histopathological analysis. Imaging
included conventional MRI, dynamic
contrast-enhanced MRI, contrast-
enhanced MRI, and quantitative
digital subtraction angiography
(Q-DSA). The study also underscored
the role of early imaging in diagnosis
and monitoring disease progression.*
Ro et al evaluated the efficacy of
GAE by randomly assigning rabbit
knee OA models to GAE or sham
interventions.” A significant de-
crease in synovial inflammation and
CD3+ cell infiltration was reported
among the GAE group, indicating
the procedure’s potential to mitigate
OA-related symptoms.

Workup and Selection Criteria

Osteoarthritis severity is graded
according to the Kellgren-Lawrence
(KL) classification model based
on radiographic findings such as
presence of osteophytes, joint space
narrowing and sclerosis.* Subjective
scoring methods for assessing symp-
tom severity include the Western
Ontario and McMaster Universities
Osteoarthritis index (WOMAC), the
Knee Injury and Osteoarthritis Out-
come Score (KOOS), and the visual
analog scale (VAS). WOMAC (total
score range: 0-96; pain sub-scale
score range: 0-20) and KOOS (range:
0-100) involve parameters such as
pain, stiffness, physical function,
activities of daily living, sport and
recreation function, and related
quality of life. The VAS considers
only one parameter: pain (range:
1-10). Imaging metrics are also some-
times used to quantify symptom
severity, known as whole-organ mag-
netic resonance scoring (WORMS).
This approach utilizes conventional
MR images and comprises fourteen
articular features, focusing on artic-
ular cartilage loss and osteophytes,
which are recognized as central to
OA pathophysiology.”

Applied Radiology
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The GAE selection criteria typi-
cally involve patients with radiog-
raphy-proven, moderate-to-severe
OA (within 3 months), who are
experiencing moderate to severe
pain (VAS > 3), that persists despite
conservative treatments (for at least
6 months), and who are ineligible
for (or not desiring not to undergo)
TKA. Generally accepted contraindi-
cations include rheumatoid or other
inflammatory arthritis, irreversible
coagulopathy, acute knee trauma
mandating surgery, prior partial or
total knee replacement in the ipsilat-
eral knee, lower-extremity arterial or
venous insufficiency, severe iodinat-
ed contrast allergy or eGFR < 45. Pre-
procedural MRI is often performed
to rule out other underlying sources
of pain and poor treatment response,
such as structural abnormalities or
malignancy. A thorough history and
physical examination are performed
and symptom severity is assessed
using the subjective scoring methods
described above, with majority of the
current studies using WOMAC as the
scoring tool.?

Procedural Technique/
Vascular Pruning Technique

Preparation and Setup

GAE is generally performed under
moderate sedation on an outpatient
basis. Routine prerequisites such as
performing basic lab investigations,
discontinuing oral anticoagulants,
and securing informed consent
are completed, and pain sites are
identified with radiopaque markers
for precision.”

Access and Catheterization

Three approaches can be used to
access the femoral artery: Ipsilateral
antegrade, contralateral retrograde,
and retrograde pedal.” Access is
obtained under local anesthesia
and ultrasound guidance, then an
angiographic catheter is advanced
to the distal superficial femoral

artery, a critical step in identifying
the genicular branches responsible
for the hyperemic regions near the
radiopaque markers. Further refine-
ment is achieved by introducing and
advancing a microcatheter, often
1.7-2.4-French in size, super-se-
lectively into the genicular arteries
for precise targeting. Lower-profile
microcatheters (< 2 -French) may be
considered to enhance navigational
ease in complex anatomy.?

Contrast and Embolization

Contrast is administered from the
distal superficial femoral artery above
the origin of the descending genicular
artery. Both early and delayed phase
DSA are deployed to facilitate the
identification of genicular arteries or
any anatomical variants and target
hyperemic areas (Figure 1). Addition-
ally, cone-beam CT and angio-CT can
be used to map the feeding vessels
and to determine vessel obliquity.”
Once the target vessel is reached,
the “pruning” method is employed
to inject embolic material (minis-
cule aliquots ranging 0.1-0.4 mL) to
achieve sub-stasis.

This technique effectively clears
hyperemic vessels while simultane-
ously ensuring sustained flow within
the parent genicular artery and
thereby mitigating the risk of
ischemic complications.? This was
validated in a pilot study by Badar et
al, who reported favorable clinical
outcomes and significant perfusion
reduction in the target vessels with
preserved flow in the parent vessel.”
For enhanced precision, micro-
spheres can be diluted with the
appropriate ratio of contrast and
saline and injected under fluoroscop-
ic guidance.””?® The six main target
vessels are the descending genicular
artery (DGA), the superior medial
genicular artery (SMGA), the inferior
medial genicular artery (IMGA), the
superior lateral genicular artery
(SLGA), the inferior lateral genicular
artery (ILGA), and the anterior tibial
(ATRA) artery.!®
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Table 1. Clinical outcomes of genicular artery embolization studies*

YEAR PUBLISHED NO. OF AGE K-L GRADE EMBOLIC USED CHANGE IN VAS CHANGE IN WOMAC
(DESIGN) PATIENTS (MEAN) AT 6 MONTHS AT 6 MONTHS
Okuno et al.® 2015 14 65.2 0-2 IPM/CS, Embozene - -
(Pros)
Okuno et al.® 2017 72 64.4 1-3 IPM/CS, Embozene -73.6% -69.4%
(Pros)
Lee et al.** 2019 41 67.2 1-3 IPM/CS -65.4% -
(Retro)
Lander et al.*? 2020 10 62.2 1-3 PVA, IPM/CS - -
(Pros)
Bagla et al.*® 2020 20 59.4 1-3 Embozene -59.2% -49.18%
(Pros)
Little et al.* 2021 38 60 1-3 Embosphere - -
(Pros)
Padia et al.®® 2021 40 69 2-4 Embozene -62.5% -62.5%
(Pros)
Bagla et al.*® 2022 21 63.5 1-3 Optisphere -75% -54.8%
(RSC)
Sapoval etal.®> 2023 22 66 >2 loversol/ - -
(Pros) Ethiodized oil
Abbreviations: Pros: Prospective; Retro: Retrospective; RSC: Randomized Sham-Controlled; KL: Kellgren-Lawrence; IPM/CS: Imipenem/Cilastatin sodium;
PVA: polyvinyl alcohol; VAS: visual pain analog; WOMAC: Western Ontario McMaster Universities Osteoarthritis Index
*For the sake of simplicity, only the 6-month follow-up outcomes were included for this table.

Assessment, Additional Treatment,
and Postprocedure Care

The resolution of distal hypervas-
cularity while keeping the parent
genicular artery and its branches
patent marks the technical success of
the procedure. Patients are advised
to remain supine and maintain their
access leg straight in the recovery
area for four hours. A steroid taper,
such as post-procedure methylpred-
nisolone, and 500 mg naproxen twice
a day for five days, can be prescribed
to manage short-term postprocedure
inflammation and pain.”

Follow-up

Clinical success is determined by
amelioration of symptoms at 1, 3, 6,
and 12-month follow-up and based
on the scoring methods. Physical
exams are also performed to rule out
any potential adverse events. In the
majority of cases, patients with mild
to moderate OA report significant im-
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provement within 1-3 months, which
may last for years.” For severe OA,
studies have reported initial symp-
tom improvement with relapse on
long-term.!"** In cases of persistent
symptoms, repeat intervention has
been described.* For patients who
remain non-responsive to treatment,
TKA remains a viable option.!?415

Types of Embolic Agents

The particulate embolics can be
categorized into temporary and
permanent. Effective temporary
embolics encompass imipenem/
cilastatin sodium (IPM/CS).>** IPM/CS
represents a combination of antibi-
otic crystals that generate transient
embolic effects when blended with
a contrast medium, resulting in
particle sizes between 10 and 70 pm.*
Permanent embolics ranging in size
from 70-300 um have also been used
in certain studies that prove their

efficacies. These include Embozene
(75-100 pm; Varian Medical Systems,
Palo Alto, CA), Embospheres (100-300
um; Merit Medical Systems, South
Jordan, UT), Optisphere (100-300 pm;
Medtronic, Minneapolis, MN), and
polyvinyl alcohol (10-70 pm; Contour,
Boston Scientific, Marlborough,
MA).10113132 More recently, ethiodized
oil-based emulsion (ioversol/ethio-
dized oil) (Optiray/Lipiodol; Guerbet,
Villepinte, France) has been evaluated
in a prospective study with significant
results.® Still, the choice of ideal em-
bolic remains a matter of debate.

Adverse Events

The most common adverse events
(Society of Interventional Radiology
class A and B, Cardiovascular, and
Interventional Radiological Society
of Europe grade 1 and 2) associated
with GAE are skin changes, including
but not limited to transient erythema,
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discoloration, and ulceration result-
ing from non-targeted embolization
of cutaneous arteries; puncture

site hematoma; paresthesia; and
fever. No serious adverse event has
been reported.®

A systematic review by Casadaban
et al reported transient skin erythema
in 11% (21/186) of patients across
three included studies. Embozene
exhibited a higher rate (63%) and
longer duration (1-3 months) com-
pared to IPM/CS (2.5% and 3 weeks,
respectively). The plausible reason
for this disparity may be the perma-
nent nature of embozene compared
to IPM/CS. Puncture site hematoma
was reported in 10% (18/186) patients,
with resolution within 1-3 weeks.
Bagla et al reported paresthesia in
the great toe and plantar region in
two cases, which ultimately resolved
within two weeks." Lee et al reported
a sole instance of fever that subsided
within a day, with a prevalence of
0.5% among 186 cases.! Padia et al
reported hematoma formation at the
femoral puncture site, which resolved
without any sequelae. Skin ulceration
was reported in 18% (7/40) of patients
and did not require any treatment.
Two small, asymptomatic bone
infarcts in non-weight bearing areas
were identified on a 3-month fol-
low-up MRI. One case of fat necrosis
was found in the lower thigh.'

The risk of cutaneous ischemia
can be alleviated by applying ice
packs to the affected knee skin to
induce vasoconstriction before
embolization. Padia et al reported a
reduction from 18% to 0% by utiliz-
ing this technique.’ Furthermore,
higher microsphere volumes (= 3
mL) in one setting were reported to
be associated with increased risk of
cutaneous adverse events.” How-
ever, this volume cutoff pertains
to a specific embolic type (200 um
Hydropearl microspheres) and
dilution method (1:3) which limits
generalizability to other embolics.
More studies are needed to consoli-
date this volume threshold.
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Anatomical Variants of the
Geniculate Arteries

The popliteal artery is the continu-
ation of the superficial femoral artery.
At the knee joint level, the popliteal
artery gives the DGA that supplies
the anterior portion of the knee joint.
Below the origin of the DGA are the
SLGA and the SMGA, which supply
the lateral and medial portions of
the knee joint, respectively. More
distally, arising from the popliteal
artery, are the ILGA and IMGA.
Finally, the ATRA, which arises from
the anterior tibial artery, is the most
inferior artery supplying the knee.
Bagla et al proposed a classification
system for the arteries of the knee
joint by analyzing the angiographic
findings from 41 GAE procedures.
The following branching patterns
were observed: M1 (presence of all
three medial branches: DGA, SMGA,
IMGA), M2 (presence of two of the
three medial branches: either DGA
and SMGA, or DGA and IMGA), L1
(presence of all three lateral branch-
es: SLGA, ILGA, ATRA) and L2 (pres-
ence of two or three lateral branches:
either ATRA and SLGA, or ATRA and
ILGA). Understanding these variants
is crucial as it may help decrease the
risk of non-target embolization and
prolonged radiation exposure.

Outcomes of GAE

Since 2015, the efficacy of GAE in
reducing VAS, WOMAC, and KOOS
scores has been demonstrated in
multiple studies. These include:

+ A 2015 prospective pilot study of
11 patients that found significant
improvement in WOMAC scores at
12 months compared to baseline.’

+ A 2017 prospective study of 72
patients demonstrated significant
improvement in WOMAC scores
at 12 months, as well as WORMS
scores at baseline and 2 years
postprocedure showing significant
improvement in synovitis.'

+ A 2019 retrospective study of
41 patients with severe and
mild-to-moderate knee OA demon-
strated significant improvement
through 10 months. In the severe
OA group, the VAS score returned
to baseline at the 3-month fol-
low-up.™A detailed breakdown of
these and five other studies show-
ing the impact of GAE on knee OA
is provided in Table 1.

Future Steps and Possible
Limitations in Implementation

These studies have included only
patients with mild-to-moderate (KL
1-3) OA. Less is known about the
outcomes of GAE in severe OA with
KL 4. Moreover, studies comparing
TKA or intra-articular steroids with
GAE and different types of embolic
agents could provide more explicit
evidence. Results from the MOTION
3 (GAE vs intra-articular steroids)
and GAUCHO (IPM/CS vs micro-
spheres) trials, for example, are
expected in the near future.

