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Multimodality Imaging in the Diagnostic )
Work-Up of Patients With Cardiac Masses
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ABSTRACT

Cardiac masses encompass a diverse range of benign and malignant tumors as well as pseudotumors. Accurate histologic
identification is essential for guiding appropriate treatment, yet the diagnostic process remains challenging. Although
biopsy is traditionally the diagnostic gold standard, its invasive nature and associated risks limit its application. A
noninvasive multimodality imaging approach has recently emerged as an alternative, but standardized protocols and
supporting evidence are still lacking. Echocardiography is typically the initial imaging modality, with cardiac magnetic
resonance recognized as the noninvasive diagnostic gold standard. Cardiac computed tomography provides comple=
mentary data to aid in diagnosis and management, while positron emission tomography serves as a third-level imaging
option. This state-of-the-art review highlights the role of current multimodality imaging technigues in diagnosing and
managing cardiac masses and explores future directions for their applications. (JACC CardioOncol. 2024,6:847-862)
© 2024 The Authors. Published by Elsevier on behalf of the American College of Cardiology Foundation. This is an open
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Immune Therapy: checkpoint inhibitors
ICIs

e Revolution in multiple cancer and metastatic setting

— Monoclonal antibodies block checkpoints in Ca cells, activate T cells to
destroy Ca

CTLA-4 inhibitors: ipilimumab, tremelimumab
PD-1: nivolumab, pembroluzumab, cemiplimab

PD-L1: atezolizubam, avelumab, durvaluma

e Immune-realated adverse events
— Myocarditis: often early first 12 weeks, potentially life threatening
- Arrhythmias, VT

— Plaque ruptures, ischemia, MI, Takotsubo, Heart failure, pericarditis
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Immune Therapy: checkpoint inhibitors ICIs

Asymptomatic (increased

troponins)

v'Hold ICI

Evaluate for signs and
symptoms of CHF,
ischemia, arrythmias or
myositis

Check EKG, CK, TNI
serially

Echocardiography?

If normalized within 2
weeks and no cardiac
abnormality, may reuse
ICl

If not+ symptoms —
Contact cardiology

Suspect Myocarditis Unstable patient
(hypotension, arythmias,
(stable patient) lower EF)
» Consult cardiology »CCU
¢ Rule out Ml
e Telemetry e Specific treatment:
e ECHO /MRI e Methylprednisolone 1g
* Biopsy?! IV and taper over 4-6
weeks

Diagnose: Myocarditis
e Adding ATG?

Tacrolimus? MMF?

Start Treatment:

. Infliximab?
¢ Methylprednisolone
2mg/kg/daorlglV
bolﬁﬁ g/days & e Extern PM (if needed)
e If not improved in 24 * Other treatments (
hours or patient inotropi; .
unstable move to CCU antiarrythmics,antikoa
gulantia)

e |f stable, taper over at
least 4 weeks

e Echo control; TNI,
other treatment

e Contact to nearest
Cardiac transplant Unit

Lancet Oncol 2018; 19: e447-58
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Hjarttumorer

e Primara hjarttumorer
— Extremt sallsynta
— Incidence < 0.1 procent

- 90% ar godartade

« Metastaser till hjartat
- 20 ganger vanligare
- Hos 1 av 5 som dor pga cancer
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e Prevalens 0,01%e0-0.1%

e 90% godartade
— Av dessa utgor 80% av myxom i va formak
- 15% i ho formak
- < 5% engagerar bada férmaken

- Myxom>papillart fibroelastom>lipom>rabdomyom
>fibrom>hemangiom

e 10% maligna
— Av dessa 75% sarkom

— Angiosarkom>rabdomyosarkom>mesoteliom>fibrosarkom
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Symptom

Embolier (vanligast hos tumorer i va formak, aortaklaff)
- Neurologiska bortfall

— Ischemi i extremiteter

Flodesobstruktion
— synkope

Klaffpaverkan
— Svikt, 2nd PAH etc

Infiltrativ vaxt i myokard (svikt, arytmier, block, perikardvatska, infarkt)
Infiltrativ vaxt i mediastinum, lunga etc (hosta, svalgpaverkan)

