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Cardiac metastasis causes paradoxical malignant embolism
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Abstract

Background: Embolic events play an important role in clinical everyday practice.

Malignant arterial embolism is a rare nevertheless often fatal entity for cardiac, cere-

bral or systemic ischemia, requiring immediate diagnosis and treatment.

Case: This is a case report of a 65 years-old female, suffering from pulmonal adeno-

carcinoma, who was hospitalized due to neurological deficits caused by an acute

ischemic stroke, followed by anterior myocardial infarction within 3 days. Diagnostic

work-up revealed metastasis of the pulmonal adenocarcinoma in the right atrium and

a patent foramen ovale. Histopathological examination of the coronary embolus veri-

fied paradoxical arterial embolism of the pulmonal adenocarcinoma into a coronary

vessel and consequently cerebral arteries.

Conclusion: The present case underlines the need for (i), consideration of malignant

embolism, (ii) histopathological examination of the embolus to determine its etiology,

and (iii) interdisciplinary discussion of individual therapeutic and prevention strategies

in cancer patients with cerebral, cardiac or systemic embolic events.
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1 | INTRODUCTION

Embolic events play an important role in clinical everyday practice.

Besides thromboembolic causes of systemic ischemic diseases, rare

entities like malignant arterial embolism may be underestimated.

These diagnostic errors often result in improper treatment with oral

anticoagulants, ignoring the malignant nature of the embolus,

demanding surgical or interventional embolectomy,1 which is demon-

strated by the following case report.

2 | CASE

A 65 years-old female was admitted to neurological emergency unit

with acute onset of aphasia and brachiofacial hemiparesis of the right

side (National Institutes of Health Stroke Scale-score of 3). Cerebral

magnetic resonance imaging (MRI) displayed an acute Middle

cerebral artery (MCA) infarction (left side), (Figure 1(A)). Pulsed

Doppler-sonography of the carotid- and vertebral arteries and trans-

cranial Doppler excluded etiological pathologies. The patient has been

suffering from an osseous metastasized pulmonal adenocarcinoma

(Pancoast tumor; cT4, cN2, cM0, UICC stage IIIB) since 2015 and was

treated first line with Cisplatin/Pemetrexed. Due to progress in dis-

ease, treatment was switched to Docetaxel and Nintedanib in 2016.

Based on a severe hepatopathy, Nintedanib was exchanged for

Nivolumab in 2017. Three months before admission, bone metastasis

of the rib was treated by radiotherapy. The MRI at admission revealed

incidentally three small cerebral lesions compatible to clinical inappar-

ent metastases. Concomitant diseases were renal failure (stage 3A),

degeneration of the lumbar spine, hypercholesterinemia, resection of
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F IGURE 1 Clinical documentation of patient history. (A) Diffusion-weighted magnetic resonance imaging (MRI) scan of cerebral ischemia with
embolic pattern (L = left, R = right). (B) Electrocardiogram (ECG) on first day of hospital admission. (C) ECG of acute anterior wall infarction with
ST-segment elevation (V1–V4), 3 days after hospitalization. (D) Percutaneous coronary intervention with occlusion of LAD (red arrow) and
catheter wire after transcending LAD embolus (white arrow). (E) Successful recanalization of the LAD (red arrow). (F) Malignant embolus of LAD

F IGURE 2 Clinical
documentation of findings.
(A) Transesophageal
echocardiography (TEE) displaying
metastasis of the right atrium (red
arrow). (B) TEE documented PFO
(red arrow). (C) Intraoperative
photography of the metastasis in
the right atrium (white arrow).
(D) Photography of resected
metastasis
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a cystadenoma of the right ovary in 2016, paroxysmal atrial fibrillation

and tumor-associated thrombosis of the left lower limb in 2016 with

subsequent oral anticoagulation with Apixaban. A conservative

approach with persistent Apixaban therapy and early rehabilitation

was initiated. Three days later, the patient complained about acute

chest pain. Electrocardiogram (ECG) showed an extensive anterior

myocardial infarction (Figure 1(B),(C)), leading to coronary angiogra-

phy. An embolic obliteration of the left anterior descending artery

(LAD) was successfully treated by primary percutaneous coronary

intervention with manual thrombus aspiration (Figure 1(D),(E)),

followed by antithrombotic therapy with Acetylsalicylic acid (100 mg/

day) and Enoxaparin sodium (0.4 mg/day).