Current literature comprises
single-arm and small, randomized
studies. In addition, some studies
have also reported positive place-
bo effects with sham procedures.
Therefore, the ongoing GENESIS
2 (double-blinded randomized sh-
am-controlled) trial with large sam-
ple size could provide robust results.
Outcomes in most of the studies
have been reported based on subjec-
tive scoring methods. For instance,
pre- and postprocedure WORMS was
evaluated in only one study.'®

Furthermore, new objective
measures identified by Taslakian
et al** and Badar et al® are paving
the way to better understanding
of treatment effects and warrant
further research. Studies involving
patients from different geographical
areas and ethnicities would also be
helpful, as studies performed thus
far have focused on only a few geo-
graphical regions.
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Chronic Mesenteric Ischemia: Mesenteric
Artery Duplex Sonography and the Utility
of Postprandial Imaging

Kaitlin M. Zaki-Metias, MD; Rajbir S. Pannu, MD; Nicholas Mills, MD; Tima F. Tawil, MD; Bilal Turfe, MD;
Stephen M. Seedial, MD, RPVI; Kevin K. Hannawa, MD

Chronic mesenteric ischemia
(CMI), also referred to as abdominal
angina, is characterized by gradually
worsening perfusion of the bowel
as a consequence of narrowing
of the celiac artery (CA), superior
mesenteric artery (SMA), and/or
inferior mesenteric artery (IMA).!
The majority of the small and large
bowel is supplied by branches of the
SMA; however, owing to the signif-
icant collateral blood supply of the
mesentery, typically more than one
mesenteric artery must be compro-
mised to manifest symptoms of CMI.
Most often the result of atheroscle-
rosis, CMI also may sometimes be
caused by fibromuscular dysplasia
and vasculitis.! Risk factors include

increased age, female gender, and
comorbidities that predispose to
atherosclerosis, such as smoking and
diabetes. Patients often present with
postprandial pain, weight loss, and
food aversion.?

The American College of Radiology
(ACR) Appropriateness Criteria® states
that abdominal duplex sonography
“may be appropriate” as initial im-
aging in symptomatic patients with
suspected CML.* However, the poten-
tial drawbacks of ultrasonography of
the mesenteric vasculature, such as
technical difficulty in visualization
due to bowel gas, are considered in the
ACR’s recommendations. Computed
tomographic angiography (CTA) or
magnetic resonance angiography
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(MRA) of the abdomen and pelvis are
considered “usually appropriate” per
the ACR Appropriateness Criteria®,
although CTA has proven to be most
accurate, with the highest inter-read-
er agreement relative to MRA

and ultrasound.?

Ultrasonography is a cost-effective
and noninvasive way to evaluate for
CMI in symptomatic patients. The
examination consists of grayscale
and color Doppler imaging of the
aorta, CA, SMA, and IMA, in addition
to spectral Doppler evaluation with
measurement of the peak systol-
ic velocity (PSV) at the proximal
portion of each artery (Figure 1).
End-diastolic velocity (EDV) and PSV
ratios relative to the aorta may also
be obtained based on institutional
protocol. Ultrasound may provide
additional information regarding
functional flow limitations that will
not be evident on nondynamic CTA
or MRA imaging.

Ultrasound Evaluation of
Chronic Mesenteric Ischemia
in the Fasting State

Sonographic examination is best
performed in the fasting state to re-
duce artifact and interference from
bowel gas.? Although no universally
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Chronic Mesenteric Ischemia: Mesenteric Artery Duplex Sonography and the Utility of Postprandial Imaging

Table 1. Recommended criteria for PSV and EDV with the highest accuracy suggestive of CMI.3¢

All velocities expressed as cm/s.

NORMAL PSV PSV SUGGESTING PSV SUGGESTING NORMAL EDV EDV SUGGESTING EDV SUGGESTING
>50% STENOSIS >70% STENOSIS >50% STENOSIS >70% STENOSIS
CA 80-200 240 320 19-74 40 100
SMA 50-160 295 400 10-63 45 70
IMA 93-189 250 270 <20 90 100

Figure 1. Fasting duplex
sonography of the SMA
showing normal waveforms
with continuous forward flow
and a normal PSV of 183 cm/s
measured at the origin of

the SMA (cursor overlies the
ostium/proximal SMA).

accepted criteria or standards exist
for diagnosing CMI based on fasting
PSV, multiple studies recommend a
cutoff ranging from 200-320 cm/s in
the CA and 275-400 cm/s in the SMA
to be suggestive of at least 70% steno-
sis in these vessels (Table 1).%*

A 2012 study by AbuRahma et al
found PSV values to be more accu-
rate in discerning hemodynamically
significant arterial stenosis of greater
than 50% and greater than 70%
compared to EDV and SMA or CA/
aorta PSV ratios.* Cutoff PSV values
of 295 cm/s and 400 cm/s in the SMA
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correspond to >50% (sensitivity 87%,
specificity 89%, accuracy 88%) and
>70% stenosis (sensitivity 72%, speci-
ficity 93%, accuracy 85%), respective-
ly (Table 1).* Slightly lower PSV mea-
surements are used as the cutoff in
the CA, with PSV of 240 cm/s and 320
cm/s correlating with >50% (sensi-
tivity 87%, specificity 83%, accuracy
86%) and >70% stenosis (sensitivity
80%, specificity 89%, accuracy 85%),
respectively (Table 1).* End-diastolic
velocities have been found to have
markedly lower sensitivity for he-
modynamically significant stenosis,

ranging from 58-84%, although
some institutions continue to obtain
these measurements as part of their
imaging protocol.*

Peak systolic velocity ratios of the
interrogated vessel and aorta can
also be utilized to assess for func-
tional flow limitations secondary to
stenosis relative to the aorta. Superi-
or mesenteric artery/aorta PSV ratios
of 3.5 and 4.5 in the SMA correspond
to >50% (sensitivity 69%, specific-
ity 78%, accuracy 73%) and >70%
stenosis (sensitivity 67%, specificity
83%, accuracy 78%), respectively.*

Applied Radiology
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Figure 2. Fasting duplex sonography of
the CA showing normal waveforms with
continuous forward flow and a normal
PSV of 139 cm/s.

Chronic Mesenteric Ischemia: Mesenteric Artery Duplex Sonography and the Utility of Postprandial Imaging

Figure 3. Fasting (A) and postprandial (B) duplex sonography of the CA showing normal waveforms with continuous forward flow and a PSV of 225
cm/s in the fasting state and 298 cm/s in the postprandial state. This constitutes a normal postprandial rise in PSV (32%).

16

Conversely, CA/aorta PSV ratios of
2.75 and 4.5 in the SMA correspond
to >50% (sensitivity 81%, specific-
ity 71%, accuracy 78%) and >70%
stenosis (sensitivity 75%, specificity
87%, accuracy 82%), respectively.*
Although renal/aorta PSV ratios are
commonly used for assessing renal
artery stenosis, they are generally
not as accurate as the PSV in detect-
ing >50% and >70% stenosis of the
SMA and >50% stenosis of the CA.*

Applied Radiology

Postprandial Ultrasound in
the Assessment of Chronic
Mesenteric Ischemia

The role of postprandial sonogra-
phy remains controversial, although
several studies have documented its
potential utility. Fasting sonogram
findings are typically sufficient to
suggest a diagnosis of CMI, although
postprandial imaging may be
performed as a sort of “stress test,”

analogous to a cardiac stress test to
evaluate for coronary artery disease.
Typically, a standard 250-calorie,
mixed liquid meal (240 mL) is rapidly
ingested by the patient prior to post-
prandial imaging.®’

However, imaging performed in
the postprandial state often results in
fluctuations in PSV measurements,
which may lead to lack of reproduc-
ibility and variations in interpreta-
tion.” For instance, a 1995 study by
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Figure 4. Fasting duplex sonography of
the SMA showing normal waveforms with
continuous forward flow and a normal PSV
of 98.9 cm/s.

Figure 5. Fasting (A) and postprandial (B) duplex sonography of the SMA showing normal waveforms with continuous forward flow and a normal PSV of

225 cm/s in the fasting state and 315 cm/s in the postprandial state. This constitutes a normal postprandial rise in PSV (40%).

Gentile et al found that the combi-
nation of fasting and postprandial
duplex ultrasound was less sensitive
than fasting mesenteric duplex
ultrasound alone.® Furthermore, the
literature on postprandial mesen-
teric arterial sonography is limited
and its utility has not been clearly
demonstrated.®?

The CA demonstrates a low-resis-
tance pattern with EDV and continu-
ous forward flow during both systole
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and diastole with blood flow pattern
independent of food intake (Figures
2,3).” The SMA and IMA demonstrate
a high-resistance pattern with low
diastolic velocities in the fasting state
(Figures 4,5). The normal physiologi-
cal response to a meal is vasodilation
of the mesenteric arteries to allow
for increased blood flow during di-
gestion, resulting in elevation of PSV
and EDV of the mesenteric arteries.’
Some studies have found that both

velocities increase after a meal,

with at least a doubling of the SMA
EDV, while others suggest a modest
physiological increase in PSV of
20%-30%.%'° Overall, increased post-
prandial velocities are suggestive of
patency of the mesenteric arteries.
In cases of mesenteric arterial steno-
sis, the normal postprandial velocity
increase would be blunted, resulting
in insufficient circulation to the
bowel. The failure of PSV to increase
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at least 20%-30% between fasting and Figure 6. Fasting (A) and postprandial (B) duplex sonography of the SMA showing
abnormal waveforms with aliasing and an elevated PSV of 391 cm/s in the fasting state,
) indicating at least 50% stenosis. The postprandial PSV is also elevated at 433 cm/s,
greater than 70% hemodynamically which constitutes only a 10% rise between the fasting and postprandial states, less
significant stenosis (Figure 6).5° than the expected 20-30% rise. While supporting the diagnosis of SMA stenosis, the
postprandial PSV does not add much more information.

postprandial states is indicative of

Previous studies have demon-
strated that postprandial imaging n
provides useful information regard-
ing functional flow limitation in
symptomatic patients with other-
wise normal fasting imaging; the
hemodynamic stress of feeding has
been proposed as a source of addi-
tional information in symptomatic
patients.™ A 2013 study by Zach-
risson et al found that, in patients
with postprandial pain, PSV did not
significantly increase after feeding
when compared to those without
postprandial pain, although mesen-
teric stenosis was not confirmed by
CT or catheter angiography, suggest-
ing that postprandial imaging may
provide information about collateral
reserve flow capacity.’?

In theory, postprandial imaging
may provide additional information
on functional flow to the bowel
after caloric stress, given that the
criteria used to diagnose stenosis on
postprandial images does not include n
collateral vasculature. However,
the potential exists for a high rate
of false positives. Collateral vessels,
such those of the pancreaticoduode-
nal arcade, allow for adequate per-
fusion of the bowel despite hemody-
namically significant stenosis in the
primary feeder artery.®*? Therefore,
if bowel perfusion results primarily
from compensatory flow through
collateral vessels, flow velocity in
the primary artery may not increase
after the caloric bolus, resulting in a
false positive finding.

Reliance on postprandial PSV
elevation as a measure of vessel
patency may be skewed, as compen-
satory collateral circulation, such as
via the pancreaticoduodenal arcade,
may allow for adequate perfusion
and an increase in postprandi-
al PSV despite critical proximal
stenosis.'? Additionally, including
postprandial sonography in the
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Figure 7. Fasting (A) and postprandial (B)
duplex sonography of the SMA showing
normal waveforms with continuous
forward flow and a normal PSV of 234
cm/s in the fasting state and 372 cm/s in
the postprandial state. This constitutes

a normal postprandial rise in PSV (58%).
However, this case was interpreted as
SMA stenosis, with the ultrasound report
reading, “Preprandial and postprandial
velocity parameters suggesting at least

70% stenosis.” Sagittal contrast-enhanced
CT of the abdomen (C) performed one

week later for abdominal pain showed mild
calcified plaque without significant stenosis
of the SMA (arrow). In this case, the
inclusion of postprandial imaging and rise

in postprandial PSV may have contributed
to confusion and misdiagnosis of SMA
stenosis.

protocol prolongs examination

and risks increasing nondiagnostic
images due to increased bowel gas.
Despite its demonstrated potential
utility, postprandial imaging of the
mesenteric arteries is not routinely
recommended given the afore-
mentioned potential confounding
factors and limited additional useful
information, especially considering
the availability of more advanced
imaging techniques.’
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Limitations of Mesenteric
Artery Ultrasound

Sonographic evaluation of the
mesenteric vessels has significant
limitations regardless of fasting or
postprandial state. These include
patient body habitus, bowel gas,
and anatomic variations, as well as
variability between sonographers
and interpreting radiologists. Over-
estimation of stenosis may occur

secondary to variant anatomy, vessel
tortuosity, and the presence of dense
calcifications without significant
luminal narrowing due to alterations
in blood flow (Figure 7).%3! Further-
more, the importance of clarity on
the sonographer worksheet cannot
be overstated to avoid confusion
surrounding the interpretation of
fasting and postprandial PSV, which
may inadvertently lead to overdiag-
nosis of SMA stenosis (Figure 8).
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Figure 8. Fasting (A) and postprandial (B) duplex
sonography of the SMA showing normal waveforms with
continuous forward flow and a normal PSV of 160 cm/s in
the fasting state and 328 cm/s in the postprandial state.
This constitutes a normal postprandial rise in PSV (105%).
However, this case was interpreted as SMA stenosis, with
the impression of the ultrasound report reading, “Findings
consistent with chronic mesenteric ischemia (greater than
70% stenosis).” Sagittal maximum intensity projection CT
angiogram of the abdomen with intravenous contrast (C)
performed for further assessment showed a widely patent
SMA (arrow). Note the tortuous course of the abdominal
aorta. The inclusion of postprandial imaging and rise in
postprandial PSV resulted in confusion and misdiagnosis
of SMA stenosis.