Allmansymtom (anemi, led/muskelvérk, viktnedgang, trétthet etc)
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Va formakstumorer -

e Paverkar blodflédet och mitralklaffen

e Liknande symtom som vid mitralklaffvitier

e Hjartsvikt, 2nd PH (dyspne, orthopnea, paroxysmal nocturnal
dyspne, lungbodem, hosta, hemoptys, trotthet etc

e Kan vara lagesberoende

e Embolisering (neurologiska symtom som primara symtomet ~
12%)

e Myxom vanligast
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HO formak -

e Flodesobstruerande liknande symtom som vid
trikuspidalisstenos

o Klassiska symtom (trotthet, ddem, ascites, halsvenstas,
leverforstoring)

e Lungembolisering

e Vid stigande tryck ev shuntning/embolisering via dppetstaende
foramen ovale
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HO kammare -

e HK-svikt (6dem, ascites, dyspne, synkope, plotslig dod,
halsvensstas, hepatosplenomegali)

e Diff diagnoser: pulmonalisstenos, restriktiv kardiomyopati,
TI

Va kammare
e Intramurala tumorer (arytmier, konduktionsstorningar)

e Intracavitara (VK-svikt, synkope, embolier)
— Diff: tromb
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Diagnostic Accuracy of Multimodality Imaging in Characterizing Cardiac
Masses

Detection
and
localization

Mdentification
of anatomical
variants

Differentiate
tumors from
pseudotumors

Detection of
malignancy

Staging and
guidance of
treatment

Pre-surgical
planning

JACC Cardio Onc 2024 Oct 29,;6(6):847-862



Utredning

Primar/Sekundar
TTE/TEE (var/storlek/hemodynamik)

Rontgen (rtg-pulm, CT, MR, PET-CT)
- Morfologi (stjalkade/bredbasiga/fasta/fluktuerande)
- MR: T1/T2 viktade sekvenser (tumodrens kemiska mikromiljo)

PET-CT: utredning primar/2nd, staging; utvardering av beh effekt

Biopsi
— Cytologi perikardvatska
Coronarangio

— Infor op

- Engagemang coronarkarl, blodforsorjning epikardiella tumorer

2025-09-25
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Behandling

e Operation
— Sternotomi vanligast
- Myxom: semiakut ffa pga risk féor emboliserin

— Ofta kurativ vid myxom, recidiv extremt sallsynta

o Cytostatika ffa mot primartumor

e Stralning
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-

80% av benigna tumorer

Bredbasiga, "geléaktiga”, fran 1cm-15cm i diameter

Embolier hos 35%, allman sjd-kansla 35%,

Behandling: resektion

2-5% recidiv

Lakartidningen 2009
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Papillart fibroelastom -

e Nast vanligast primara hjarttumoren

e 55% man, medeldlder 60 ar

e Stjalkade

e Storlek medel 9 mm (2-70mm)
e 80% engagerar klaffar

e Vanligaste primara symtomet: embolier (tumoérvavnad/tromb)

Behandling: kirurgi alt exspektans beroende pa embolirisk
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Rabdomyom -

e Barn < 1ar

e Ventrikulart engagemang, forsvinner ofta spontant
och resektion ar mycket sallan nédvandigt.

Fibrom

e Nast vanligast hos barn

e Ventrikulart engagemang, blir ofta valdigt stora,
resektion/trpl
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Sarkoma -

e Maligna, 15% av primara hjarttumorer

e Angiosarkom>rabdomyosarkom>fibrosarkom >leiomyosarkom
e Daliga resultat vid resektion

o Gjort forsok till primar transplantation (!)

e Cytostatika, stalning

e Medeldverlevnad fran diagnos < 1ar
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Metastaser i hjirta -

Melanom

Lungcancer
Brostcancer

Sarkom i mjukvavnad
Njurcarcinom
Esofaguscancer
Levercancer

Tyroideacancer
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UCG
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e Pat gar Ad Mortum ngn vecka senare

e Troligtvis metastaser i hjartat
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e 24 arig man Jan 2020

e SOker pga trotthet och allman sjd kansla medicin

e Utredning visar anaplastisk storcelligt T-cellslymfom
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Diagnostic algorithm for cardiac masses

Non-invasive assessment of single or multiple cardiac masses

Echocardiography* CR CMRe PET?
Consider cardiac mass biopsy if malignant primary
tumour suspected or diagnosis uncertain on imaging®
1
. v
Tumour Thrombus, vegetation, structural
Type
— 1 1
Secondary tumour Benign primary Malignant primary
(metastasis)’ tumour tumour
® Leukaemias e Angioma, lipoma, papillary e Lymphoma
¢ Lymphomas fibroelastoma o Sarcoma
¢ Melanomas o Myxoma
¢ Solid tumours: breast, lung,
and oesophageal cancers
@Esc-
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MR-hjarta:

Mjukdelsdkning invid aortaroten som strakcer sig
ner mot formaksseptum, bakvaggen av va
formaket och basala delen av va kammare.
Mjukdels6kningen mater mellan aortaraot och va
formak ca 1cm bred. Mjukdelsékningen i
mellersta/apikala delen anteriort av va kammare
1x1,5cm med infiltrativ vaxt.

