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Introduction

Cardiac magnetic resonance
imaging (MRI) is a well-established,
noninvasive tool that provides
high-quality assessments of cardiac
structure and function, without the
ionizing radiation required by other
techniques such as cardiac cathe-
terization and contrast-enhanced
computed tomography.' In cardiac
MRI, three-dimensional image
acquisition techniques help identify
congenital anomalies and evaluate
right ventricular anatomy."? Cine

MR sequences, typically acquired
using steady-state free precession
and played in movie mode, can as-
sess ventricular function and quan-
tify volumes.?® Cardiac MRI is also
regarded as the ‘gold standard’ for
evaluating global and regional left
ventricular size and function.?® In
the setting of valvular heart disease,
cardiac MRI can assess both valve
morphology and function, in addi-
tion to ventricular response.** This
modality also offers an advantage
over echocardiography in patients
with poor acoustic windows due to

body size or lung disease.® Finally,
coronary MR angiography leverag-
es the high signal of coronary blood
flow to enhance contrast between
the vessels and surrounding myo-
cardium, allowing for noninvasive
assessment of coronary artery
anatomy and potential disease.>?
The introduction of gadolini-
um-based contrast agents (GBCAs)
has further driven the diagnostic
capabilities of cardiac MRI by in-
creasing the sensitivity and speci-
ficity for detecting a broad range of
pathologies.® Although considered
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Table 1. Properties of US Food and Drug Administration-Approved Gadolinium-Based Contrast Agents.?%16-23

GENERIC NAME BRAND NAME DISTRIBUTION rl at r2 at
(MANUFACTURER) 1.5 T/3.0T 1.5T/3.0T
(s'mM) (s*mM?)
Gadoteridol ProHance (Bracco) Extracellular fluid 41/3.7 5.0/5.7
Gadobutrol Gadavist, Gadovist (Bayer) Extracellular fluid 52/5.0 6.1/7.1
Macrocyclic Gadoterate Dotarem (Guerbet) Extracellular fluid 3.6/35 43/49
meglumine Clariscan (GE Healthcare)
Gadopiclenol Vueway (Bracco) Extracellular fluid 12.8/11.6 15.1/14.7
Elucirem (Guerbet)
Gadobenate MultiHance (Bracco) ~95% extracellular fluid 6.3/5.5 8.7/11.0
dimeglumine ~5% hepatobiliary
Linear
Gadoxetic acid Eovist, Primovist (Bayer) ~50% extracellular fluid 6.9/6.2 8.7/11.0
~50% hepatobiliary

safe, cases of nephrogenic systemic
fibrosis (NSF) in patients with severe
renal insufficiency and the potential
for gadolinium retention in body
tissues have prompted the devel-
opment of GBCAs with improved
physicochemical properties.” Gadop-
iclenol, the most recent GBCA to be
approved by the US Food and Drug
Administration, offers high relaxivity
and kinetic stability, which enables
the use of half the gadolinium dose
of standard GBCAs.%® This article
discusses the clinical applications
and value of cardiac MRI, as well as
the role of gadopiclenol in improv-
ing patient care.

The Clinical Value
of Gadopiclenol in
Cardiac Imaging

All GBCAs contain gadolinium
(Gd*), a paramagnetic ion that
alters the magnetic properties of
nearby water molecules to enhance
the contrast between normal and
pathological tissues on T1-weighted
images.”! This differentiation is
particularly beneficial in cardiac
MRI, where it can help detect a
wide range of pathologies, includ-
ing myocarditis, cardiomyopathy,
congenital heart diseases, and
myocardial viability.>** Gadolinium

enhancement has also demonstrated
utility in stress perfusion imaging to
better understand myocardial blood
flow for the assessment of ischemia
and severity of coronary artery
disease.>':1415

Gadopiclenol is a welcome ad-
vancement to the GBCA landscape,
owing to its macrocyclic structure,
which imparts high kinetic stability
and a relaxivity that is 2- to 3-fold
higher than that of other standard
GBCAs and maintained across dif-
ferent field strengths (Table 1).1-2
Over the past 20 years, numerous
randomized controlled trials have
confirmed the diagnostic perfor-
mance of a high-relaxivity GBCA
compared with an equivalent dose
of a standard-relaxivity agent across
many clinical applications.* In
similarly designed phase 3 random-
ized clinical studies, a 0.05 mmol/kg
dose of gadopiclenol yielded a di-
agnostic quality comparable to that
of a 0.1 mmol/kg dose of a standard
GBCA in terms of the degree of con-
trast enhancement and quality of
morphologic lesion characteristics,
suggesting that higher relaxivity en-
ables the administration of a lower
gadolinium dose.?>*

