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Preface

Advances in cancer treatment have resulted in significant improvements in cancer survival,
curing or transforming once-fatal cancers into chronic diseases. However, cancer and its
treatments are known for their propensity to cause both early and late cardiac complications.
The mechanisms behind those complications have become increasingly more complex with
the introduction of novel treatments such as immunotherapy and signaling inhibitors. In
addition to the on-treatment toxicities of these therapies, with the increase in cancer survival,
patients now live long enough to experience late-onset treatment-related adverse cardiovas-
cular effects and become even more vulnerable to the cardiovascular insults associated with
aging and traditional cardiovascular risk factors. Consequently, cardiovascular diseases have
emerged as major contributors to the cancer patient’s morbidity and mortality, threatening to
limit the tremendous gains achieved in cancer survival. Thus, the burgeoning field of
cardio-oncology, a joint discipline between oncology and cardiology aimed at optimizing
cardiovascular health in cancer patients during and after cancer therapy. Cardiovascular
imaging plays a central role in the practice of cardio-oncology. Various imaging modalities
and emerging techniques are utilized for the early detection of cardiac injury and to guide
treatment strategies.

The goal of this Atlas of Imaging in Cardio-Oncology is to use a case-based approach to
illustrate the effective application of imaging techniques during and after cancer treatment in
the management of patients with cancer. The authors of these chapters are a carefully curated
selection of the world’s preeminent cardio-oncology clinicians and academicians. They pre-
sent their experiences with a truly broad range of clinical challenges in cardio-oncology,
beautifully illustrated with key diagnostic imaging. A careful reading of this Atlas will take the
reader through the equivalent of years of hands-on experience in a busy and diverse
cardio-oncology practice. The authors and editors of each chapter have chosen actual cases
that were seen in their practice, ranging from community-based settings to large tertiary cancer
centers in the US and around the world. We found it inspiring that authors were able to convey
their emotional investment in the management of these patients as they recount the clinical
course. This was not surprising to us as we know the authors well, having visited with one
another in the outpatient clinics and on the wards of our respective institutions, participated
jointly in cardio-oncology lectures and symposia, and collaborated on clinical research and
other academic projects. We never hesitate to pick up the phone to tap into their particular
expertise and to gather their opinions. We hope that reading the work in this Atlas will inspire
you to do so as well. The chapters include a discussion on the imaging strategies to address
specific clinical problems encountered in clinical practice along with abundant figures and
video illustrations incorporated into each case to convey knowledge and enhance the readers’
clinical decision making. The Atlas provides a link to the web to see the text, pictures, and
videos. A list of key points is provided for each case with emphasis on interpretation of the
imaging findings and their impact on clinical management.

We extend our deepest gratitude to our contributors and to our editors. Our thanks go out to
the courageously strong patients described in these pages during their battle with cancer and
heart disease. They have left us with an indelible impression. We hope that they engage you as

v



you explore this Atlas of the practice of cardio-oncology. Please do contact the corresponding
authors of the individual chapters, or Jennifer E. Liu and Richard M. Steingart, the Atlas’
editors, for suggestions, comments, and questions.

New York, USA Richard M. Steingart
Jennifer E. Liu

vi Preface



Contents

1 Multimodality Imaging in Cardio-Oncology . . . . . . . . . . . . . . . . . . . . . . . . . . 1
Shiying Liu, Montserrat Carrillo-Estrada, Mark Iwanochko,
and Paaladinesh Thavendiranathan

2 Anthracycline/Trastuzumab Cardiac Toxicity . . . . . . . . . . . . . . . . . . . . . . . . 17
Christopher Yu, Faraz Pathan, and Kazuaki Negishi

3 Immune Checkpoint Inhibitor (ICI)-Associated Myocarditis . . . . . . . . . . . . . 27
Nicolas L. Palaskas, Eric H. Yang, and Tomas G. Neilan