Histological examination of the LAD-embolus revealed coagulated

poorly differentiated adenocarcinoma. Immunohistochemical analysis

yielded a TTF-1 negative, CK7 positive and PD-L1 positive (TP-Score

of 90%) tumor cell staining result, corresponding to the primary TTF-1

negative pulmonary adenocarcinoma with typical lepidic growth pattern

(Figure 3). During chemotherapeutical treatment and checkpoint inhibi-

tion with Nivolumab, a dedifferentiation and upregulation of PD-L1

presumably took place. A complementary transesophageal echocardi-

ography discovered a large patent foramen ovale (PFO) and a tumor

mass floating in the right atrium with two tumor plugs inserting in the

fossa ovalis (Figure 2(A),(B)) as a prove for cerebral and coronary tumor

embolization via the PFO.

Fifteen days after hospitalization the patient underwent complete

surgical resection of the right atrial tumor mass and PFO closure

(Figure 2(C),(D)). Histological examination of the fragile tumor mass ver-

ified it as a metastasis of the pulmonal adenocarcinoma (Figure 3). After

F IGURE 3 Histomorphological and immunohistochemical examination. Left column: Primary pulmonal adenocarcinoma (2015) with lepidic
growth pattern (TTF-1 negative, CK7 positive, PD-L1 positive (TP-Score of 15%)). Middle column: Metastasis of the right atrium (2020). Right
column: Malignant embolus of the LAD (2020). The last two displaying coagulated poorly differentiated adenocarcinoma (TTF-1 negative, CK7
positive, PD-L1 positive (TP-Score of 90%)). Magnification: 20�
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an initially inconspicuous postoperative course, the patient was noticed

with an insufficient increase in consciousness and hemiparesis of the

left side during monitoring at the intensive care unit. Computer tomog-

raphy displayed early infarction sings in the right MCA area through

combined occlusion of the right internal carotid artery and MCA and

several small cortical lesions with beginning cerebral ischemia and brain

edema of the right hemisphere in the manner of pre-/intraoperative

malignant embolism. Due to the lack of promising therapeutic options,

the patient received best supportive care until she died 36 h later.

3 | DISCUSSION

Cerebral and cardiac embolism play an important role in clinical every-

day practice and require detailed analysis with respect to their causes.

Every tenth patient with ischemic stroke has comorbid cancer due to

advances in cancer therapeutics prolonging median survival.2 There-

fore, besides primary non-malignant causes like cardiac embolism, vas-

culitis, coagulation disorders or metabolic-toxic, rare entities like

malignant arterial embolism may be underestimated.

Thromboembolism in general is a common paraneoplastic compli-

cation due to a variety of procoagulant properties of the tumor cells;