GBCA retention in body organs is
influenced in part by kinetic stability,
which, owing to their cage-like struc-

ture, is inherently higher among mac-
rocyclic agents than linear contrast.®
Although some degree of gadolinium
retention has been observed with all
GBCAs, the higher kinetic stability of
macrocyclic agents results in a lower
possibility for Gd** ion dissociation,
reducing the theoretical risk of NSF
development and gadolinium reten-
tion in tissues.* Likewise, studies
conducted in rat models demonstrate
lower and dose-dependent gado-
linium retention with gadopiclenol
compared to linear GBCAs.** While
no evidence suggesting harmful clini-
cal effects from gadolinium retention
has been published,” the opportu-
nity to lower gadolinium exposure
without losing diagnostic quality
makes gadopiclenol an appealing
contrast option. As clinic experience
with gadopiclenol grows, its overall
safety profile in adult and pediatric
populations is becoming increasing-
ly well established. According to a
recent US post-marketing surveillance
report based on more than 880,000
administrations of gadopiclenol, no
serious adverse events and a very low
rate of nonserious adverse events

(1 case per every 27,580 exposures)
were observed.* Moreover, the types
of adverse events observed were
similar to those reported for other
GBCAs available for clinical use.®
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Figure 1. Cardiac MRI sequences (enhanced with 12 mL gadopiclenol) in a 29-year-old male patient with a past medical history of pericarditis
presenting to the emergency department with complaints of chest pain. He was diagnosed with pericarditis. Abbreviations: 4CH, 4 chamber
view; DB STIR, double inversion recovery short tau inversion recovery; LGE, late gadolinium enhancement; MAG, magnitude; PSIR, phase sensitive
inversion recovery; SAX, short axis

PSIR 3CH LGE

MAG 3CH LGE

Experience with Gadopiclenol

At West Virginia University, our
practice regularly sees patients
with complex cardiovascular con-
ditions for which cardiac MRI often
proves to be invaluable, as demon-
strated in Figures 1-4.

Case 1: A Man Evaluated
for Pericarditis

In the first case, a 29-year-old
male patient with a past medical
history significant for pericarditis
presents to the emergency depart-
ment with complaints of chest
pain, severe in intensity, worse
when lying down and improved
with sitting. Due to concern about
pericarditis, the patient had been
treated with non-steroidal an-
ti-inflammatory drugs (NSAIDs;
ibuprofen 600 mg three times daily)
and colchicine 0.6 mg twice daily,
which were prescribed during the
previous episode. On presentation,
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the patient had a low-grade fever of
100.5° F, and the rest of the physical
examination was unremarkable.

Blood work, including com-
plete blood count, comprehensive
metabolic panel, and troponin, was
unremarkable. Elevated C-reactive
protein of 130.4 (normal, <8 mg/L)
and erythrocyte sedimentation rate
of 32 mm/hr (normal, 0-15 mm/
hr) were noted. Workup including
antinuclear antibody, rheumatoid
factor, cyclic citrullinated peptide
antibody IgG, anti-double-stranded
DNA, and anti-Sjogren’s antibodies
(anti-SS-A and SS-B) were negative.
C3 and C4 complement levels were
normal. An electrocardiogram and
chest x-ray were unremarkable. An
echocardiogram revealed a small
localized pericardial effusion locat-
ed anterior to the right atrium.

For strong suspicion of pericar-
ditis and given the history of prior
pericarditis episodes, a cardiac

4CHT2 SAX T2

MAG SAX LGE

J.

PSIR 4CH LGE

MRI was performed with 12 mL

of gadopiclenol, which revealed a
circumferential delayed gadolin-
ium enhancement of the pericar-
dium strongly suggestive of active
pericarditis (Figure 1). There was
no pericardial thickening (3 mm,;
however, trace pericardial fluid
was noted). Linear myocardial
delayed enhancement was noted
in the lateral and inferior walls.
Cardiac MRI was diagnostic for
pericarditis. The patient started
treatment with NSAIDs, colchi-
cine, and eventually rilonacept
and was discharged after clini-
cal improvement.