Management of Chronic
Mesenteric Ischemia

In cases of CMI diagnosed at so-
nography, the next step in manage-
ment may consist of CTA for further
characterization of the stenosis or
catheter angiography for definitive
diagnosis and treatment. Abdomi-
nopelvic CTA has been demonstrated
superior to ultrasound at detecting
high-grade stenosis of the celiac
and mesenteric arteries.” In fact,
CTA and catheter angiography are
now considered the gold standard in

20 Applied Radiology

assessing CMI.* The treatments of
choice for CMI include endovascular
interventions, such as balloon angio-
plasty and stent placement, and open
surgical interventions such as endar-
terectomy and bypass.'®** The latter
interventions are typically reserved
for symptomatic patients who are
otherwise in relatively good health
with a focal lesion.®*!* A meta-anal-
ysis of several published series eval-
uating the outcome of endovascular
treatment of CMI found high clinical
success rates (80-100%).! Follow-up
ultrasound and/or CTA is typically

Chronic Mesenteric Ischemia: Mesenteric Artery Duplex Sonography and the Utility of Postprandial Imaging

performed to assess for vessel and/
or stent patency.*'>!* Conservative
management is usually pursued in
patients with multiple medical co-
morbidities and generally consists of
antiplatelet therapy, anticoagulation,
and/or nitrate therapy.’***

Conclusion

While postprandial duplex so-
nography of the mesenteric vessels
may provide additional information
regarding the functional reserve and
collateral flow in patients with CMI,
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postprandial imaging in the mesen-
teric artery ultrasound protocol may
result in confusion and overdiag-
nosis. This potential for overdiag-
nosis based on expected elevated
postprandial PSV values may lead to
unnecessary imaging and unneces-
sary interventions. Fasting duplex so-
nography has proven useful for CMI
screening, although there are pitfalls
pertaining to operator dependency
and patient-related factors such as
bowel gas, body habitus, variant
anatomy, and vessel tortuosity.
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Not All Prostate-Specific Membrane Antigen
Imaging Agents Are Created Equal: Diagnostic
Accuracy of Ga-68 PSMA-11 PET/CT for Initial
and Recurrent Prostate Cancer
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Abstract

Positron emission tomography (PET) radiotracers that target prostate-specific membrane antigen (PSMA), a trans-
membrane protein overexpressed in prostate cancer (PCa) cells, are highly sensitive and specific for the detection

of metastatic PCa. The radioactive PET imaging agent Ga-68 PSMA-11 has demonstrated higher PCa detection rates
compared with conventional imaging techniques, leading to its increased use in the diagnosis of PCa. In this review of
literature published between February 2015 and December 2022, of 76 studies in >5000 men with PCa, we examined
the accuracy and clinical use of Ga-68 PSMA-11 PET for the initial staging of PCa, assessment of biochemical recur-
rence (BCR), and how this technique may affect the clinical management of PCa. The majority of studies evaluating
Ga-68 PSMA-11 PET for primary staging and for BCR demonstrated a sensitivity 280% and a specificity >90%. Ga-68
PSMA-11 PET led to a change in clinical management in 19% to 52% and 16% to 75% of patients with primary PCa
and BCR, respectively. Variations in diagnostic accuracy parameters were observed among studies but were antici-
pated given differences in patient characteristics (eg, PSA, lesion sizes) and study designs. No serious adverse events
were noted with Ga-68 PSMA-11 PET. Overall, Ga-68 PSMA-11 offers high sensitivity, is well tolerated, and can result
in clinical management changes for patients with primary PCa and BCR.
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Figure 1. An adult with a history -
of grade group 2 prostate cancer
presented with biochemical
recurrence (prostate-specific
antigen [PSA] 0.75 ng/

mL) 18 months after radical
prostatectomy. Contrast-enhanced
computed tomography (CT) image
(A) and Ga-68 prostate-specific
membrane antigen (PSMA)
positron emission tomography
(PET)/CT image (B) show a 0.8

x 0.7 cm left internal iliac node
(arrow) with increased tracer
uptake (SUVmax 7.2). (Image
provided by Dr. Andrei Purysko,
Imaging Institute, Cleveland Clinic,
Cleveland, Ohio.)

Introduction

Prostate cancer (PCa) is diag-
nosed in approximately 1.3 million
men each year and represents the
second most common cancer in men
worldwide.! The American Cancer
Society estimated 288,300 new cases
and 34,700 deaths from PCa in the
United States in 2023.2 The 5-year
survival rate is 99% for patients with
localized/regional PCa, but only 32%
for patients with distant metastasis.?

PCa recurrence, defined as an
increase in prostate-specific antigen
(PSA) levels after treatment, occurs
in up to 90% of cases, depending on
initial risk categorization and defini-
tive therapy. Biochemical recurrence
(BCR) is defined as a PSA level of
0.2 ng/mL followed by a confirma-
tory PSA level of 0.2 ng/mL after
radical prostatectomy (RP) and nadir
PSA level + 2.0 ng/mL after radiother-
apy.* Patients with preoperative PSA
levels of <2.6 ng/mL, 2.6 to 10 ng/mL,
and >10 ng/mL are expected to have
recurrence rates of 10%, 20%, and
50%, respectively.® Approximately
40% to 90% of patients with high-
risk features develop BCR following
prostatectomy® ¢ and 30% to 50%
experience BCR following radiation
therapy.” However, multinomial
nomograms based on other clinical
factors, such as Gleason grade group
and clinical stage, provide more
accurate estimates of BCR.®
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Figure 2. Results of literature searches to identify studies evaluating Ga-68 prostate-specific membrane
antigen 11 (PSMA-11) for staging primary prostate cancer (PCa) and detecting biochemical recurrence (BCR).
“Irrelevant articles included studies of radiotracers that were not Ga-68 PSMA-11, review articles, opinion
articles, studies of laboratory results, studies of drug manufacturing process, studies regarding the use

of Ga-68 PSMA-11 in other cancers, studies with no comparator or standard of truth, case reports, and
nonclinical evaluations. TOne study identified from second PubMed search from November 2021 to December
2022. Three studies identified from second PubMed search from November 2021 to December 2022.
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Table 1. Efficacy of Ga-68 PSMA-11 imaging in detecting primary PCa.

MODALITY REGION SENSITIVITY (%) SPECIFICITY (%) PPV (%) NPV (%) CHANGE IN CLINICAL
MANAGEMENT (%)
Al-Bayati et al, 22 PET, PET/MRI Prostate M-1 PET: 81,
2018 PET/MRI: 88
M-2 PET: 91,
PET/MRI: 94
Basha et al, 2019*¢ 173 PET/CT Prostate 96
Berger et al, 2018%° 48 PET/CT Prostate 81 (p) 85 (p) 89 (p) 74 (p)
100 (lesion-based)
Budaus et al, 30 PET/CT In 33 (In) 100 100 69
20162°
Chen et al, 2019* 51 PET/CT Prostate 90 94
Chen et al, 2020% 54 PET/CT/MRI Prostate 78 (ece) 94 (ece) 97 (ece) 67 (ece) 19
75 (svi) 95 (svi) 82 (svi) 93 (svi)
Demirci et al, 141 PET/CT Prostate 78 81
20192
Donato et al, 58 PET/CT Prostate 93
2019%
Donato et al, 144 PET/CT Prostate 90 94
202024
El Hajj et al, 2019%¢ 23 PET/CT Prostate 42 89 74 67
Fendler et al, 21 PET/CT Prostate 67 92 97 42
2016% 73 (svi) 100 (svi) 100 (svi) 77 (svi)
Fendler et al, 10 PET/CT Prostate, In 93¢ 852
20172
Ferraro et al, 60 PET/CT In 58 98 88 90
2020%
Gao et al, 49 PET/CT Prostate 76 (pp) 86 (pp)
2019 77 (pl) 88 (pl)
Gupta et al, 20173 12 PET/CT In 67 99 86 96
Gupta et al, 2018% 23 PET/CT Prostate, In 63 (epe) 100 (epe) 100 (epe) 36 (epe)
55 (svi) 100 (svi) 100 (svi) 25 (svi)
66 (Inm) 99 (Inm) 88 (Inm) 98 (Inm)
Herlemann et al, 20 PET/CT In 84 82 84 82
2016°°
Hicks et al, 2018*? 32 PET/MRI Prostate, In 73° 88°
Hinsenveld et al, 53 PET/CT In 100 86
20203
Hirmas et al, 21 PET/CT Prostate, In, 86 (pro) 100 (pln) 100 (pro) 89 (pln) 52
2019% bone 92 (pln) 100 (eln) 100 (pIn) 100 (eln)
100 (eln) 92 (bm) 100 (eln 100 (bm)
100 (bm) 90 (bm))
Hoffman et al, 25 PET/CT Prostate, In, 84° 100¢ 67° 100¢
20173 bone, lung
Hofman et al, 150 PET/CT Prostate, In 85 98 28
2020%
Hope et al, 2021853 277  PET/CT, PET/ In 40 95 75 81
MRI
Jena et al, 2018°%8 82 PET/MRI Prostate, In 78 86
Kalapara et al, 205 PET/CT Prostate 94
2020%°
Kopp et al, 2020%° 90 PET/CT In 44 96 70 89
Liu et al, 20204* 31 PET/CT Prostate 100 (csPCa) 68 (csPCa) 67 100 (csPCa)
93 (PCa) 75 (PCa) (csPCa)
Lopci et al, 2018% 45 PET Prostate 82 72
Lopci et al, 20214 97 PET/CT Prostate 60 97 92 81 24
Maurer et al, 130 PET/CT, PET/ In 74 99 95 95
20164 MRI
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Table 1 (cont). Efficacy of Ga-68 PSMA-11 imaging in detecting primary PCa.

MODALITY REGION SENSITIVITY (%) SPECIFICITY (%) PPV (%) NPV (%) CHANGE IN CLINICAL

MANAGEMENT (%)

Muehlematter et al, 40 PET/MRI Prostate 69 (ece) 67 (ece)
2019% 55 (svi) 94 (svi)
Nandurkar et al, 101 PET/CT Prostate, In 47 (svi) 87 (svi)
2019
Obek et al, 201747 51 PET/CT Prostate 53 86 62 81
Pallavi et al, 2020 29 PET/CT Prostate, In 86 95
71 (Inm)
75 (ppe)
60 (svi)
50 (bni)
Park et al, 2018%° 33 PET/MRI Prostate 100 (pp) 88 (pl)
86 (pl) 98 (pn)
50 (pn)
Petersen et al, 20 PET/CT In 39 100 100 47
2020%°
Rahbar et al, 6 PET/CT Prostate 92 92 96 85
20165
Rahman et al, 28 PET/CT Lymph node 100
2019°%2
Sahlmann et al, 12 PET/CT Prostate, 99a 89a 100a
2016°° lymph node
Thalgott et al, 73 PET/MRI Prostate, In 60 (Inm) 100 (Inm) 100 (Inm) 83 (Inm)
2018% 94 (ece) 45 (ece) 82 (ece) 75 (ece)
82 (svi) 80 (svi) 77 (svi) 84 (svi)
Tulsyan et al, 36 PET/CT Prostate, In 49 95 85 88
201758
van Leeuwen etal, 30 PET/CT In 54 99 92 94
2017°%¢
van Leeuwen et al, 140 PET/CT In, SVI 53 (Inm) 88 (Inm) 71 (Inm) 76 (Inm)
20195 46 (svi) 93 (svi) 74 (svi) 80 (svi)
von Klot et al, 21 PET/CT Prostate 95 75 97 60
20178
Wong et al, 2018°%® 131 PET/CT Prostate, In 66 99 28
Yaxley et al, 2019% 208 PET/CT In 38 (ph) 94 (pb) 68 (pb) 81 (pb)
24 (In) 100 (In) 75 (In) 96 (In)
Yilmaz et al, 2019%° 24 PET/CT Prostate, In 30 (epe) 93 (epe) 75 (epe) 65 (epe)
75 (svi) 90 (svi) 60 (svi) 95 (svi)
33 (bni) 100 (bni) 100 (bni) 82 (bni)
100 (Inm) 100 (Inm) 100 (Inm) 100 (Inm)
Zang et al, 2017°%° 22 PET/CT In 97 100 43
Zhang et al, 20175t 42 PET/CT In 93 96 93 96
Zhang et al, 201952 58 PET/CT Prostate 92 82 89 86

*Klingenberg et al 2022 is not included in this table, as endpoints recorded in this table were not reported in the study.

Abbreviations: bm, bone metastases; bni, bladder neck invasion; csPCa, clinically significant prostate cancer; CT, computed tomography; ece, extracapsular extension; eln,
extrapelvic lymph nodes; epe, extraprostatic extension; In, lymph node; Inm, lymph node metastasis; M-1, method-1; M-2, method-2; MRI, magnetic resonance imaging;
NPV, negative predictive value; p, primary/index localization; pb, patient based; PCa, prostate cancer; pl, per lobe; pIn, pelvic lymph node; pn, per node; pp, per patient;
ppe, periprostatic lesions; pro, prostate, PET, positron emission tomography; PPV, positive predictive value; PSMA, prostate-specific membrane antigen; svi, seminal vesicle
invasion.