4 Cardiovascular Events After Chimeric Antigen Receptor T-Cell
Therapy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
Lauren Balkan and Syed S. Mahmood

5 Introduction to Tyrosine Kinase Inhibitors: Pazopanib Cardiotoxicity . . . . . . 43
David P. Dundua, Ana G. Kedrova, Ekaterina V. Plokhova, Elena A. Zvezdkina,
and Olga A. Drobiazko

6 Tyrosine Kinase Inhibitors: Arrhythmias and Coagulopathy . . . . . . . . . . . . . 49
Osnat Itzhaki Ben Zadok and Zaza Iakobishvili

7 Vascular Toxicity of Tyrosine Kinase Inhibitors: Peripheral Vascular
and Coronary Artery Disease . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51
Joerg Herrmann

8 Vascular Toxicity of Tyrosine Kinase Inhibitors: Coronary Artery
Disease . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55
Wendy Schaffer

9 Vascular Toxicity of Tyrosine Kinase Inhibitors: Pulmonary
Hypertension . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57
Anthony F. Yu

10 Cardiovascular Toxicities of Proteasome Inhibitors . . . . . . . . . . . . . . . . . . . . 59
Felix Nguyen, Jose Alvarez-Cardona, and Daniel J. Lenihan

11 Cardiac Complications of 5-Fluorouracil (5FU) and Capecitabine
Therapy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69
Wendy Schaffer

12 Cisplatin and Carboplatin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79
Lili Zhang and Michelle N. Johnson

13 Cardiac Risk Assessment Prior to Hematopoietic Stem Cell
Transplantation: Cases and Management Strategies . . . . . . . . . . . . . . . . . . . 87
Wendy Schaffer

vii



14 The Role of Myocardial Perfusion Imaging in Cardiac Clearance
of Cancer Patients . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97
Josef J. Fox and Howard Weinstein

15 Perioperative Management of the Cancer Patient . . . . . . . . . . . . . . . . . . . . . 113
Howard Weinstein

16 Masses Involving the Heart and Vasculature . . . . . . . . . . . . . . . . . . . . . . . . . 127
Anna Plitt, Jonathan W. Weinsaft, and Angel T. Chan

17 Carcinoid Heart Disease . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 139
Darwin F. Yeung, Sushil Allen Luis, and Heidi M. Connolly

18 Cardiac Amyloidosis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 153
Katherine Lee Chuy, Saurabh Malhotra, and Jennifer E. Liu

19 Stress-Induced Cardiomyopathy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 173
Richard M. Steingart

20 Arterial Thrombosis and Marantic Endocarditis . . . . . . . . . . . . . . . . . . . . . . 185
Carol L. Chen

21 Pericardial Effusion, Tamponade, and Constrictive Pericarditis . . . . . . . . . . . 193
Bénédicte Lefebvre, Yu Kang, and Marielle Scherrer-Crosbie

22 Introduction to the Cardiac Implications of Radiotherapy . . . . . . . . . . . . . . . 213
Lior Z. Braunstein and Oren Cahlon

23 Cardio-Oncologists Perspective on the Cardiac Implications
of Radiotherapy: Complex Cases of Radiation-Related Valvular
and Vascular Disease . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 219
Maria Poltavskaya

24 Radiation-Related Coronary and Conduction System Disease . . . . . . . . . . . . 229
Richard M. Steingart

25 Radiation Injury to the Heart, Great Vessels, and Their Branches . . . . . . . . 237
Vera I. Potievskaya, Albert A. Akhobekov, Olga E. Popovkina,
Elena V. Kononova, Dmitriy O. Nadinskiy, and Valeriy V. Kucherov

26 Cardiac Constriction and Restriction After Chest Radiotherapy
for Hodgkin’s Lymphoma and Breast Cancer . . . . . . . . . . . . . . . . . . . . . . . . 247
Marina V. Vitsenya, Alexandra V. Potekhina, and Jennifer E. Liu