Case 2: A Woman Evaluated
for Cardioverter Defibrillator
Implantation for Sudden
Cardiac Death Prevention

In a second case, a 65-year-old
female patient with a relevant past
medical history significant for
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Figure 2. A 65-year-old female evaluated for cardioverter defibrillator implantation for sudden cardiac death prevention. Cardiac MRI with 12 mL
gadopiclenol revealed globally prolonged native T1 time and extracellular volume with localized fibrosis in superior and inferior right ventricular
insertion points. Abbreviations: LGE, late gadolinium enhancement; MAG, magnitude; MOCO, motion corrected; PSIR, phase sensitive inversion
recovery; SAX, short axis; Tl, inversion time.

SAX

MAG LGE

PSIR MOCO LGE

MAG LGE (EARLIER) SAX

T1 SAX

LONG TI

hypertrophic obstructive cardio-
myopathy, left anterior descending
bridging, and a family history of
sudden cardiac death in a second-
degree relative in the seventh decade
of life was seen in the electrophysi-
ology clinic for the evaluation of car-
dioverter defibrillator implantation
for sudden cardiac death prevention.
An echocardiogram revealed a
reverse septal curvature variant
with evidence of dynamic left
ventricular outflow tract obstruction
and a peak outflow tract gradient of
95 mmHg with Valsalva and prom-
inent systolic anterior motion of

the mitral valve. Holter monitoring
revealed one asymptomatic run of
non-sustained ventricular tachycar-
dia lasting 10 beats at a rate of 160
beats per minute.

For the quantification of fibrosis
burden, a cardiac MRI was per-
formed with 12 mL of gadopiclenol.
It revealed globally prolonged native
T1 time and extracellular volume
(ECV) with localized fibrosis in the
superior and inferior right ventric-
ular insertion points (Figure 2).
Myocardial fibrosis was quanti-
fied at 6.1% (low risk). There was
evidence of inferior and anterior

extensive right ventricular inser-
tion point fibrosis. The cardiac
MRI also confirmed asymmetric
septal wall thickening along with

a separate myocardial crypt in the
mid-anteroseptal segment and flow
acceleration in the left ventricular
outflow tract due to systolic anteri-
or motion of the mitral valve. Car-
diac MRI risk stratification placed
the patient at low risk, avoiding the
need for an implantable cardiovert-
er defibrillator based on several
recent American College of Cardi-
ology/American Heart Association
Appropriateness Criteria.*

Applied Radiology
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Figure 3. Cardiac MRI sequences (enhanced with 9.7 mL gadopiclenol) in a 78-year-old male
patient presenting with complaints of progressively worsening exertional chest pain and shortness
of breath. He was diagnosed with microvascular obstruction. Abbreviations: 2CH, 2 chamber view;
4CH, 4 chamber view; LGE, late gadolinium enhancement; MAG, magnitude; PSIR, phase sensitive
inversion recovery; SAX, short axis.

gadolinium enhancement (LGE)
involving subendocardial basal to
apical septum, along with evidence
of microvascular obstruction in

MAX SAX LGE (EARLIER ACQUISITION)

4CH 2CH

/M

Case 3: A Patient With
Microvascular Obstruction

Cardiac MRI is also helpful in
identifying microvascular obstruc-
tion, as demonstrated in the case of
a 78-year-old male patient with a past
medical history of coronary artery
disease status post-percutaneous
intervention to the mid left anterior
descending artery, and medically
managed complex right coronary
artery disease, type 2 diabetes
mellitus, and hyperlipidemia. The
patient presented with complaints of
progressively worsening exertional
chest pain and shortness of breath.

Echocardiography revealed
very severe left ventricular systolic
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PSIR LGE SAX (LATE)

MAG SAX LGE (LATER)

dysfunction (LVEF 20%) with global
hypokinesis and left ventricular end-
diastolic pressure >30 mmHg. For
further evaluation, the patient un-
derwent left heart catheterization re-
vealing severe three-vessel coronary
artery disease involving critical distal
left main (90%), critical ostial left
anterior descending (95%) and left
circumflex (90%), and chronic total
occlusion of right coronary artery
(100%). A cardiac MRI was per-
formed for viability assessment using
9.7 mL of gadopiclenol (Figure 3).
The cardiac MRI revealed globally
reduced motion with akinesia of the
basal to mid septum and anterior
wall, apical segments, and apex. Late

the rest of the septal myocardium,
findings consistent with non-viable
myocardium, were appreciated.
However, there was subendocardial
LGE involving the mid to apical
anterior wall with 50% of the wall
thickness in the mid anterior wall
and 50% of wall thickness in the
apical anterior wall, consistent
with subendocardial infarction and
ischemic cardiomyopathy, but with
viable tissue.