2N staging results pooled data over patients with primary PCa and biochemical recurrence of PCa.

"Median.

cComparison between Gleason scores based on a receiver operating characteristic curve analysis cutoff score.

Collation of publicly available data. Cross-trial comparisons not based on head-to-head studies should be interpreted with caution.

PCa is diagnosed via biopsy of the scintigraphy, which have suboptimal These methods, however, have limited
prostate, with imaging playing an sensitivities for detecting metastases sensitivity in detecting metastatic dis-
important role in its diagnosis and for initial staging.’ CT and Tc-99m ease, particularly when patients have
management. However, staging for methyl diphosphonate bone scintigra- smaller lesions and lower PSA levels."
higher-risk disease is often performed phy are routinely used to stage disease Recent advances in diagnos-
using conventional imaging with in patients with confirmed PCa and tic imaging have overcome these
computed tomography (CT) and bone to assess suspected PCa recurrence. limitations. Positron emission
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Table 2. Efficacy of Ga-68 PSMA-11 imaging in detecting BCR of PCa.

POST- BCR MODALITY ~ REGION SENSITIVITY ~ SPECIFICITY PPV (%) NPV CHANGE IN
RADIATION  DEFINITION (%) (%) (%) CLINICAL
OR POST-RP MANAGEMENT (%)
Abghari- 2005 Both Not defined PET/CT Full body 82 (Ib)
Gerst et al, 83 (pb)
2022 122 72 (In)
Abufaraj et 65 Post-RP 2 consecutive PET/CT, Lymph node 72-100 96-100 95-100 93-
al, 2019¢%° increases in PET/MRI 100
PSA above 0.2
ng/mL
Afshar- 42 Both Not defined PET/CT Prostate, 77 100 100 91 13.3+
Oromieh et lymph node 14.6
al, 20158
Calais et al, 15 Post-RP Not defined PET/CT Prostate, 67 100 8.21+4.1
20197 lymph node
15 Post- Notdefined PET/CT Prostate, 67 100 8.21+4.1
RP lymph
node
Cerci et al®® 1004 Either PSA >0.2 ng/ PET/CT Full body or 57
mL after RP, prostate
or absolute
increase in
PSA of 2 ng/
mL above nadir
after RT
Deandreiset 17 Both Not defined PET/CT Prostate 35
al, 2020
Emmett et 11 Post-RP Not defined PET/CT Prostate, 67 100 50 100 46
al, 20197 lymph node
Farolfi et al, 119 Post-RP Not defined PET/CT Prostate, 30
2019% lymph node
Fendleretal, 25 Both Not defined PET/CT Prostate, 93 (In) 85 (In)
201728 lymph node
Fendleretal, 87 Both PSA =0.2 ng/ PET/CT Prostate, 92 (pb) 84 (pb) 5.1
20197 mL more than lymph node 90 (Ib) 84 (Ib)
6 weeks after
prostatectomy
or PSA rise of
20.2 above
nadir after RT
Fourquet et 294 Both 2 consecutive PET/CT Prostate, 70 70 68 5.3 (p)
al, 20217 rising PSA lymph node 5.9 (In)
values >0.2
ng/mL or PSA
rise of 20.2
above nadir
after RT
tomography (PET) radiotracers that use along with other PET imaging December 17, 2021 for widespread
target prostate-specific membrane agents.”” Figure 1 shows an example commercial use.”®
antigen (PSMA), a transmembrane of a pelvic node in the setting of BCR Ga-68 PSMA-11 is approved for the
protein overexpressed in PCa cells, that was positive on Ga-68 PSMA-11 detection of suspected metastasis in
are highly sensitive and specific, with PET/CT, but negative on CT. the initial staging of patients with PCa
a high detection rate for metastatic Ga-68, a 3+ emitting radionuclide, and the identification of suspected
PCa lesions. Thus, PSMA radiotracers is one of the most common radioiso- PCa BCR after treatment.' Ga-68
are recommended for PET imaging topes used in PET scans worldwide."? PSMA-11 is also approved in the US
of PCa without the prerequisite use PET imaging using Ga-68 PSMA-11" to identify and select patients who
of conventional imaging.!' Ga-68 was approved by the US Food and are candidates for FDA-approved
PSMA-11 is one such radioactive Drug Administration (FDA) as the PSMA-directed radioligand thera-
PET imaging agent that has demon- first PSMA-targeted imaging agent py- A recent study also reported a
strated higher PCa detection rates on December 1, 2020, followed by significant effect of Ga-68 PSMA-11 on
compared with conventional imaging approval of a kit for the preparation the staging and management of PCa
techniques, leading to its increased of Ga-68 PSMA-11 (TLX591-CDx) on across all relevant clinical scenarios,
26 Applied Radiology March / April 2024
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Table 2 (cont). Efficacy of Ga-68 PSMA-11 imaging in detecting BCR of PCa.

POST- BCR MODALITY REGION SENSITIVITY  SPECIFICITY PPV (%) CHANGE IN
RADIATION DEFINITION (%) (%) CLINICAL
OR POST-RP MANAGEMENT (%)
Grubmuller 117 Post-RP Not defined PET/CT, Prostate, 75
et al, 20188 PET/MRI lymph node
Hamed etal, 151 Both Rising PSA PET/CT Prostate, 99 100 100 91
20197 >0.2 ng/mL lymph node
Herlemann 14 Post-RP Not defined PET/CT Lymph node 83 63 86 56
etal, 2016%
Jilg et al, 28 Both Not defined PET/CT Lymph node 93 (mr) 100 (mr) 100 89 (mr)
20177 81 (sr) 100 (sr) (mr) 93 (sn
99 (sr)
Kunikowska 108 Either PSA =2 ng/mL PET/CT Prostate, 16
et al, 2022°% after RT torso
Lawhn- 72 Both Not defined PET/CT, Prostate, 89 31 91 21
Heath et al, PET/MRI lymph node
20197
Mandel etal, 23 Post-RP Not defined PET/CT, Lymph node 90 (sh) 74 (sh) 71(sh) 91 (sh)
202077 PET/MRI 76 (fb) 88 (fb) 69 (fb) 91 (fb)
Morigietal, 9 Both Not defined PET/CT, Prostate, 54
2015 PET/MRI lymph node
Pfister et al, 28 Both Not defined PET/CT Prostate, 87 93 76 97
20167 lymph node
Radzina et 8 Both Not defined PET/CT Prostate, 64 (Ir) 74 (In) 58 (Ir) 78 (In
al, 20207 lymph node, 83 (In) 80 (In) 80 (In) 100
bone 83 (bm) 92 (bm) 71 (bm) (In)
96
(bm)
Rauscheret 48 Both PSA >0.2 ng/ PET/CT, Lymph node 78 (Ib) 97 (Ib) 95 (Ib) 88 (Ib) 12.7+10.8
al, 2016#%° mL PET/MRI 100 (pb) 50 (pb) 93 (pb) 100
(pb)
Rousseauet 8 Post-RP Not defined PET/CT Prostate 73
al, 2019%
Sahlmannet 23 Both Not defined PET/CT Prostate, 942 992 89° 100a
al, 2016 lymph node
Zacho et al, 10 Both Not defined PET/CT Prostate 80° 98P0 89° 97" 44
20188
Abbreviations: BCR, biochemical recurrence; bm, bone metastasis; CT, computed tomography; fb, field based; Ib, lesion based; In, lymph node; Ir, local recurrence; M1,
bone metastasis present; mr, main region; MRI, magnetic resonance imaging; NPV, negative predictive value; p, prostate; pb, patient based; PCa, prostate cancer; PET,
positron emission tomography; PPV, positive predictive value; PSA, prostate-specific antigen; PSMA, prostate-specific membrane antigen; RP, radical prostatectomy; sb,
side based; sr, subregion.
2Results pooled data over patients with primary PCa and BCR of PCa.
bPessimistic analysis considered equivocal as M1.
Collation of publicly available data. Cross-trial comparisons not based on head-to-head studies should be interpreted with caution.

including patients with PSA below the
threshold for BCR, those with known
metastatic or advanced castration-re-
sistant disease, and those who have
undergone primary treatments other
than surgery or radiotherapy.*®
Herein we review the available
literature to assess the sensitivity and
specificity of Ga-68 PSMA-11 PET for
PCa imaging along with its safety and
clinical use for PCa management.
Literature searches were conducted
using PubMed to identify published
studies relevant to the use of Ga-68
PSMA-11 PET for the detection and
staging of primary PCa and to detect
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and localize BCR. Search terms
included “primary prostate cancer,”
“prostate cancer,” “PSMA,” “PET,”
“staging,” and “biochemically recur-
rent.” The initial search was limited
to studies published in English from
February 2015 to November 2021.

A second search was conducted to
identify articles from November 2021
to December 2022 using the same
search terms. Overall, 75 studies in
>5000 men with PCa were identified
that examined the accuracy and clin-
ical use of Ga-68 PSMA-11 PET for the
initial staging of PCa and assessing
BCR (Figure 2).

Primary staging of PCa using
Ga-68 PSMA-11

Table 1 summarizes the results of
studies that assessed Ga-68 PSMA-11
for the primary staging of PCa. The
majority of studies demonstrated
a sensitivity >80% and a specificity
>90%. Sensitivity of Ga-68 PSMA-11
ranged from 30% to 100% for detecting
PCa, 24% to 100% for detecting cancer
in the lymph nodes, and 84% to 100%
for detecting bone metastases; its
specificity ranged from 45% to 100%
for the prostate, 82% to 100% for the
lymph nodes, and 92% to 100% for
bone metastases. The positive
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predictive value (PPV) ranged from
60% to 100%, and the negative predic-
tive value (NPV) ranged from 25% to
100% in both localized and metastat-
ic PCa, with the majority of these
studies reporting values in the upper
range.'> 7% Additionally, a prospec-
tive study highlighted the prognostic
value of 68-Ga PSMA-11 PET/CT ver-
sus conventional imaging with 9mTc
bone scintigraphy and CT for primary
staging in 247 high-risk patients with
PCa treated with RP. Primary staging
with 68-Ga PSMA-11 PET/CT resulted
in a significantly lower biochemical
recurrence risk after RP vs conven-
tional imaging, likely due to improved
selection of patients for RP.

Initial PCa detection and
T staging

In a study evaluating 144 patients
(median PSA 8.6 ng/mL), Ga-68
PSMA-11 PET/CT was compared with
multiparametric MRI (mpMRI) for the
detection of localized PCa, with biopsy
histopathology used as a reference
standard for the full cohort and RP
specimen used as the reference stan-
dard in a subset of patients.? Ga-68
PSMA-11 showed a higher sensitivity
for detecting index lesions (90.1%)
compared with mpMRI (83.1%),
although this difference was not
significant (p = 0.267). The median size
of index tumor foci missed by mpMRI
(1.66 cm?®; interquartile range [IQR],
0.79-2.53 cm?®) was significantly larger
than that of tumor foci missed by
Ga-68 PSMA-11 PET/CT (0.72 cm® IQR,
0.36-1.0 cm?®; p = 0.034). Among the 136
patients who had clinically significant
PCa detected on biopsy (defined as
Gleason score of >7), Ga-68 PSMA-11
was significantly more sensitive than
mpMRI in detecting cancer within the
prostate (95% vs. 86%, respectively; p =
0.017), but both imaging methods had
high specificities (93% vs. 94%, respec-
tively). Overall, Ga-68 PSMA-11 PET/
CT detected significantly more cancer
than mpMRI for the entire cohort
based on both biopsy (p =0.004) and
RP histopathology (p = 0.020).
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In another study evaluating 54
patients with PCa with a median PSA
level of 13.30 ng/mL, Ga-68 PSMA-

11 PET/CT and PET/MRI were more
sensitive in detecting extracapsular
extension (PET/CT, 78%; PET/MRI,
83%) compared with mpMRI (mpM-
RI, 54%; p < 0.05).2 Ga-68 PSMA-11
PET/CT and PET/MRI also tended to
have higher sensitivity for detect-

ing seminal vesicle invasion (75%)
compared with mpMRI (67%), but the
difference was not statistically signif-
icant. The specificity, PPV, and NPV
were also not significantly different
among these modalities. The timing
of biopsy (before vs after Ga-68 PSMA-
617 PET/CT) did not seem to affect the
outcomes of Ga-68 PSMA PET/CT im-
aging in high-risk patients with PCa.®

Initial PCa N and M staging

In the multicenter proPSMA study,
302 patients were randomly assigned
to undergo Ga-68 PSMA-11 PET/CT or
conventional imaging (combination of
CT and bone scan) for the evaluation
of pelvic nodal and distant metastatic
disease.” Patients were included in the
study if they had untreated, biop-
sy-proven PCa; were being considered
for curative-intent treatment; and had
>1 high-risk criterion (PSA >20 ng/mL,
International Society of Uropatholo-
gy grade group 3-5, or clinical stage
>T3). In these patients, Ga-68 PSMA-11
PET/CT demonstrated a 27% (95%
confidence interval [CI], 23%-31%; p
<0.0001) absolute greater area under
the curve (AUC) for accuracy than
conventional imaging (92% vs. 65%,
respectively). Conventional imaging,
when compared with Ga-68 PSMA-11
PET/CT, had lower sensitivity (38% vs.
85%) and specificity (91% vs. 98%).