27 Onset of Heart Failure After Anthracycline Therapy in the Adult:
Treatment and Expectations for Recovery . . . . . . . . . . . . . . . . . . . . . . . . . . . 253
Marina V. Vitsenya, Alexandra V. Potekhina, and Olga V. Stukalova

28 Heart Failure in Long-Term Survivors of Childhood or Adolescent
Cancers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 259
Massimiliano Camilli and Giorgio Minotti

29 Health Care Disparities in Cardio-Oncology . . . . . . . . . . . . . . . . . . . . . . . . . 267
Michelle N. Johnson

30 Cardio-Oncology Practice in the Community . . . . . . . . . . . . . . . . . . . . . . . . . 275
Diego Sadler, L. Steven Zukerman, Lance Berger, Mahim Kapoor,
Jacobo Kirsch, Kevin Leung, and Luis Hernandez

viii Contents



31 Cardio-Oncology in the COVID-19 Era . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 291
Stephanie Feldman, Kristine Jang, Dylana Smith,
and Robert S. Copeland-Halperin

32 Acute Cardiac Care of Cancer Patients . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 307
Osnat Itzhaki Ben Zadok and Zaza Iakobishvili

Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 315

Contents ix



Contributors

Albert A. Akhobekov Clinical Hospital Lapino, Moscow Region, Russia

Jose Alvarez-Cardona Cardio-Oncology Center of Excellence, Washington University in St
Louis, St. Louis, MO, USA

Lauren Balkan Department of Internal Medicine, New York Presbyterian Hospital, Weill
Cornell Medical Center, New York, NY, USA

Lance Berger Monmouth Cardiology Associates, Eatontown, NJ, USA

Lior Z. Braunstein Department of Radiation Oncology, Memorial Sloan Kettering Cancer
Center, New York, NY, USA

Oren Cahlon Department of Radiation Oncology, Memorial Sloan Kettering Cancer Center,
New York, NY, USA

Massimiliano Camilli Department of Cardiovascular and Pulmonary Sciences, Catholic
University of the Sacred Heart, Rome, Italy

Montserrat Carrillo-Estrada Division of Cardiology, Peter Munk Cardiac Centre, Ted
Rogers Program in Cardiotoxicity Prevention, University Health Network, University of
Toronto, Toronto, ON, Canada

Angel T. Chan Department of Medicine, Memorial Sloan Kettering Cancer Center, New
York, NY, USA

Carol L. Chen Department of Medicine, Memorial Sloan Kettering Cancer Center, New
York, NY, USA

Heidi M. Connolly Department of Cardiovascular Medicine, Mayo Clinic, Rochester,
Minnesota, United States

Robert S. Copeland-Halperin Department of Cardiology, Northwell Health (Zucker School
of Medicine at Hofstra /Northwell), New Hyde Park, NY, USA

Olga A. Drobiazko Department of Radiology, Federal Scientific and Research Center,
FMBA Russia, Moscow, Russia

David P. Dundua Cardiology Center, Federal Scientific and Research Center, FMBA Russia,
Moscow, Russia

Stephanie Feldman Department of Medicine, Memorial Sloan Kettering Cancer Center,
New York, NY, USA

Josef J. Fox Radiology Department, Memorial Sloan Kettering Cancer Center, New York,
NY, USA

Luis Hernandez Robert and Suzanne Tomsich Department of Cardiovascular Medicine,
Heart and Vascular Institute, Cleveland Clinic Florida, Weston, FL, USA

xi



Joerg Herrmann Department of Cardiovascular Diseases, Mayo Clinic, Rochester, MN,
USA

Zaza Iakobishvili Department of Community Cardiology, Tel Aviv Jaffa District, Clalit
Health Services, Holon, Israel

Osnat Itzhaki Ben Zadok Cardiology Department, Rabin Medical Center, Petah Tikva,
Israel

Mark Iwanochko Division of Cardiology Peter Munk Cardiac Centre, Toronto General
Hospital, University Health Network, University of Toronto, Toronto, ON, Canada