The patient was deemed a non-
surgical candidate following eval-
uation for cardiothoracic surgery.
For concerns of acute coronary
syndrome, the patient underwent
intravascular ultrasonographic
guided complex percutaneous in-
tervention with rotational atherec-
tomy and bifurcation stenting of
the left circumflex and left anterior
descending artery. Cardiac MRI
demonstrated with LGE imaging a
moderate degree of viability despite
substantial myocardial asynergy
affording an opportunity for a
high-risk intervention. Confirming
the cardiac MRI with a subsequent
echocardiogram revealed LVEF
had improved to 35%, particularly
in the anterolateral left anterior
descending territory.

Case 4: A Young Woman With
Hypereosinophilic Syndrome

We have also used cardiac MRI
to diagnose hypereosinophilic
syndrome with cardiac involvement.
Recently, we saw a female patient
in her thirties with a past medical
history significant for primary
hypertension and hyperlipidemia,
and a recent cesarean section, with
worsening dyspnea on exertion and
orthopnea for one week. On presen-
tation, the patient was tachypneic
with sinus tachycardia, elevated
blood pressure (150/107 mmHg),
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Figure 4. A female patient in her thirties presenting with worsening dyspnea on exertion and orthopnea for one week. Cardiac MRI (enhanced
with 6.7 mL gadopiclenol) led to diagnosis of organ-restricted hyper-eosinophilic syndrome with cardiac involvement without eosinophilic
myocarditis. Abbreviations: 2CH, 2 chamber view; 4CH, 4 chamber view; LGE, late gadolinium enhancement; MAG, magnitude; PSIR, phase
sensitive inversion recovery; SAX, short axis; Tl, inversion time.

INITIAL MRI 3 MONTHS LATER 9 MONTHS LATER

4CH

2CH

T1

LONG TI

PSIR LGE 4CH

PSIR LGE 2CH

MAG LGE SAX
(APEX)
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and bilateral basilar crackles on
pulmonary auscultation. The initial
workup, which included a complete
blood count, comprehensive meta-
bolic panel, troponin, arterial blood
gas, and respiratory pathogen
panel, was unremarkable. Brain
natriuretic peptide was elevated at
765 (normal, <100 pg/mL). A chest
x-ray revealed prominent intersti-
tial markings suspicious for fluid
overload. A computed tomography
scan of the chest with contrast was
negative for pulmonary embolism.
An echocardiography revealed nor-
mal left ventricular size and systolic
function. It also revealed endo-
myocardial thickening of the apical
segments and the entire lateral
wall, sparing the valves. Testing for
Chagas disease was negative. The
patient underwent an endomyo-
cardial biopsy, which showed mild
myocyte hypertrophy with focally
mild vacuolization in the myocytes
without inflammatory, fibrotic, or
viral cytopathic changes. A cardiac
MRI, performed with 6.7 mL of
gadopiclenol, revealed a normal
left ventricle with mildly decreased
systolic function and akinesis

of mid inferior, apical anterior,
apical septal, apical inferior, and
apical lateral walls, as well as the
apex (Figure 4).

Tissue parametrics demonstrated
mildly elevated native T1 time and
ECV. There was mid-myocardial
LGE in the basal anteroseptal wall,
suggesting a myocardial scar from
nonspecific fibrosis. A laminar left
ventricular apical thrombus mea-
sured 18 mm x 51 mm. First-pass
perfusion showed a lack of perfu-
sion in the left ventricular thrombus
area, a classic ‘Double V’ sign of
eosinophilic (Loeffler’s) myocardi-
tis. The patient was diagnosed with
organ-restricted hyper-eosinophilic
syndrome with cardiac involvement
but without biopsy-proven eosino-
philic myocarditis, yet with cardiac
MRI-pathognomonic Loeffler’s myo-
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carditis. She was discharged home
on steroid therapy with guideline-di-
rected medical therapy. The patient
underwent a repeat cardiac MRI
6 months later, which revealed a
fixed left ventricular thrombus,
improvement in size with mid myo-
cardial LGE in the basal interventric-
ular septum, suggesting myocardial
scar from nonspecific fibrosis.
Comprehensive genetic testing
for 82 genes was negative. A further
repeat cardiac MRI at six months
revealed subtle LGE in the apical
inferior sub-endocardium, with
native T1 and ECV mildly elevat-
ed; however, T2 time was normal,
indicating no evidence of acute
inflammation. A very small residual
apical thrombus was present, likely
entangled in chordae tendinea. The
use of gadolinium to confirm the
diagnosis and initiate therapeutics
was instrumental in this biop-
sy-negative case under the assump-
tion that the biopsy(s) missed the
area of active inflammation as the
approach was confined to the right
ventricular septum.