In another multicenter trial eval-
uating 764 patients, Ga-68 PSMA-11
PET/CT or PET/MRI was assessed for
its accuracy in detecting pelvic nodal
metastases compared with histopa-
thology at the time of RP and pelvic
lymph node dissection.® Patients
were included if they had histopa-
thology-proven PCa, were planning to

Not All Prostate-Specific Membrane Antigen Imaging Agents Are Created Equal

undergo RP, and had intermediate- to
high-risk disease (PSA level >10 ng/
mlL, T-state >T2b, Gleason score >6,
or other risk factors). The sensitivity
and specificity of Ga-68 PSMA-11 PET
for pelvic nodal metastases were 40%
and 95%, respectively. The sensitivi-
ties from this study were lower than
the 59% weighted sensitivity reported
in a systematic review, although the
sensitivities in the systematic review
did range from 23% to 100%.% This
large variance in sensitivity and
specificity for Ga-68 PSMA-11 across
studies is likely explained by differ-
ences in study design such as the
reference standard used, whether
data were collected prospectively or
retrospectively, and whether patients
were recruited consecutively or
nonconsecutively.

Effect of Ga-68 PSMA-11 PET
On the initial management of PCa

Six studies (n=493) reported a
change in clinical management with
Ga-68 PSMA-11 PET in 19% to 52% of
patients with primary PCa.?%37:42,60.68
Hofman and colleagues® reported a
significant change in treatment plan
in 28% of patients undergoing Ga-68
PSMA-11 PET/CT compared with 15%
of patients undergoing conventional
imaging (p = 0.0076). Similarly, Wong
and colleagues® evaluated the effect of
Ga-68 PSMA-11 PET on disease staging
in 131 patients with biopsy-proven PCa.
Ga-68 PSMA-11 PET led to a change
in PCa stage in 28% of patients, with
disease being upstaged in 13% of
patients and downstaged in 15% of
patients (p < 0.001) when compared
with the stage assigned using conven-
tional imaging. These findings suggest
that Ga-68 PSMA-11 has the potential
to provide more accurate staging for
metastatic disease, thereby allowing
for more risk-appropriate manage-
ment through the selection of local vs
systemic management. Patients may,
therefore, receive more appropriate
treatment, although the effects of these
changes on cancer-specific and overall
survival are yet to be determined.
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Detection of BCR

Table 2 summarizes studies that
evaluated Ga-68 PSMA-11 PET to assess
BCR. The majority of studies demon-
strate a sensitivity 280% and a speci-
ficity 290%. Sensitivity values ranged
from 64% to 99% for the prostate, 72%
to 100% for the lymph nodes, and one
study reported a sensitivity of 83% for
bone metastases. Specificity values
ranged from 31% to 100% for the pros-
tate, 50% to 100% for the lymph nodes,
and one study reported a specificity
of 92% for bone metastases.?23536983
The large variance in sensitivity and
specificity can be explained by varying
factors across studies, such as areas ex-
amined (prostate vs lymph nodes) and
the reference standard used (Table 2).

In comparison with conventional
imaging, Ga-68 PSMA-11 PET/CT has
higher sensitivity, specificity, and ac-
curacy for detecting local recurrence
and lymph node metastases, as well
as higher detection rates in patients
with low PSA levels (<0.5 ng/mL). In
a study of patients who had BCR after
definitive PCa treatment with RP (n
= 24), radiotherapy (n=117), or com-
bined treatment (n = 47), patients
underwent Ga-68 PSMA-11 PET/CT
for the detection of PCa recurrence,
with either histologic examination
of biopsy sections or 12 months of
clinical and imaging follow-up used
as the reference standard.”™ Ga-68
PSMA-11 PET/CT was found to have a
sensitivity of 99% and a specificity of
100% for detecting PCa recurrence.
Receiver operating characteristic
analysis yielded an ideal PSA cutoff
value of >0.65 ng/mL (AUC = 0.964;
95% CI, 0.736-1.000; p < 0.0001),
which was associated with a sensitiv-
ity of 93% and a specificity of 100%
for detecting PCa recurrence with
Ga-68 PSMA-11 PET/CT. In patients
with lower PSA values (0 to <0.5 ng/
mlL), the detection rate was 54.2%.

In a study evaluating 66 patients
(median PSA 0.23 ng/mL), Ga-68
PSMA-11 PET/MRI was 55% effective
in detecting BCR after RP at low PSA
levels (<0.5 ng/mL), including in
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patients who had previously under-
gone or were currently undergoing
androgen deprivation therapy (ADT).*
Subgroup analysis of patients with
avery low (0 to 0.2 ng/mL) and low
PSA (0.2 to 0.5 ng/mL) demonstrat-

ed detection rates of 39% and 65%,
respectively. Ga-68 PSMA-11 PET/MRI
also detected PSMA-positive lesions
outside a standard radiotherapy target
volume in 39% of patients.

Another study evaluated the accura-
cy of Ga-68 PSMA-11 PET in detecting
lymph node metastases in 65 patients
with BCR after RP who were sched-
uled to undergo salvage lymph node
dissection.” The salvage lymph node
dissection templates included lymph
nodes from the right and left pelvis,
presacral region, and retroperitoneal
region. The median diameter of lymph
nodes detected on Ga-68 PSMA-11 PET
was 7.2 mm (IQR, 5.3-9 mm), whereas
the median diameter of false-negative
lymph nodes was 3.4 mm (IQR, 2.1-5.4
mm; p = 0.01). Diagnostic accuracy
was 99% in the left pelvic region and
95% in the right pelvic, presacral,
and retroperitoneal regions. Specific-
ity values were >96% in all regions;
sensitivity values were >90% in all but
the retroperitoneal region (73%), per-
haps because of less dissection of the
retroperitoneum during salvage lymph
node dissection.

In a study comparing the accuracy
of Ga-68 PSMA-11 PET/CT with that
of 18F-fluciclovine (a PET radiotrac-
er) PET/CT in detecting BCR after RP
in 50 patients, Ga-68 PSMA-11 had a
significantly higher detection rate
than 18F-fluciclovine (56% vs. 26%,
respectively; p = 0.0026).7 Detec-
tion rates were significantly higher
for Ga-68 PSMA-11 compared with
18F-fluciclovine in the pelvic lymph
nodes (30% vs. 8%, respectively; p
=0.0034) and in extrapelvic lesions
(16% vs. 0%, respectively; p = 0.0078).
Among the 15 patients in whom
lesions were verified by histopathol-
ogy/biopsy, both 18F-fluciclovine and
Ga-68 PSMA-11 had PPVs of 100%.
Another retrospective analysis of 37
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patients with relapsed PCa showed a
significantly higher lesion detection
rate with Ga-68 PSMA-11 PET/CT ver-
sus standard 18F-fluoromethylcho-
line PET/CT, especially in patients
with low PSA levels.®

Finally, in a pilot study of 14 patients
with BCR after RP, 43% of the patients
had positive PET scans, including 36%
with positive Ga-68 PSMA-11 scans
and 29% with positive 18F-PSMA-1007
scans.® No additional lesions were
identified in the prostate fossa by
18F-PSMA-1007 in comparison to Ga-
68 PSMA-11. In a study of 102 patients
with BCR, 18F-PSMA-1007 was found
to have a significantly higher inci-
dence of PSMA-expressing lesions of
benign origin than Ga-68 PSMA-11 (245
vs. 52, respectively).®” Furthermore,
the maximum standardized uptake
value of these benign lesions was
significantly higher (p < 0.0001) for
18F-PSMA-1007, indicating a potential-
ly higher source of false positives with
this agent than with Ga-68 PSMA-11.

Effect of Ga-68 PSMA-11 PET
On the Management of BCR

Ten studies (n=1697) reported a
change in clinical management with
Ga-68 PSMA-11 imaging in 16% to
75% of patients with BCR.773818288-93
In a study of 294 patients, a change in
clinical management occurred in 68%
of patients, and Ga-68 PSMA-11 PET/
CT affected this change in 86% of these
patients.” Treatment modifications
guided by Ga-68 PSMA-11 PET/CT were
considered effective in 89% of patients;
modifications not guided by Ga-68
PSMA-11 PET/CT were considered
effective in 61% of patients (p < 0.001).
Among patients with BCR following
primary curative PCa treatment,
delayed imaging with Ga-68 PSMA-11
PET/CT generally led to significantly
better uptake and improved contrast,
ultimately leading to a change in clini-
cal management for 16% of patients.”
Moreover, in a study of high-risk
patients with PCa, primary staging
with Ga-68 PSMA-11 PET/CT reduced
BCR versus conventional imaging
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techniques (HR = 0.58; p=0.004).”*
Another multicenter prospective trial
from 15 countries in 1004 patients with
PCa with BCR demonstrated that Ga-68
PSMA-11 PET/CT positivity correlated
with Gleason score and PSA level at
time of PET scan, PSA doubling time,
and radiotherapy as primary treat-
ment. Moreover, treatment modifica-
tion occurred in 57% of PCa patients
with BCR based on the outcomes of
Ga-68 PSMA-11 PET/CT imaging.*®

Safety Profile of Ga-68 PSMA-11

Ga-68 PSMA-11 is a well-tolerated
imaging agent. Five studies (n = 880)
reported on the safety of Ga-68 PSMA-
11 and found no patients experienced
serious adverse events, 18 patients
reported experiencing mild adverse
events (dizziness, nausea, constipa-
tion, diarrhea, headache), and one pa-
tient reported a fall after imaging that
he attributed to furosemide injection,
although there were no associated
vital sign changes.»?%60727 Hofman
and colleagues® also reported a sub-
stantially lower radiation exposure
with Ga-68 PSMA-11 PET/CT (8.4 mSv)
compared with conventional imaging
(combination of CT and bone scan)
(19.2 mSv; p < 0.001).

Health Economics and
Outcomes Research

The cost-effectiveness of Ga-68
PSMA-11 in comparison with conven-
tional imaging has been examined
by multiple groups showing that
Ga-68 PSMA-11 reduced overall costs
because of its increased accuracy in
staging, which can obviate the need
for unnecessary and costly therapies.
In an exploratory analysis evaluating
30 patients over 10 years in Australia,
a strategy using Ga-68 PSMA-11 PET/
MRI had an average cost of $39,426
and produced an average of 7.48
years of survival, whereas a strategy
involving conventional imaging (bone
scan and MRI) had an average cost of
$44,667 and produced an average of
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7.41 years of survival.”* When the du-
ration of the model was reduced to 5
years, the use of Ga-68 PSMA-11 PET/
MRI resulted in cost savings of $3,278
and 0.018 more life-years than con-
ventional imaging. In a cost-effective-
ness analysis of the proPSMA study,
Ga-68 PSMA-11 PET/CT was found to
have a lower estimated cost per scan
than the combination of CT and bone
scan ($886 vs $1040, respectively).” In
an intention-to-treat analysis evaluat-
ing 83 patients with BCR after RP with
or without previous radiotherapy,

the percentage of patients receiving
appropriate curative radiotherapy
instead of palliative ADT was 100%
with Ga-68 PSMA-11 PET/CT, 74%
with C-11 choline PET/CT, and 33%
with CT. A retrospective analysis of
244 patients undergoing PSMA PET/
CT for recurrent PCa showed that
imaging with Ga-68 PSMA-11 was
cost-effective compared with 18F-PS-
MA-1007.% Outcomes research data
are yet to be reported from studies in
the United States.

18F-PSMA PET/CT

Although Ga-68 PSMA-11 is mainly
used for PET imaging of PCa, other
18F ligands are increasingly becom-
ing available. The US FDA recently
approved another PSMA-targeted
drug, piflufolastat F-18, for imaging of
PCa.”” Similar results were observed
with the two agents in other studies
in patients with recurrent PCa.”>%

In a head-to-head comparison in 16 pa-
tients with intermediate/high-risk PCa,
Ga-68 PSMA-11 and 18F-PSMA-1007
PET/CT showed similar performance
in identifying dominant prostate
lesions.’® Another study comparing
the 18F-PSMA-1007 PET/CT with Ga-68
PSMA-11 PET/CT in 40 treatment-naive
intermediate/high-risk PCa patients
showed comparable detection of pri-
mary and metastatic lesions.!”*

However, defluorination of 18F
radiotracers may influence the accu-
racy of lesion detection in bones due
to unspecified bone uptake,'*> which
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can alter the choice of treatment and
subsequently affect the quality of life
of patients.® Several recent studies
have highlighted that 18F radiotracers
are likely to lead to misdiagnosis of
bone lesions, with one study report-
ing nearly 6 times more unspecified
bone uptake seen on 18F-PSMA-1007
than with Ga-68 PSMA-11 PET imag-
ing 8796104109 A retrospective analysis
of data from 10 patients with PCa
who underwent PET-guided biopsy to
confirm observations of indetermi-
nate bone lesions on 18F-PSMA-1007
PET/CT imaging demonstrated that
91% (10/11) of the bone lesions were
not metastatic and showed no signs of
PSMA expression.'’