Kristine Jang Department of Medicine, Memorial Sloan Kettering Cancer Center, New
York, NY, USA

Michelle N. Johnson Department of Medicine, Memorial Sloan Kettering Cancer Center,
New York, NY, USA

Yu Kang Hospital of the University of Pennsylvania, Philadelphia, PA, USA

Mahim Kapoor Monmouth Cardiology Associates, Eatontown, NJ, USA

Ana G. Kedrova Department of Oncology, Federal Scientific and Research Center, FMBA
Russia, Moscow, Russia

Jacobo Kirsch Robert and Suzanne Tomsich Department of Cardiovascular Medicine, Heart
and Vascular Institute, Cleveland Clinic Florida, Weston, FL, USA

Elena V. Kononova P. Hertsen Moscow Oncology Research Institute - branch of the
National Medical Research Radiological Centre of the Ministry of Health of Russian Feder-
ation, Moscow, Russia

Valeriy V. Kucherov A. Tsyb Medical Radiological Research Centre - branch of the
National Medical Research Radiological Centre of the Ministry of Health of Russian Feder-
ation, Obninsk, Russia

Katherine Lee Chuy Cook County Health, John H. Stroger Jr. Hospital of Cook County,
Chicago, IL, USA

Bénédicte Lefebvre Hospital of the University of Pennsylvania, Philadelphia, PA, USA

Daniel J. Lenihan Cardio-Oncology Center of Excellence, Washington University in St
Louis, St. Louis, MO, USA

Kevin Leung Robert and Suzanne Tomsich Department of Cardiovascular Medicine, Heart
and Vascular Institute, Cleveland Clinic Florida, Weston, FL, USA

Jennifer E. Liu Department of Medicine, Memorial Sloan Kettering Cancer Center, New
York, NY, USA

Shiying Liu Division of Cardiology, Peter Munk Cardiac Centre, Ted Rogers Program in
Cardiotoxicity Prevention, University Health Network, University of Toronto, Toronto, ON,
Canada

Sushil Allen Luis Department of Cardiovascular Medicine, Mayo Clinic, Rochester, Min-
nesota, United States

Syed S. Mahmood Cardiology Division, New York Presbyterian Hospital, Weill Cornell
Medical Center, New York, NY, USA

Saurabh Malhotra Cook County Health, John H. Stroger Jr. Hospital of Cook County,
Chicago, IL, USA

xii Contributors



Giorgio Minotti Department of Medicine and Unit of Drug Sciences, Campus Bio-Medico
University, Rome, Italy

Dmitriy O. Nadinskiy A. Tsyb Medical Radiological Research Centre - branch of the
National Medical Research Radiological Centre of the Ministry of Health of Russian Feder-
ation, Obninsk, Russia

Kazuaki Negishi Faculty of Medicine and Health Department of Cardiology, Sydney
Medical School Nepean, Charles Perkins Centre Nepean, The University of Sydney, Kings-
wood, NSW, Australia

Tomas G. Neilan Cardio-Oncology Program, Division of Cardiology, Department of Med-
icine, Massachusetts General Hospital, Boston, MA, USA

Felix Nguyen Cardio-Oncology Center of Excellence, Washington University in St Louis, St.
Louis, MO, USA

Nicolas L. Palaskas Department of Cardiology, Division of Internal Medicine, University of
Texas MD Anderson Cancer Center, Houston, TX, USA

Faraz Pathan Faculty of Medicine and Health Department of Cardiology, Sydney Medical
School Nepean, Charles Perkins Centre Nepean, The University of Sydney, Kingswood,
NSW, Australia

Anna Plitt Department of Medicine, Memorial Sloan Kettering Cancer Center, New York,
NY, USA

Ekaterina V. Plokhova Cardiology Center, Federal Scientific and Research Center, FMBA
Russia, Moscow, Russia