PET-CT:
Okat upptag i flertal kértal paraaortalt,
vénster fossa supraklavikularis, halsen, lungor
mm
Okat upptag intramuskulért I illiacus, tonsiller
Ovanligt upptagsmonster i hjartat med
kraftigt forhojt upptag apikalt i vé kammare,
mellan férmak och aortaroten
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e MR-hjarta:

- Mjukdels6kning invid aortaroten som strakcer sig ner mot
formaksseptum, bakvaggen av va formaket och basala delen av va

kammare. Mjukdelsbokningen mater mellan aortaraot och va formak ca
1cm bred.

- Mjukdels6kningen i mellersta/apikala delen anteriort av va kammare
1x1,5cm med infiltrativ vaxt.
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Behandling

AV-block III troligen pga odem/tryck
— Deltison + cellgifter (BV-CHEP)

— AV-block i regress 1 vecka senare

- Uppf6ljning via hematologen
— ALK-positivt anaplastiskt storcelligt T-cellslymfom utbredd sjd stadium IV
som behandlades med BV-CHEP 3 manader
- NU “PET-negative”

—~ Valmaende
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Uppfojlning

e Rutinkontroll 13 manader senare
- Valmaende
— Uppfdljning med PET-CT: neg
— CT-thorax/buk inga kortalar, daremot fynd i va formak

— Vidare utredning med UCG
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Rundad férandring va formak matande
22x21mm

Progress sedan 1v

Fortjockning basalt va kammare inferolateralt
mindre pataglig jamfort med tidigare
undersdkningar.
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Vad gora?

e Biopsi
- Va formak mot férandring x 2

- Va kammare inf/lat mot tidigare fortjockning

- Normal myokard, inga tecken pa tumor, inga tecken pa
inflammation

= Indikation Ooppen thorax biopsi?

= VVad gora?
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e NOAC

Total regress pa 2 manader
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2004 soker akut pga centrala brostsmartor, hypotension

CT-aorta visar Typ A dissektion med stor Al
Akut operation med mekanisk klaff och kompositgraft

Waran.

Valmaende sedan dess, ffa kontakt med VC-ldkare

Remiss UCG pga lange sedan forra undersokning, “kan vara bra
att goéra”, symtomfri, vdlmaende
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15/06/2016 10:44:14
FPS: 61
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Diagnos -

Tromb ej sannolikt, waran, terapeutiskt INR

- Lokalisation

- Myxom -bredbasig, geléliknande

- Subakut operation
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Fall 4

e Man 64ar, tidigare vas frisk
e Ht 2013 tilltagande trotthet, soker VC

e Tolkas som utmattningssyndrom, sjukskriven (aldrig tidigare varit

sjukskriven langre perioder.
e Progredierande trotthetsymtom, frekventa feberepisoder sommaren 2014

e Njurstensliknande smartor Ht 2015, CT visar perirenal svullnad i fettet,

fortjockad njurbackenvagg. Tolkas som tubulointerstitiell nefrit.

e sommaren 2015 smarta i fotled — artrit, smarta kna - artros
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e hosten 2015 nedsatt allmantillstand, dyspne, CRP 80, SR 45,
® CT-pleuravatska & perikardvatska

® Persisterande feber, utreds via reumatologen, ingen typisk

systeminflammatorisk sjd, neg RA, SLE etc

® Pga perikardvatska goérs UCG
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Utredning

UCG/MR infiltrativt vaxande tumor: sarkom? angiosarkom?
Hjartbiopsi jan 2016 normala "myocyter, lindrig fibros”
Oppen hjartbiopsi mars 2016: ”inflammatoriska celler 1gG4 syndrom

PET-CT inflammatoriskt upptag ho maxillaris, pleura, hjarta, aorta

retroperitonealt

lgG4: lymfocytar infiltration med anrikning av 1gG4-positiva plasmaceller och

specifik fibros




CENTRAL ILLUSTRATION: Red Flags for Malignancy in Cardiac Masses
Identified Through Multimodality Imaging

Multimodality Imaging in Cardiac Masses

Highly suspicious of a malignant mass

Echo Rsehg:.;)l:r Pedunculated  Left side Right side Sessile ngf;g:‘al
[ | " 2
- A
<2z’
Homogeneous Regular : Cardiac mass Heterogeneous
CMR enhancement margins Infiltration LGE + enhancement
—_ fm )
N
cT Calcification  Hypodense Irregular Isodense Infiltration
F g\ :
=
e 7
Radiotracer uptake -/+ Radiotracer uptake ++/+++

Assess the risk of cardiac mass embolism and hemodynamic impact, and patient clinical status

Treatment Strategy: Which and When?

Consider Surgery Follow-up Neoadjuvant Surgery Adjuvant
anticoagulation®* mass excision chemotherapy chemotherapy
005 — y Qf : s el u
= e L;‘ ,.,‘,1‘;“ /m.

Angeli F, et al. JACC CardioOncol. 2024;6(6):847-862.
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