Another study of 243 patients with
high-risk or recurrent PCa reported
98 of 267 bone lesions (37%) in 48
(20%) patients with 18F-DCFPyL PET/
CT imaging were indeterminate. Of
these indeterminate bone lesions, 37
of 98 (38%) were confirmed benign,
42 of 98 (43%) were malignant, and 19
of 98 (19%) remained equivocal at the
lesion level. At the patient level, 24 of
48 (50%) had a benign lesion, 11 of 48
(23%) had a malignant lesion, and 13
of 48 (27%) had equivocal findings.'®®

A retrospective matched-pair
comparison of 18F-rhPSMA-7 with
68-Ga PSMA-11 PET/CT in patients
with primary or recurrent PCa
showed a higher incidence of benign
tumors among PSMA-positive lesions
reported with18F-rhPSMA-7 versus
68-Ga PSMA-11 (67% [379/566] vs 35%
[100/289]).111

In addition, a study of 283 patients
who had 68-Ga PSMA-11 PET and 409
patients who had 18F-PSMA-1007
PET due to BCR showed that 18F-PS-
MA-1007 PET resulted in a signifi-
cantly higher rate of nonspecific
bone uptake compared with 68-Ga
PSMA-11 PET (p < 0.001); however,
the rate of bone metastases was not
significantly different.'”

The updated joint European
Association of Nuclear Medicine
(EANM) and Society of Nuclear
Medicine and Molecular Imaging
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Table 3. Key Ga-68 PSMA-11 imaging guidelines and recommendations*

GUIDELINE

RECOMMENDATION

NCCN Guidelines Version 1.20234

Conventional imaging is no longer a necessary prerequisite to PSMA PET for primary staging or BCR. PSMA
PET/CT or PSMA PET/MRI can serve as an equally effective, if not more effective, front-line imaging tool.

SNMMI, ACNM, ACP, ASCO, AUA, ANZSM,
EANM Appropriate Use Criteria®*®

Primary staging:
- Patients with suspected PCa (eg high/increasing PSA levels, abnormal digital rectal examination results): to
evaluate for targeted biopsy and detection of intraprostatic tumor (Score 3: PSMA use is rarely appropriate)
- Patients with very low, low, and favorable intermediate-risk PCa (Score 2: PSMA use is rarely appropriate)

- Newly diagnosed unfavorable intermediate, high-risk, or very high-risk PCa (Score 8: PSMA use is
appropriate)

- Newly diagnosed unfavorable intermediate, high-risk, or very high-risk PCa with negative/equivocal or
oligometastatic disease on conventional imaging (Score 8: PSMA use is appropriate)

- Newly diagnosed PCa with widespread metastatic disease on conventional imaging (Score 4: PSMA use
may be appropriate)

BCR:
- PSA level persistence or PSA increase from undetectable level after RP (Score 9: PSMA use is appropriate)

- PSA increase above nadir after definitive radiotherapy (Score 9: PSMA use is appropriate)

- PSA increase after focal therapy of the primary tumor (Score 5: PSMA use may be appropriate)

EANM Standardized Reporting Guidelines v1.0
for PSMA PET®

Primary staging: PSMA PET is a suitable replacement for conventional imaging in patients with high risk of
nodal involvement; patients at lower risk should be spared by PSMA PET
BCR: Perform PSMA PET in any case of proven BCR

Joint EANM and SNMMI Procedure Guideline
for Prostate Cancer Imaging: version 1.0%2°

Primary staging: In patients with high-risk disease (Gleason score >7, PSA level >20 ng/mL, clinical stage
T2c-3a), Ga-68 PSMA PET/CT can replace abdominopelvic CT for detection of lymph node metastases for local
tumor delineation, pelvic MRI cannot be replaced

BCR: Ga-68 PSMA PET/CT use is recommended for patients with low PSA level (0.2-10 ng/mL) to identify the

site of recurrence and potentially guide salvage therapy

Joint EANM and SNMMI Procedure Guideline
for Prostate Cancer Imaging: version 2.0%'2

PSMA-ligand PET should be combined with multiparametric MRI for biopsy guidance

“Note that this table is not comprehensive of all available guidelines.
Abbreviations: ACNM, American College of Nuclear Medicine; ACP, American College of Physicians; ASCO, American Society of Clinical Oncology; AUA, American Urological
Association; ANZSM, Australia and New Zealand Society of Nuclear Medicine; BCR, biochemical recurrence; CT, computed tomography; EANM, European Association of
Nuclear Medicine; MRI, magnetic resonance imaging; NCCN, National Comprehensive Cancer Network; PCa, prostate cancer; PET, positron emission tomography; PSA,
prostate-specific antigen; PSMA, prostate-specific membrane antigen; RP, radical prostatectomy; SNMMI, Society of Nuclear Medicine and Molecular Imaging.

(SNMMI) procedure guidelines for
PCa imaging also note non-specific
bone uptake with 18F-rhPSMA-7.3.11
18F PET imaging may also lead to
higher interobserver variability, as
demonstrated by a retrospective study
of 584 patients with newly diagnosed
PCa. Significantly increased interob-
server variability was observed with
18F-PSMA-1007 for bone metastases
versus 18F-DCFPyL and Ga-68
PSMA-11 (p = 0.001 and p = 0.03,
respectively), and for overall agree-
ment and locoregional lymph node
metastases versus 18F-DCFPyL (p <
0.001 and p = 0.01, respectively).!t®

Guidelines for PSMA imaging

The updated National Comprehen-
sive Cancer Network guidelines now
include guidance regarding the use
of Ga-68 PSMA-11."** The guidelines
state that, because of the increased
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sensitivity and specificity of PSMA
PET tracers for detecting micrometa-
static disease at initial staging and in
cases of BCR, conventional imaging
is no longer considered a necessary
prerequisite to PSMA PET, and PSMA
PET/CT or PSMA PET/MRI can serve
as an equally effective or more effec-
tive first-line imaging tool for these
patients.’* The updated joint EANM
and SNMMI procedure guidelines for
PCa imaging also include the use of
Ga-68 PSMA-11 PET/CT and recom-
mend combining PSMA-PET/CT with
multiparametric MRI for guiding
biopsy for confirmation of PCa.*?
Recently,the Society of Nuclear Med-
icine and Molecular Imaging, Amer-
ican College of Nuclear Medicine,
American Urological Association,
Australia and New Zealand Society of
Nuclear Medicine, American Society
of Clinical Oncology, EANM, and

the American College of Physicians

worked collaboratively to develop
appropriate use criteria for PSMA
PET imaging (Table 3).!** In addition,
the EANM criteria, PROMISE crite-
ria, and PSMA-RADS have also been
published to streamline the interpre-
tation of PSMA PET imaging.'¢

Discussion

Ga-68 PSMA-11 PET/CT is effective
in the initial staging and detection
of PCa BCR and has advantages over
MRI in the initial local staging of PCa,
mainly detection of extraprostatic dis-
ease in initial staging and BCR and at
low PSA levels (<0.5 ng/mL); potential
for leading to a change in radiotherapy
target planning®; and cost-effective-
ness while reducing the amount of
radiation exposure to the patient.**
Bone lesions are easier to interpret on
Ga-68 PSMA-11 compared to 18F-based
radiotracer imaging.*”1**11%112 Ga-68
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PSMA-11 is well tolerated, further
supporting its potential as the imaging
agent of choice in PCa.

Ga-68 PSMA-11 has also been used
for confirming primary or recurrent
PCa in several studies, demonstrat-
ing its diagnostic value in clinical
practice. Ga-68 PSMA-11 PET/CT
was used in combination with MRI
to triage patients for biopsy during
initial diagnosis and improved NPV
for ruling out clinically significant
PCa, thereby reducing the number of
unnecessary biopsies.!'” In addition,
Ga-68 PSMA-11 PET/CT was useful
for guiding metastasis-directed
radiotherapy in patients with oligo-
metastatic PCa recurrence, delaying
the need for ADT and potentially
prolonging BCR-free survival.'®

In a study of patients with
metastatic castration-resistant
PCa, Ga-68 PSMA-11 PET provided
reliable parameters that could be
used to predict response to systemic
therapies.’® 68-Ga PSMA-11 was also
used for confirmation of metastatic
castration-resistant PCa and identi-
fication of appropriate patients for
PSMA-based radioligand therapy in
the phase 3 VISION trial,’® and is
approved in the US for patient selec-
tion for PSMA-directed radioligand
therapy. Finally, Ga-68 PSMA-11 PET/
CT may also be useful in determining
appropriate candidates for RP, as
the technique has high PPV and spec-
ificity for identifying lymph node
metastases and local recurrence.’*

The main limitation of this review
is the heterogeneity of the included
studies (varying sample sizes, patients
being grouped by differing PSA rang-
es). Variations in reported diagnostic
accuracy parameters were seen as an-
ticipated given differences in patient
characteristics (eg, PSA, lesion sizes)
and study designs. Also, additional
studies are needed to determine the
effects of Ga-68 PSMA-11 on cost.

In summary, Ga-68 PSMA-11 PET
has a favorable safety profile that
affords high accuracy for PCa initial
staging and the detection of PCa BCR.

Applied Radiology

Although more studies are needed,
its use frequently leads to changes in
treatment that may positively affect
patient outcomes. With increased
access, the use of Ga-68 PSMA-11 is
expected to expand and include addi-
tional applications.
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EYE ON Al: HOW ARTIFICIAL INTELLIGENCE IS CHANGING RADIOLOGY

Revolutionizing Brain MRI Acquisition

Akshay Pai, PhD; Silvia Ingala, MD, PhD

Magnetic resonance imaging has
seen significant strides in auto-
mation, with innovative solutions
such as autoadaptive protocoling
leading the way. These technologies
are reshaping brain MRI protocols,
offering unparalleled precision and
expediting the diagnostic process.

The Evolution of MRI Protocols

Traditionally, MRI protocoling has
been largely a manual operation,
requiring radiologists to meticulous-
ly configure imaging for each patient
based on clinical indications. This
process, while effective, can be time
consuming and prone to human er-
ror.»? In response to these challeng-
es, the industry has made a paradigm
shift towards automation, aiming
to streamline workflows, improve
consistency, and ultimately deliver
better patient outcomes.®

Affiliations: Dr Pai is co-founder of and
chief technology officer at Cerebriu
A/S, Kobenhvn, Denmark. Dr Ingala is a
postdoctoral researcher at Copenhagen
University Hospital Rigshospitalet,
Department of Radiology in Kobenhavn,
Denmark, and a medical consultant

to Cerbriu A/S.

Advances in Protocol
Optimization

Emerging artificial intelligence
(AI)-based solutions have the po-
tential to play a significant role in
automating of brain MRI protocols.
These technologies utilize AI and
machine learning algorithms to sift
through extensive datasets and de-
rive imaging protocols customized to
the individual characteristics of each
patient. By analyzing a few initial
sequences such as FLAIR, DWI, and
others (eg, T2*, GRE, SWI), these
systems can recommend the most
suitable scanning sequences based
on preliminary detection of condi-
tions like tumors (for contrast) or
infarctions (for vascular imaging).

This approach not only refines the
personalization of patient care but
also converts protocol configuration
from a manual and time-consuming
task to one that can be completed in
approximately one minute.

Coupled with preliminary au-
tomation of protocoling based on
patient history, such tools can enable
radiologists to redirect their focus to
higher-order tasks such as interpret-
ing imaging results. This enhances
overall efficiency and minimizes the
likelihood of human error associated
with manual protocol selection.*

The automated protocol, more-
over, contributes to the standard-
ization of imaging practices across
healthcare institutions. Consistent,
reproducible protocols are crucial
for longitudinal studies, research
collaboration, and ensuring that
medical professionals can compare
results with confidence.

Smart Alerts: Real-time Quality
and Triage

Automation can also introduce
another feature: real-time alerts for
quality assurance. This disease triage
mechanism monitors the ongoing
MRI scan, continuously analyzing
image data for potential artifacts
and critical findings. The automatic
alert system can then instantly notify
radiologists and technologists of de-
viations from expected image quality
or abnormal conditions in the brain.

This feedback can aid in swiftly
identifying and addressing technical
or patient-related hurdles, dimin-
ishing the likelihood of needing
additional scans and curtailing the
duration of scanning procedures.
This not only boosts patient comfort
and satisfaction but also maximizes
the efficiency of scanner usage.®
Consequently, it facilitates enhanced
throughput and superior allocation of
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Revolutionizing Brain MRI Acquisition

EYE ON Al

resources in busy imaging environ-
ments. One recent independent study,
for example, confirmed the Al-based
system’s effectiveness in detecting
acute ischemic lesions on brain MRI,
which can be crucial to accelerating
patient treatment.®

Clinical Impact and Future
Perspectives

Automated brain MRI protocol-
ing, along with adaptive protocoling
and alerting during scanning, holds
tremendous promise, especially in
neuroimaging, where protocoling can
be quite intensive. The increased effi-
ciency, standardization, and real-time
quality assurance contribute to a more
seamless and reliable diagnostic pro-
cess and ultimately benefits healthcare
professionals and their patients.