Maria Poltavskaya Department of Cardiology, Functional and Ultrasound Diagnostics, I.M.
Sechenov First Moscow State Medical University (Sechenov University), Moscow, Russia

Olga E. Popovkina A. Tsyb Medical Radiological Research Centre - branch of the National
Medical Research Radiological Centre of the Ministry of Health of Russian Federation,
Obninsk, Russia

Alexandra V. Potekhina National Medical Research Center of Cardiology, Russian Ministry
of Health, Moscow, Russia

Vera I. Potievskaya P. Hertsen Moscow Oncology Research Institute - branch of the
National Medical Research Radiological Centre of the Ministry of Health of Russian Feder-
ation, Moscow, Russia

Diego Sadler Robert and Suzanne Tomsich Department of Cardiovascular Medicine, Heart
and Vascular Institute, Cleveland Clinic Florida, Weston, FL, USA

Wendy Schaffer Department of Medicine, Memorial Sloan Kettering Cancer Center, New
York, NY, USA

Marielle Scherrer-Crosbie Director of the Echocardiography Laboratory, Hospital of the
University of Pennsylvania, Philadelphia, PA, USA

Dylana Smith Department of Medicine, Memorial Sloan Kettering Cancer Center, New
York, NY, USA

Richard M. Steingart Department of Medicine, Memorial Sloan Kettering Cancer Center,
New York, NY, USA

Olga V. Stukalova National Medical Research Center of Cardiology, Russian Ministry of
Health, Moscow, Russia

Contributors xiii



Paaladinesh Thavendiranathan Division of Cardiology Peter Munk Cardiac Centre, Tor-
onto General Hospital, University Health Network, University of Toronto, Toronto, ON,
Canada

Marina V. Vitsenya National Medical Research Center of Cardiology, Russian Ministry of
Health, Moscow, Russia

Jonathan W. Weinsaft Department of Medicine, Weill Cornell Medicine, New York, NY,
USA

Howard Weinstein Department of Medicine, Memorial Sloan Kettering Cancer Center, New
York, NY, USA

Eric H. Yang Division of Cardiology, Department of Medicine, UCLA Cardio-Oncology
Program, University of California at Los Angeles, Los Angeles, CA, USA

Darwin F. Yeung Department of Medicine, Division of Cardiology, University of British
Columbia, Vancouver, British Columbia, Canada

Anthony F. Yu Department of Medicine, Memorial Sloan Kettering Cancer Center, New
York, NY, USA

Christopher Yu Faculty of Medicine and Health Department of Cardiology, Sydney Medical
School Nepean, Charles Perkins Centre Nepean, The University of Sydney, Kingswood,
NSW, Australia

Osnat Itzhaki Ben Zadok Cardiology Department, Rabin Medical Center, Petah Tikva,
Israel

Lili Zhang Cardio-Oncology Program, Division of Cardiology, Department of Medicine,
Montefiore Medical Center, Albert Einstein College of Medicine, Bronx, NY, USA

L. Steven Zukerman Monmouth Cardiology Associates, Eatontown, NJ, USA

Elena A. Zvezdkina Department of Radiology, Federal Scientific and Research Center,
FMBA Russia, Moscow, Russia

xiv Contributors



1Multimodality Imaging in Cardio-Oncology

Shiying Liu, Montserrat Carrillo-Estrada, Mark Iwanochko,
and Paaladinesh Thavendiranathan

Key Points

• Cardiovascular imaging plays a crucial role in the practice
of cardio-oncology.

• Echocardiography is the imaging modality of choice for
monitoring cardiac function before, during, and after
cancer treatment.

• A unique role of cardiac magnetic resonance is to provide
tissue characterization, allowing the identification of early
myocardial injury and differentiation of cardiac tumors
from thrombus.

• Other imaging techniques such as cardiac computed
tomography and positron emission tomography provide
incremental diagnostic value and serve as useful tools for
the evaluation of patients in cardio-oncology.