Implementation of
Gadopiclenol

Historically, many gadolini-
um-enhanced cardiac MRI tech-
niques were established using high-
er than recommended body weight
dosing (ie, double or one and a half
times the standard dose or rarely
triple dosing).>* This dosing was
thought to be necessary to capture
pathologies that require more
precise differentiation between
normal and abnormal structures.
With the introduction of gadopi-
clenol, MR imaging professionals,
initially expressed concern that the
0.05 mmol/kg dose could compro-
mise diagnostic quality due to the
reduced contrast volume delivered.

In our practice, we successfully
transitioned to gadopiclenol for
cardiac MRI protocols. The process
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began with gaining a better under-
standing of its capabilities at the
lower gadolinium dose, and how it
could address imaging needs with-
out sacrificing patient safety. After
a successful product evaluation
period and staff education, we ob-
tained the necessary administrative
approvals and updated our cardiac
MRI contrast-enhanced protocols.
During our evaluation period,

we also noted that the approved
weight-based dosing of gadopi-
clenol at 0.05 mmol/kg provided
adequate image quality without

the need to adjust the saline chaser
post-gadopiclenol infusion. As a
result, we have not adjusted the
saline chaser across all gadopicle-
nol-enhanced cardiac MRI scans.
Specifically with stress perfusion,
we utilize a dose of 0.025 mmol/kg
for rest perfusion followed by
another 0.025 mmol/kg for stress
perfusion. Many times, LGE for
viability is indicated, and so we em-
ploy an additional 0.025 mmol/kg
dose immediately following the
stress perfusion. Some centers may
prefer only to use stress perfusion
imaging and, if normal, eliminate
rest perfusion imaging. Alternative-
ly, other centers may utilize stress
imaging followed automatically by
rest imaging. We prefer to incorpo-
rate rest imaging regardless of the
clinical findings on stress imaging
as a check on the accuracy of the
stress findings, as well as to verify
the study findings.

Communication and
Collaboration

Effective communication and
shared knowledge among our
multidisciplinary teams are the keys
to our success with gadopiclenol
use in cardiac MRI. As cardiolo-
gists, we enjoy a dynamic working
relationship with our radiologists,
owing to the fact that our expertise in
cardiovascular anatomy and function
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has been pivotal in educating both
radiologists and MRI technologists.
This collaboration has helped ensure
accurate image acquisition and the
identification of abnormalities that
help inform clinical decision-mak-
ing. Therefore, it is recommended
that those performing cardiac MRI
have a deep understanding of cardiac
anatomy, pathology, and physiology
in order to elevate patient care.
Notably, MRI technologists
play a critical role in achieving
a diagnostic cardiac MRI scan.
Their advanced technical skills and
understanding of cardiac anatomy
for cardiac imaging allows them to
adapt and think critically in our dy-
namic environment, thus assisting
both radiologists and cardiologists
in delivering optimal imaging that
impacts patient care. Close collab-
oration with our cardiologists has
augmented the MRI technologists’
training; thus, we have found that
a close partnership between the
cardiologists and the MRI technol-
ogists ensures a diagnostic cardiac
MRI examination. When feasible,
we recommend that a cardiologist
join the MRI technologist during
scanning to achieve optimal images
and collaborate with the radiologist
to support exam interpretation.
This collaborative environment aids
in a better understanding of each
patient’s imaging needs and sup-
ports the acquisition of high-quality
images that aid clinical diagnosis.

Summary

GBCAs are powerful tools that
can improve the diagnostic util-
ity of cardiac MRI examinations
through accurate diagnosis and
careful disease monitoring, as well
as informed treatment planning.
The potential risks of GBCAs have
led to the development of gadopi-
clenol, an agent with the highest re-
laxivity commercially available and
high kinetic stability that enables

CLINICAL APPLICATIONS OF GADOPICLENOL IN CARDIAC MRI

lower gadolinium dosing without
sacrificing image quality. Espe-
cially for complex cardiac cases,
these attributes solidify the value
that an agent such as gadopiclenol
adds to the cardiac MR physician’s
armamentarium. As demonstrated
in clinical studies, a 0.05 mmol/kg
dose of gadopiclenol provides im-
proved contrast enhancement with
high diagnostic accuracy and effi-
cacy compared with a 0.1 mmol/kg
dose of standard GBCA. As institu-
tions evolve to adopt gadopiclenol,
a staged approach to implementa-
tion and multidisciplinary collab-
oration can enhance diagnostic
accuracy and ultimately improve
cardiovascular care.
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