they affect platelet function, which additionally promotes the hyper-

coagulable state of malignancy.3–6 Further, cancer is associated with

alterations of the coagulation and fibrinolytic system7–9 and endothe-

lial dysfunction and injury promote the progression of atherosclero-

sis.10,11 Further preconditions for malignant arterial embolization are

vascular tumor invasion, followed by ejection into systemic

circulation.1

Common sites of both, malignant and thrombotic emboli, are

cerebral arteries, arteries of the lower limb, iliac arteries, and less fre-

quent visceral arteries as well as coronaries or even aortic emboli.12

Their etiology must be elucidated as their therapeutic and preventive

strategies differ from each other. Thrombotic emboli are treated with

and prevented by anticoagulants according to size and location,

whereas thromboembolic vessel occlusions are primarily treated with

systemic or local thrombolytic therapy.13,14 Surgical or interventional

embolectomy is the method of choice for malignant arterial embolism

but only performed in fulminant thromboembolism.1 The ineffective-

ness of anticoagulant therapy in the prevention of malignant arterial

embolism underlines the importance of histological examination of

thromboembolic material in cancer patients. Additionally, some benign

(myxoma or papillary fibroelastoma) and in rare cases malignant car-

diac tumors (undifferentiated pleomorphic sarcoma, leiomyosarcoma,

angiosarcoma or rhabdomyoma) are regularly diagnosed by histologi-

cal examination of embolic vessel obliterations and are underlying

causes of strokes.15

A PFO is found in up to 27% of the general population and estab-

lishes a direct communication between the right and left atrium gen-

erating a route for paradoxical embolism.16 Three recent randomized

controlled clinical trials (RESPECT, CLOSE and REDUCE) proved that

among adults with cryptogenic ischemic stroke, a closure of a PFO,

partly in combination with antiplatelet therapy, lowered the rate of

recurrent ischemic strokes compared to antiplatelet therapy alone.17–

19 Rigatelli et al. hypothesized that circulating tumor cells reach the

brain circulation via two concurrent pathways: First, circulating tumor

cells pass the pulmonary filter and reach systemic circulation via pul-

monary capillaries; second, they enter systemic circulation via a right

to left shunt.20 However, in a small prospective pilot study by Levin-

Epstein et al. including nine cancer patients (thyroid-, breast- and

upper intestinal carcinoma), was demonstrated a similar prevalence of

PFO in patients who developed brain metastases without preceding

pulmonal metastasis compared to estimates for the general popula-

tion.21 Further larger studies are needed to reveal if a PFO increases

both, the risk of thromboembolic and malignant arterial paradoxical

embolism in cancer patients and may therefore be taken into consid-

eration to be closed preventive.

In summary, the present case underlines the need for

(i) interdisciplinary discussion, (ii) consideration of malignant embolism,

(iii) histopathological examination of the embolus to determine its eti-

ology, and (iv) individual therapeutic and prevention strategy, based

on all available information in cancer patients with cerebral or sys-

temic embolic events.

ACKNOWLEDGMENTS

We thank the patient's husband for allowing us to report the interest-

ing and instructive case that may help to prolong other tumor

patients' lives. Further we thank Dr. Weidhase of the Institute for

Pathology and Cytology of Troisdorf, Germany and Prof. Dr. med.

Junker Institute of Pathology, Hospital Bremen Mitte for providing

the histological specimens of the cardiac metastasis and primary

pulmonal lung adenocarcinoma, respectively.

CONFLICT OF INTEREST

R.B. has received Honoria for Lectures and advisory boards from

AbbVie, Amgen, AstraZeneca, Bayer, BMS, Boehringer-Ingelheim,

Illumina, Lilly, Merck-Serono, MSD, Novartis, Qiagen, Pfizer, Roche,

Targos Mol Path. R.B. is a co-founder and CSO for Targos Mol Path,

Kassel (Germany). All other authors have nothing to disclose.

AUTHOR CONTRIBUTIONS

All authors had full access to the data in the study and take responsi-

bility for the integrity of the data and the accuracy of the data analy-

sis. Conceptualization, B.J.W., H.-P.H., A.J.H., R.B.; Methodology,

B.J.W., H.-P.H., A.J.H., M.G.; Investigation, B.J.W., H.-P.H., R.B.; Formal

Analysis, B.J.W.; Resources, B.J.W.; Writing—Original Draft, B.J.W.,

H.-P.H., R.B.; Writing—Review & Editing, B.J.W., H.-P.H., A.J.H., L.K.H.,

M.G., N.M., R.B.; Visualization, B.J.W., A.J.H., L.K.H., N.M.; Supervision,

B.J.W., H.-P.H., L.K.H.; Data Curation, B.J.W., H.-P.H., L.K.H., M.G.,

N.M., R.B.; Project Administration, B.J.W., R.B.; Validation, H.-P.H.,

L.K.H., M.G., N.M., R.B.

ETHICAL STATEMENT

Informed consent was obtained from the spouse, as the legal repre-

sentative of the patient of this case report, to publish the patient data,

including potentially identifying individual information in this study.

4 of 5 WAGNER ET AL.



DATA AVAILABILITY STATEMENT

The datasets used during the current study are available from the

corresponding author on reasonable request.

ORCID

Britta Janina Wagner https://orcid.org/0000-0001-8210-9840

REFERENCES

1. Chandler C. Malignant arterial tumor embolization. J Surg Oncol.

1993;52(3):197-202.

2. Navi BB, Iadecola C. Ischemic stroke in cancer patients: a review of

an underappreciated pathology. Ann Neurol. 2018;83(5):873-883.

3. Franco AT, Corken A, Ware J. Platelets at the interface of thrombosis,

inflammation, and cancer. Blood. 2015;126(5):582-588.