• Cardiovascular imaging of patients with cancer requires
high-quality imaging as the results have a major impact
on cancer treatment decisions and long-term cardiovas-
cular follow-up of patients.

1.1 Introduction

Cardiovascular multimodality imaging plays a crucial role in
the identification of cardiovascular disease in patients with
cancer [1, 2]. The ultimate goal is to use the imaging data to
guide the prevention of cardiovascular-disease-related mor-
bidity and mortality while enabling optimal cancer therapy.
Traditional and novel cancer therapies can have various
adverse cardiovascular effects that can be identified by car-
diovascular imaging [3]. This chapter focuses on the most
commonly recognized toxicity, heart failure, the spectrum of
toxicities includes myocarditis, arrhythmias, coronary artery
disease (CAD), autonomic dysfunction, valvular disease,
pericardial disease, and vascular disease [4].

The primary imaging modality that is used should be
driven by the clinical question, the availability of imaging
techniques, and the expertise at each center [2]. Echocar-
diography is the imaging modality of choice for monitoring
cardiac function before, during, and after cancer treatment
[5, 6]. Echocardiography based 3D left ventricular ejection
fraction (LVEF) and 2D global longitudinal strain
(GLS) offer a reproducible assessment of cardiac function
and the possibility for early detection of myocardial dys-
function, respectively [7, 8]. Cardiac magnetic resonance
(CMR) is the method of choice to identify subtle myocardial
structural and functional changes related to cancer therapy.
A unique role of CMR is to identify early myocardial injury
(e.g., inflammation, edema, or fibrosis) or to differentiate
cardiac tumors from thrombus using tissue characterization
techniques. CMR is also a robust modality to investigate
myocardial ischemia or pericardial disease. Cardiac com-
puted tomography (CT) plays a complementary role in
cardio-oncology aiding with the assessment of CAD, peri-
cardial disease, and cardiac masses [9].

Multigated acquisition (MUGA) scans continue to be used
for serial monitoring of LVEF during chemotherapy when
echocardiography is unavailable [5]. Another unique role of
nuclear imaging in cardio-oncology is the use of bone avid
radiotracers (Tc-99 m-PYP/DPD/HMDP) for the noninvasive
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diagnosis of transthyretin (ATTR) cardiac amyloidosis [10].
Finally, Positron Emission Tomography (PET) imaging is a
noninvasive method for the assessment of myocardial meta-
bolism and has a potential role in the identification of patients
with early myocardial injury or vascular inflammation [11].
Table 1.1 provides a summary of the strengths and limitations
of the different cardiac imaging modalities that are commonly
used in cardio-oncology. This chapter will provide readers the
guidance as to the selection of appropriate imaging tests and
what local cardiac imaging laboratories may consider to
ensure high-quality cardio-oncology imaging services.

1.2 Considerations in the Echocardiography
Laboratory

Due to its wide availability and relatively low costs,
transthoracic echocardiography (TTE) is the most commonly
used noninvasive cardiac imaging modality in cardio-
oncology. However, standardization of imaging is crucial
to provide high-quality data for the cardio-oncology popu-
lation where cancer treatment decisions often hinge on
imaging data.

Table 1.1 Strengths and limitations of cardiac imaging modalities and clinical application according to cardiac toxicity

Imaging modality Strengths Limitations Clinical application

Echocardiography - Availability
- Low cost
- No radiation exposure
- Anatomical and
hemodynamic assessment
- 3D LVEF higher accuracy
and reproducibility
- Strain allows detection of
subclinical cardiac
dysfunction
- Stress echo allows for
functional assessment of
CAD

- Inter-, intra-observer and test–re-test variability
- Image quality may be influenced by body
habitus, surgical interventions, localized pain,
and breast expanders
- 3DE—lower spatial and temporal resolution
- Strain—influenced by preload, afterload, and
heart rate

- CTRCD
- Pulmonary hypertension
- Pericardial disease
- Valvular heart disease
- Cardiac amyloidosis,
assessment of ischemia