As they continue to evolve, the
potential exists to integrate these
solutions with electronic health
records and other clinical infor-
mation systems. This integration
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could foster a more comprehensive
patient-centric approach, where
imaging protocols are not only opti-
mized based on preliminary imaging
data but also informed by a patient’s
more complete medical history
and clinical, laboratory, pathology
and other data, rather than simply
relying on the information accom-
panying the imaging request. This
holistic approach could lead to even
more personalized and precise im-
aging protocols, potentially further
enhancing diagnostic accuracy.

By harnessing the power of Al
and machine learning, protocol-
ing technologies hold promise for
streamlining workflows, enhancing
efficiency, and improving the overall
quality of neuroimaging. As health-
care embraces digital transforma-
tion, innovations like these will be
pivotal to ensuring the best possible
care of patients. The future holds
exciting possibilities, promising a
new era of precision and reliability
in brain MRI protocols.
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Radiology Matters

Cyberattacks: Not a Matter
of If, but When

Kerri Reeves

Kerri Reeves is a
contributing editor
based in Ambler, PA.

Cyberattacks have become commonplace in
healthcare. In fact, 88% of surveyed healthcare
organizations experienced at least one cyberattack
in the past year.! While 44 million Americans were
affected by health information breaches in 2022,
the number skyrocketed to 106 million last year,
impacting one in three people.? In the past four
years, the Office of Civil Rights (OCR) has seen a
239% increase in large breaches involving hacking
and a 278% increase in ransomware attacks.® These
occur every 11 seconds, and a data breach, on aver-
age, costs $9.23 million.*

For cybercriminals involved in identity theft or
fraud, personal health information (PHI) is big
business. Stolen health records sell up to ten times
or more than credit card numbers.® Recent targets
include Shields Health Care Group, a Massachu-
setts-based medical imaging service provider
that had 2.3 million patient records exposed by a
cybercriminal,® and California-based Regal Medical
Group, a victim of a ransomware attack that com-
promised the PHI of 3.3 million patients.”

“It’s a big problem,” says Christoph Wald, MD,
PhD, MBA, professor and chair of the Department of
Radiology at UMass Chan-Lahey in Burlington, Mas-
sachusetts. Dr Wald warns that owing to the wide-
spread nature of vulnerabilities, “Sooner or later,
you will find yourself in the situation [of an attack].”

Comprehensive cybersecurity—protection of
equipment, networks, and systems from digital
attacks—is necessary in today’s healthcare climate
to maintain quality services and safety of patient
data. It is particularly important in radiology,
where legacy imaging systems remain prevalent.

A department’s oldest imaging assets may be based
on obsolete operating systems and often cannot

be equipped with modern cybersecurity pro-
tection software.

“From a radiologist’s perspective, you're always
managing [up to] 20 years of legacy technology in
your department,” says Dr Wald, adding that with-
out regular security patches, vulnerabilities will
persist, putting entire organizations at risk.

Potentially Severe Consequences of
Cyberattacks

For radiology, which is operationally dependent
on resources connected through local and wide-ar-
ea networks, an attack’s impact can be extensive.
Image output, creation, transport, review, interpre-
tation, dictation, and report distribution are digital
and rely largely on integration with health infor-
mation systems, radiology information systems
(RIS), electronic health records (EHR), and picture
archiving and communication systems (PACS).

“Radiology is the first digital specialty. We are
completely and 100% dependent on these systems
and networks,” Dr Wald says. “When we get attacked,
the whole chain of imaging care may break down
immediately—with potentially immediate effects on
patient care depending on the clinical setting.”

Numerous financial, logistical, and patient care
consequences may result when operations are
compromised. The University of Vermont Health
Network (UVMHN) in Burlington, Vermont, was
targeted by a major cyberattack in 2020. Kristen
DeStigter, MD, chair of the Department of Radiol-
ogy and chief of Health Care Service at the system,
says that impact was significant.

“This was complete devastation,” says Dr DeStigter,
who revealed that their entire infrastructure,
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Radiology is the first digital specialty.

We are completely and 100% dependent

on these systems and networks.

Christoph Wald, MD, PhD, MBA

including more than 5,000 end-user devices across
1,300 servers, were affected by malware.

She said the attack occurred after an employee
opened a seemingly ordinary email attachment on
their laptop at a coffee shop. Ten days later, when
connecting to the health system’s network, a Trojan
virus hidden within that attachment infiltrated the
network, allowing malicious actors to deploy addi-
tional malware to probe other parts of the network.
Soon, ransomware reached a virtual server and be-
gan encrypting all virtual hard disks, resulting in a
widespread system outage. While the network’s EHR
was not impacted, it was shut down proactively.

While medical imaging technology and asso-
ciated integrated networks have vastly improved
care for patients, the seamless connectivity can
make entire health systems vulnerable to secu-
rity breaches and subsequent complications.
Patients may need to be rerouted to neighboring
institutions, experiencing compromises or delays
in imaging care. Further, in-hospital mortality
goes up 20 to 35% for patients admitted during a
ransomware attack.®

UVMHN experienced 39 days of downtime in
outpatient imaging, resulting in “serious financial
consequences,” says Dr DeStigter, citing losses of
more than $63 million. Fortunately, there were no
untoward patient outcomes.

Other cyber targets have become defendants in
class action lawsuits resulting from the exposure
of PHL?® which can also result in penalties running
into the millions of dollars levied under the Health
Insurance Portability and Accountability Act (HI-
PAA). Banner Health, for example, was penalized
$1.25 million for HIPAA violations discovered after
a massive data breach.*

In November, North Carolina-based US Radiolo-
gy, which has operations in New York State, agreed
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to pay a $450,000 fine following a ransomware
attack that exposed PHI of nearly 200,000 patients
after the company failed to remediate a vulnerabil-
ity.* New York Attorney General Letitia James said
that patients “deserve confidence,” stating “In the
face of increasing cyberattacks and more sophisti-

cated scams to steal private data, I urge all compa-
nies to make necessary upgrades and security fixes
to their computer hardware and systems.”*!

Preparedness and Protection

In establishing a cybersecurity strategy, radiol-
ogy leaders must prioritize protective measures
to limit vulnerabilities across their organiza-
tions and preparedness for attacks. Indeed, they
must be ready to switch to analog mode at a
moment’s notice.

“My biggest piece of advice is to be prepared.
Treat your preparation like a mass casualty drill,”
Dr DeStigter says. “The downtime workflow should
be well established and practiced multiple times.”

She says UVMHN kept eight workstations oper-
ational with 24/7 radiology coverage. They had no
computers, PACS, RIS, connected workstations,
dictation, email, pagers, or Internet except for
patient Wi-Fi systems.

“Our entire system went into a ‘downtime pro-
cedure’ we had never practiced,” says Dr DeStigter,
adding that the department had to quickly buy
paper, printers, pens, and other supplies.

Most radiology departments simply are
not prepared for suspension of digital opera-
tions, Dr Wald says.

“When it happens, it’s going to be a mess, so
it’s important to have some building blocks of
functioning,” he observes, referring to ensuring
the availability of and accessibility to paper forms,
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My biggest piece of advice is to be

prepared. Treat your preparation like

a mass casualty drill.

filing systems, processes, and modality-specific

working groups.

Steps to Ensure Secure Systems

From a hardware and software standpoint,
the American College of Radiology (ACR) recom-
mends that the information technology depart-
ments of healthcare facilities, including radiolo-
gy, be sure to:*

+ regularly update and patch operating systems on
imaging and other equipment;

+ encrypt data on physical media and
data in transit;

+ manage security software, including authentica-
tion and passwords;

« tightly control data access on a
need-to-know basis;

« establish secure configurations of networks;

+ perform regular equipment audits to ensure
procedures are followed;

+ perform penetration testing and regular vulnera-
bility assessments; and

- consider end-point protection in the form
of individual firewalls to protect especially
critical equipment.

“Everyone has a piece of the responsibility to
defend our devices,” Dr Wald says, adding that
radiology leaders should stress cybersecurity
awareness as the foundation of department-wide
policies and behaviors.

While securing technology to reduce vulnera-
bilities is important, humans—who are constantly

Applied Radiology

creating, interacting with, and sharing data—are
the vital link in cybersecurity.

“If you had to pick one thing to do [for cyberse-
curity], the human side is the most effective bang
for the buck,” he says, citing a statistic that 90%
of cyber incidents are related to human behavior,
including clicking on phishing emails, using weak
passwords, or failing to update software.

Dr Wald says educating employees about not
clicking on unfamiliar links or opening attach-
ments in suspicious emails, only using organiza-
tion-approved USB drives; not downloading infor-
mation from untrusted websites; and safeguarding
laptops from unauthorized access is vitally
important. All employees should be aware of
cyberthreats, common entry points, and potential
consequences. They should also have a safe and
simple way to speak up and report anything out
of the ordinary.

Unfortunately, none of these measures is
fool proof.

“Protection will not result in the absence of an
event however small or big, so being prepared at
least to the point that you have some concept of
what you're going to do if you go down [is im-
portant],” says Dr Wald, advising that one person
in the department should be tasked with ensur-
ing cybersecurity and preparedness as part of
daily operations.

Know the Drill

Mapping out an imaging enterprise’s informa-
tion ecosystem so radiology managers understand
which functions are performed in-house and which
ones are managed by external IT vendors is also
beneficial. By establishing how various systems are
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connected, radiology leaders can determine how
to stay operational when “the lights go out,” as well
as who to contact about specific concerns, Dr Wald
says, which enables continuity of patient care and
instills department-wide confidence.

Conducting simulated cyberattack drills is also
a good idea; they help employees learn how to rec-
ognize potentially threatening emails and respond
to suspicious events, as well as to identify areas for
improvement. Connecting radiology with other
departments enables the entire facility to share
information and resolve complications.

Radiology department leaders should also work
with their equipment vendors to maintain security
of legacy systems. If a vendor-run program isn't
available, IT and cybersecurity companies are
available to help implement measures such as iso-
lating a resource from the rest of the network with
firewalls, Dr Wald explains.

The Cybersecurity and Infrastructure Security
Agency, the Department of Health and Human
Services, and the Health Sector Coordinating
Council Cybersecurity Working Group all offer
providers tools, resources, training, and infor-
mation. In addition, the ACR’s IT Commission
Cybersecurity Work Group hosts a cybersecurity
resource page with helpful how-tos, primers,
videos, links to government resources and chat
forums, as well as recommendations for recov-
ery strategies.*

At UVMHN, site of the most significant health-
care cyberattack of 2020, Dr DeStigter recalls the
impact on the organization’s finances, employee
morale, and patient care.

“It took seven months for us to come back fully
in radiology,” she says, noting that some 300
employees were furloughed or reassigned because
of the attack. She also recalls the disappointment
of oncology patients whose prior studies were
rendered unavailable to help assess whether their
treatments were working.

“We thought we were secure. No hospital is
secure,” says Dr DeStigter, who urges collaboration
and investment in cybersecurity measures to safe-
guard patient data and maintain the uninterrupted
provision of medical imaging services.

“Hospital administrators and their IT depart-
ment should ensure radiology is prioritized and
well-protected,” she concludes.

RADIOLOGY MATTERS
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RADIOLOGICAL CASE

Limy Bile Syndrome

Gary G. Ghahremani, MD

Case Summary

An adult with cirrhosis due to
hepatitis C infection was referred for
abdominal imaging.

Computed tomography (CT) re-
vealed a large, radiopaque gallblad-
der containing numerous calculi.

A nodular liver and ascites were

also present. Magnetic resonance
imaging (MRI) showed cholelithiasis
and an enhancing lesion of the right
hepatic lobe consistent with hepato-
cellular carcinoma.

Imaging Findings

Precontrast CT showed a distend-
ed gallbladder measuring 10.2 cm in
length and 4 cm in diameter, filled
with markedly radiopaque content
(184 HU). The gallbladder contained
many small calculi and its neck was
blocked by a 1.2 cm impacted stone.
A cirrhotic liver and massive ascites
were also visible (Figure 1). Ultraso-
nography of the gallbladder re-
demonstrated the cholelithiasis, but
there was no pain or tenderness on
palpation (Murphy sign) to indicate

Affiliation: Department of Radiology, University of California-
San Diego Medical Center, San Diego, California.
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cholecystitis (Figure 2). MRI obtained
4 months later showed the abnormal
gallbladder and ascites, as well as a
1.6 cm enhancing lesion in segment
8 of the right hepatic lobe that rep-
resented a hepatocellular carcinoma
(Figure 3). This tumor was treated
twice with transarterial embolization
(TACE) prior to liver transplantation.

Diagnosis

Limy bile syndrome.

The differential diagnosis includes
gallbladder opacification by contrast
material following oral cholecys-
tography or endoscopic retrograde
cholangiography, vicarious excretion
due to renal or hepatic failure, and
porcelain gallbladder.