4. Mezouar S, Frere C, Darbousset R, et al. Role of platelets in cancer

and cancer-associated thrombosis: experimental and clinical evi-

dences. Thromb Res. 2016;139:65-76.

5. Connolly GC, Phipps RP, Francis CW. Platelets and cancer-associated

thrombosis. Semin Oncol. 2014;41(3):302-310.

6. van Es N, Sturk A, Middeldorp S, Nieuwland R. Effects of cancer on

platelets. Semin Oncol. 2014;41(3):311-318.

7. Fuentes HE, Tafur AJ, Caprini JA. Cancer-associated thrombosis. Dis

Mon. 2016;62(5):121-158.

8. Hisada Y, Mackman N. Cancer-associated pathways and biomarkers

of venous thrombosis. Blood. 2017;130(13):1499-1506.

9. De Cicco M. The prothrombotic state in cancer: pathogenic mecha-

nisms. Crit Rev Oncol Hematol. 2004;50(3):187-196.

10. Soultati A, Mountzios G, Avgerinou C, et al. Endothelial vascular tox-

icity from chemotherapeutic agents: preclinical evidence and clinical

implications. Cancer Treat Rev. 2012;38(5):473-483.

11. Zhang D, Zhang X, Zhao C. Risk of venous and arterial thromboem-

bolic events associated with anti-VEGF agents in advanced non-

small-cell lung cancer: a meta-analysis and systematic review. Onco

Targets Ther. 2016;9:3695-3704.

12. Ohshima K, Tsujii Y, Sakai K, Oku H, Morii E. Massive tumor embo-

lism in the abdominal aorta from pulmonary squamous cell carcinoma:

case report and review of the literature. Pathol Int. 2017;67(9):

467-471.

13. Hepburn-Brown M, Darvall J, Hammerschlag G. Acute pulmonary

embolism: a concise review of diagnosis and management. Intern Med

J. 2019;49(1):15-27.

14. Diener HC, Foerch C, Riess H, Rother J, Schroth G, Weber R. Treat-

ment of acute ischaemic stroke with thrombolysis or thrombectomy

in patients receiving anti-thrombotic treatment. Lancet Neurol. 2013;

12(7):677-688.

15. Rosario M, Fonseca AC, Sotero FD, Ferro JM. Neurological complica-

tions of cardiac tumors. Curr Neurol Neurosci Rep. 2019;19(4):15.

16. Miranda B, Fonseca AC, Ferro JM. Patent foramen ovale and stroke.

J Neurol. 2018;265(8):1943-1949.

17. Saver JL, Carroll JD, Thaler DE, et al. Long-term outcomes of patent

foramen ovale closure or medical therapy after stroke. N Engl J Med.

2017;377(11):1022-1032.

18. Mas JL, Derumeaux G, Guillon B, et al. Patent foramen ovale closure

or anticoagulation vs. antiplatelets after stroke. N Engl J Med. 2017;

377(11):1011-1021.

19. Patent foramen ovale closure or antiplatelet therapy for cryptogenic

stroke. N Engl J Med. 2020;382(10):978.

20. Rigatelli G, Rossi A, Dell'avvocata F, Cardaioli P. Patent foramen ovale

as a preferential mechanism for increasing the likelihood of brain

tumor metastasis. Am J Cardiovasc Dis. 2012;2(1):29-33.

21. Levin-Epstein R, Kumar P, Rusheen J, et al. Investigation of patent

foramen ovale as a mechanism for brain metastasis in patients

without prior lung involvement. Clin Transl Oncol. 2021;23(4):

783-787.

How to cite this article: Wagner BJ, Hobbach H-P,

Hobbach AJ, et al. Cardiac metastasis causes paradoxical

malignant embolism. Cancer Reports. 2022;5(5):e1513. https://

doi.org/10.1002/cnr2.1513

WAGNER ET AL. 5 of 5

https://orcid.org/0000-0001-8210-9840
https://orcid.org/0000-0001-8210-9840
https://doi.org/10.1002/cnr2.1513
https://doi.org/10.1002/cnr2.1513

	Cardiac metastasis causes paradoxical malignant embolism
	1  INTRODUCTION
	2  CASE
	3  DISCUSSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST
	AUTHOR CONTRIBUTIONS
	ETHICAL STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