Magnetic Resonance
Imaging

- No radiation exposure
- Identifies small changes in
volumes
- Accurate LVEF assessment
- Tissue characterization
- Assessment of myocardial
ischemia

- Higher cost
- Lack of widespread availability
- Risk of nephrogenic systemic fibrosis in
patients with renal impairment
- Use of GBCA

- CTRCD
- ICI-related myocarditis
- Cardiac masses
- Valvular heart disease
- Pericardial disease
- Cardiac amyloidosis,
assessment of ischemia

Computed
Tomography

- Non-invasive method for
assessment of CAD
- High sensitivity and NPV
for CAD
- Identification of
pericardial, valvular, and
anular calcification

- Higher cost
- Radiation exposure
- Use of IV contrast

- CAD
- Pericardial disease
- Valvular heart disease

Nuclear
imagingMultigated
angiocardiography

- Availability
- High sensitivity and
specificity for LVEF
- Measurement
reproducibility

- Radiation exposure
- Accuracy affected by gating and count quality

- CTRCD

Positron Emission
Tomography

- Assessment of myocardial
metabolism, ischemia,
viability

- Lack of widespread availability
- Higher cost
- Radiation exposure

- Evaluation of microvascular
dysfunction, ischemia,
myocardial viability
- Cardiac masses,
differentiation of benign versus
malignant tumors

CAD: Coronary artery disease. CTRCD: Cancer therapeutics-related cardiac dysfunction. GBCA: Gadolinium-based contrast agents. ICI: Immune
Checkpoint Inhibitors. LVEF: Left ventricular ejection fraction. NPV: Negative predictive value

2 S. Liu et al.



1.3 2D Echocardiography

Laboratories continuing to use 2D-LVEF should ensure the
acquisition of dedicated apical 4- and 2-chamber views
specifically for the purpose of measurement of LVEF with
careful attention to apical foreshortening and endocardial
drop-out. The biplane disk summation technique (modified
Simpson’s rule) is the method of choice to measure LVEF
and volumes [12]. This method relies on geometrical
assumptions of the LV shape, and is sensitive to apical
foreshortening and endocardial dropout, resulting in
increased inter- and intra-observer and test–re-test variability
[7, 12]. The temporal variability of LVEF by 2D biplane
Simpson’s method is up to 10% [7], which is analogous to
the threshold used to define cancer-therapy-related cardiac
dysfunction [6], thus making this an imprecise method for
serial follow-up of LV systolic function. To reduce test–
re-test variability it is critical for sonographers/physicians to
review images from prior visits side by side to ensure that
views obtained and endocardial contouring (at compacted
myocardium) are similar (Figs. 1.1 and 1.2). This compar-
ison can also be used to ensure that any changes in ven-
tricular function are also visually confirmed. Besides LVEF,
diastolic function and its change during treatment should
also be assessed and reported.

1.4 3D Echocardiography

Laboratories with experience in using 3DE should use this as
the preferred method for measurement of LVEF in patients
with good image quality. Optimization of 3D image acqui-
sition should follow the American Society of Echocardiog-
raphy (ASE) guidelines [13]. The ECG-gated multi-beat
acquisition of a full-volume dataset is recommended for
analysis of LV volumes, LVEF, and regional wall motion as
it provides better temporal resolution compared to
single-beat acquisition, while maintaining high spatial res-
olution. Acquisition of 3D full volume dataset should be
guided by the simultaneous display of multiple tomographic
short-axis views of the LV from apex to base or multiple
long-axis views [13]. We recommend this approach to
ensure all ventricular segments are included in the volume,
there is good endocardial visualization of all segments, and
to assess for stitch artifacts (Videos 1.1 and 1.2). Multiple
3D volumes should be obtained to ensure choice in
post-processing. During post-processing, care should be
taken to ensure LV trabeculae and papillary muscles are
included in the ventricular volume (i.e., contours at the
compacted myocardium) and that endocardial border track-
ing is accurate and consistent for all segments in diastole and
systole (Video 1.3).