Discussion

Limy bile syndrome (LBS), also
known as milk-of-calcium gallblad-
der, is a rare idiopathic condition
usually recognized by its distinct
radiological features.® The condition
is characterized by dense opacifica-
tion of the gallbladder, and seldom
the bile ducts, with a creamy solution
of calcium salts in the form of
carbonate, oxalate, phosphate, or
bilirubinate. The underlying

pathogenesis is believed to be
abnormal metabolism of calcium
and low pH of excreted bile.* In most
of the reported cases the gallbladder
had been obstructed by an impacted
stone in its neck or cystic duct. Limy
bile syndrome can be associated with
hyperparathyroidism, chronic
cholecystitis, gallstone-induced
pancreatitis and, in very rare
instances, gallbladder cancer or
cholangiocarcinoma.>®

This entity is usually diagnosed in
patients older than 40 years, with a
3:1 female-to-male ratio.* Only a few
cases have been reported in pediatric
patients.” Most patients with LBS
are asymptomatic; the condition is
detected incidentally on imaging
studies performed for unrelated ab-
dominal disorders.»® However, some
patients present with right subcostal
pain, fever, and jaundice resulting
from concurrent cholecystitis or bili-
ary obstruction by gallstones.>*

The typical finding on abdomi-
nal radiography and CT is that of a
densely radiopaque gallbladder filled
with a highly viscous substance,
intraluminal calculi, and often
obstructed by an impacted gallstone
in its neck or cystic duct. Sonog-
raphy and MRI can demonstrate
cholelithiasis and associated ascites
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Figure 1. Noncontrast CT of the abdomen. (A) Axial image of the upper abdomen reveals a distended gallbladder with highly radiopaque content and
numerous calculi. Ascites and splenomegaly due to liver cirrhosis are visible. (B) This section demonstrates the 1.2 cm obstructing stone (arrow) in the
neck of the gallbladder.

Figure 2. A sonogram of the gallbladder in sagittal
section demonstrates its normal wall thickness and
many retained calculi within its lumen.

Figure 3. Axial (A) T1 and (B) T2 MRI of the upper abdomen show the enlarged gallbladder with its very viscous content and cholelithiasis (arrows).
Note the large amounts of intraperitoneal fluid and cirrhotic liver.
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Limy Bile Syndrome

or pathological processes of the liver
as in this case."*

The recommended treatment is
cholecystectomy."¢ This operation
is usually performed electively, to
prevent future complications. Spon-
taneous resolution through discharge
of abnormal gallbladder content into
the duodenum has been reported in
a few isolated instances.®°

Conclusion

Abdominal radiography and
cross-sectional imaging modalities
play a crucial role in the diagnosis of
limy bile syndrome and evaluation of
its associated pathological processes.
This case report highlights the unique
clinical and imaging features that

Applied Radiology

help in the recognition and manage-
ment of this rare entity.
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RADIOLOGICAL CASE

Arrested Pneumatization of the Left Central

Skull Base

Vijay Radhakrishnan; Dhiraj Rajkumar, MD; Sanjay Radhakrishnan

Case Summary

An adult with a history of head-
ache and obstructive sleep apnea
presented to their primary care
provider with nasal congestion. The
patient had no other relevant medi-
cal history of chronic illness. The pa-
tient also had no history of smoking
and was not on blood thinners.

Imaging Findings

Maxillofacial CT scan (Figure
1) revealed a nonexpansile lesion
involving the left central skull base.
Further examination revealed inter-
nal curvilinear calcifications with
well-defined sclerotic margins.

Diagnosis

Arrested pneumatization of the
left central skull base

Discussion

Arrested pneumatization (AP) is
a commonly misdiagnosed condi-
tion that occurs in the early stages
of fetal development and continues
through childhood and puberty.
Sinus development diverges from
the typical developmental pattern.?
Arrested pneumatization results from
the failure of pneumatization before
respiratory mucosa can extend into
locations of early fatty marrow con-
version.? This uncommon develop-
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Figure 1. Maxillofacial CT
scan reveals a nonexpansile
lesion approximately 1 cm
in diameter involving the left
half of the basisphenoid/
ventral clivus. The lesion
has internal curvilinear
calcifications with well-
defined sclerotic margins.
All criteria for the diagnosis
of arrested pneumatization
are met.

mental variant typically occurs near
the sphenoid sinus in the central skull
base. The etiology for this maldevel-
opment is currently unknown, and
diagnosis is usually incidental on
imaging for another condition. Some
potential factors that may contribute
to this entity include bone composition
and vascularization, although further
research is necessary.!

Preoperative diagnosis with CT and
MRI is key to avoiding unnecessary
surgery and/or other treatment of AP,
which is widely considered a normal
variant in fetal development that
requires no additional treatment. A
specific set of four criteria must be met
for confident diagnosis: 1) the lesion
must be located at a site of normal
pneumatization or accessory sphenoid
sinus pneumatization; 2) the lesion
should have thin, well-defined sclerotic
margins; 3) the lesion must be non-
expansile; and 4) internal curvilinear
calcifications must be present.**

Detailed inspection of images,
coupled with awareness of the entity,
can aid in making the diagnosis.!
Mistaking this entity can contribute to
unnecessary surgeries and/or follow-up

examinations. Possible differential con-
siderations include but are not limited
to ossifying fibroma, bone metastases,
and chondrosarcoma.?

Conclusion

Arrested pneumatization is a
developmental variant with a poorly
understood etiology. Radiologists
should be familiar with the key fea-
tures of AP on CT and MRI in order
to make an accurate diagnosis.
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RADIOLOGICAL CASE

Aortoenteric Fistula Following
Aortobifemoral Grafting

Param Patel, BS; George Weck, MD; Steven Lee, MD; Bret Coughlin, MD; Prasanta Karak, MD

Case Summary

An adult with diabetes presented
to the emergency department with a
3-week history of right-sided abdomi-
nal and right lower extremity pain. The
patient was 2 years status postaortobi-
femoral (type) bypass graft.

Imaging Findings

Initial noncontrast CT (Figure 1)
demonstrated an aortoiliac bypass
graft abutting the second portion of
the duodenum without an intervening
fat plane. There were several locules
of gas in the proximal right iliac limb
of the bypass graft concerning for
abnormal fistulous communication
between the duodenum and the graft.
Contrast-enhanced CT corroborated
this finding and further demonstrated
complete occlusive thrombus of the
right iliac limb of the bypass graft.
Subsequent positron emission tomog-
raphy (PET)/CT (Figure 2) demonstrat-
ed fluorodeoxyglucose avidity of the
entire aortoiliac bypass graft, raising
strong suspicion for an infected bypass
graft. Following CT angiography, an
upper endoscopy confirmed the sus-
pected diagnosis of aortoenteric fistula
(AEF, Figure 3.).

Diagnosis

Aortoenteric fistula
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Discussion

Primary AEFs can be caused by
abdominal aortic aneurysms, which
have mass effect upon gastrointestinal
(GI) structures and can erode into the
bowel in the presence of inflamma-
tion. Primary AEFs have an incidence
of 0.04-0.07%, and are typically
associated with septic aortitis, cancer,
and autoimmune diseases.' Secondary
AEFs usually result from aortic pros-
thetic graft erosion after open repair
and affect the third portion of the
duodenum because of this portion’s
retroperitoneal fixation and proximity
to the aorta. The overall incidence of
secondary AEFs is 0.36-1.6%, and they
are rarely observed after endovascular
aneurysm repair.?

Aortoenteric fistulae typically
present with minor “herald” GI
bleeding followed by catastrophic
life-threatening hemorrhage, making
early diagnosis and treatment crucial
for improved clinical outcomes.® In
addition to recurrent septicemia from
enteric pathogens and abdominal pain,
some patients may present with a pul-
satile abdominal mass that indicates
an aneurysm.* Management of AEFs in-
volves surgical intervention, including
repair or excision of the affected aortic
segment, as well as GI reconstruction
if necessary. Although no imaging
modality provides high sensitivity and
specificity to diagnose AEFs, CT is the
preferred for emergency evaluation,
owing to its speed and availability. The
accuracy of CT in diagnosing AEFs
varies widely, with sensitivity ranging

from 40% to 90% and specificity rang-
ing from 33% to 100%.°

The development of secondary
aortoenteric fistula involves various
mechanisms, including bacterial
contamination of a prosthetic graft
leading to infection, anastomotic fail-
ure, and peri-graft infection.® Other
factors contributing to secondary
AFF pathogenesis include bowel
damage, ischemia, mechanical injury,
inflammation, and erosion. Pseu-
doaneurysms or perigraft abscesses
can compress or invade the intestinal
lumen, while mechanical erosion
of the intestinal wall can be caused
by graft-induced inflammation and
infection. In this case, the placement
of the graft near the small bowel may
have resulted in repetitive microtrau-
ma from pulsatile motion, leading to
bacterial seeding and graft infection
and ultimately resulting in aortic graft
thrombosis. The breakdown of the
graft wall resulted in the formation of
a fistulous connection.

The cardinal manifestations of
secondary AEF primarily consist of
GI bleeding and severe hemorrhagic
shock.® Frequently, patients with
AFF may experience graft infection,
which can manifest with fever and
sepsis. Our patient had right lower
extremity pain secondary to aortoiliac
occlusive disease stemming from the
thrombosed graft. This thrombus can
be protective against active arterial
extravasation into the GI tract.

This patient exhibited marked
leukocytosis without fever, raising
concerns of possible graft infection,
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Figure 1. (A) Axial view of a
noncontrast CT demonstrates “
loss of fat plane between the
third portion of the duodenum
and the aortoiliac bypass

graft. The identification of a
locule of gas (arrow) adjacent

to the aortoiliac bypass graft,
which cannot be definitively
delineated as being extraluminal,
raises a strong suspicion

for an aortoenteric fistulous
connection. (B) Axial CTA view

of the abdomen demonstrates
occlusive thrombus at the origin
of the right limb of the aortoiliac
bypass graft (arrow). There is a
persistent antidependent locule
of gas within the graft with no
active arterial extravasation.

Aortoenteric Fistula Following Aortobifemoral Grafting

Figure 2 . Coronal PET/CT coronal view demonstrates patchy FDG uptake throughout
the entire aortoiliac bypass graft tracking into both groins, suggestive of infection/

inflammation.

a suspicion that was confirmed by
the PET scan findings. PET scanning
can help determine the extent of
infection in a graft, which can help
guide the extent of graft explant.
The surgical approaches in these
cases may be open or endovascu-
lar and should be individualized

for each patient.

Conclusion

Secondary AEF is a rare and
life-threatening complication of
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abdominal aortic aneurysm repair.
Diagnosis of secondary AEF can be
challenging and relies on a high index
of clinical suspicion in patients with
prior aortic intervention. Distinctive
CT findings associated with AEF
include ectopic gas within the aortic
wall, thickening of the local bowel
near the aorta, and rupture of the
aortic wall. This case highlights the
importance of recognizing the poten-
tial for mechanical factors to contrib-
ute to the development of secondary
aortoenteric fistula.

RADIOLOGICAL CASE

Figure 3. Upper gastrointestinal
endoscopy reveals the vascular graft
(yellow) within the lumen of the third part
of the duodenum.
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“No nation is greater than another. The difference

is people and the leaders.”

—Benjamin Suulola

C. Douglas Phillips, MD

A huge benefit of academia is being able to
work hard for less money. No. Did he say that?

Of course not. Jeez, that was unhinged. What I
MEANT to say is that a huge benefit of academia is
being able to make friends and develop colleagues
among a large group of national and international
radiologists who share your interests and specialty.

My wife and I have been really lucky to travel
and see some pretty incredible practices and hos-
pitals and meet some amazingly bright and driven
radiologists from all around the world. A recent
visit that I feel obligated to talk about is our trip
to Tallinn and Tartu, Estonia. (Yes, by all means,
consult a map if you need to.)

We visited for two reasons—to lecture at the
2022 Baltic Congress of Radiology meeting, and to
lecture to residents and trainees at the University
of Tartu Hospital.

In all honesty, we approached this with a fair
amount of trepidation: What would we see? What
would the lecture halls be like? How advanced
would this medical culture be? You know how we

‘muricans can be—hard to imagine that anyone
does things as well as we do. The superiority thing
is almost always there, and even though we’ve
already been to many European countries that do
everything we do, only maybe a good bit better,
it still lives there in my brain. So, what might
Estonia show us?

These are amazing people. They are resilient.
Left by the Soviet Union in 1991 (after nearly a
half-century of occupation) with not much of

worth, they turned every bit of hard luck and
crumbling infrastructure into something magnif-
icent. The hospitals are good—very good. Their
equipment may be a little less in number, but abso-
lutely of top quality. Good cars, great roads, well-lit
streets, wonderful shops and restaurants.

We saw robots delivering take-out on the street,
the wheeled beasts occasionally waiting at a corner
for the light to change before charging on down
the street to drop off a pizza. The meeting was at
a renovated Soviet-era power plant, now chic and
elegant with state-of-the-art functionality while
maintaining a retro feel. It was populated with
artisan shops and work areas.

Wonderful food was everywhere, and most
importantly, so were wonderful people. Folks who
have seen a little different history than we have and
appreciate where they are and know exactly where
they are going. And the training staff in radiology
are caring, bright, and driven. We enjoyed our time
immensely and yes, we would happily go back.

It sure made me reflect on things. Odd times
here in the US. Some have decided to revisit some
isolationist attitudes that maybe haven't worked so
well before. Polarization levels are high. Getting
out and around is a good way to kill those thoughts.
We had the opportunity to meet, work with, teach,
and learn from some amazing people. I'd like to
stay engaged with these folks. I think I learned as
much as I could ever teach.

Keep doing that good work. Broaden your
horizons. Mahalo.

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