Fig. 1.1 Two-dimensional left
ventricular volumes and ejection
fraction measurement by biplane
disk summation technique
(modified Simpson’s rule).
Endocardial contours should be
drawn at the compacted
myocardium as demonstrated
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Current limitations of 3DE include lower spatial and
temporal resolution than 2DE, larger transducer footprint,
and the time required for post-processing [13]. Wider
experience with 3DE, incorporation of 3DE in sonography
schools and fellowship training, and future enhancement of
fully automated left heart chamber quantification will allow
for broader implementation of this technique within the
cardio-oncology population.

1.5 Use of Ultrasound Enhancing Agents

The use of ultrasound enhancing agents (UEAs) for LV
opacification is recommended to improve endocardial border
delineation when two or more contiguous segments are
poorly visualized [12]. Compared to unenhanced 2DE,
UEA-enhanced images provide a more accurate and repro-
ducible analysis of LV volume, EF, and regional wall
motion [12]. UEA-enhanced images of the LV produce
larger volumes than non-UEA enhanced images, irrespective
of the 2D or 3D echo techniques used, and have better
agreement with the values obtained by CMR [14, 15]. It is
estimated that UEA use can convert approximately 75–90%
of suboptimal echocardiograms to diagnostic quality [16].
If UEA is used in cardio-oncology studies, it should be used
in all subsequent follow-ups to enable comparison of chan-
ges. It is important to note that pulmonary hypertension or
known/suspected right-to-left cardiac shunts are no longer
contraindications to UEA use based on the recent ASE
guidelines [14]. Optimization of UEA images is an

important skill for all sonographers to acquire and has been
outlined in the ASE guidelines [14, 17]. We recommend
training of dedicated personnel for UEA administration.
Sonographers should also have the opportunity to be trained
in intravenous insertion to facilitate the workflow. All echo
lab personnel should be trained in the early recognition of
UEA-related side effects and effective management strate-
gies [17]. UEAs can interfere with strain imaging, and
therefore dedicated images should be acquired and strain
analysis performed prior to contrast administration.

1.6 Myocardial Strain Imaging

Myocardial strain measured with speckle tracking echocar-
diography (STE) is an important clinical tool in the early
detection of subclinical LV systolic dysfunction. GLS is the
most robust and reproducible strain parameter, with diag-
nostic and prognostic value [18, 19]. Measurement of GLS is
recommended as part of the comprehensive cardio-oncology
echocardiogram protocol [6]. Although GLS can be mea-
sured using 2D and 3D acquisitions, current clinical appli-
cations are limited to 2DE.

Image acquisition: For measurement of GLS, standard LV
apical 3-, 4-, and 2-chamber views should be acquired with
careful attention to optimizing both temporal and spatial
resolution. The ASE recommends a frame rate of 40–90 Hz
for strain analysis involving normal heart rates [6]. Higher
frame rates are advisable to avoid under-sampling in

Fig. 1.2 Left ventricular
volumes and ejection fraction for
the same patient in Fig. 1.1.
Contours are drawn incorrectly at
the blood pool trabecular border
at many locations instead of the
compacted myocardial layer. This
results in different volumes and
LVEF values as compared with
Fig. 1.1
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tachycardia which can be common during cancer therapy
[20]. However, a frame rate that is too high is often achieved
at the expense of spatial resolution. Good image quality with
clear visualization of the endocardial border and myo-
cardium for the entire cardiac cycle is essential. Imaging
artifacts such as acoustic shadowing, reverberations and
echo drop-outs, and foreshortening of the apex (Fig. 1.3,
Videos 1.4 and 1.5) can result in inaccurate strain mea-
surements [20]. During image acquisition, the patient should
be instructed to suspend breathing for several heartbeats and
the ECG signal should be adequate to ensure appropriate
timing. The apical 3 chamber view should clearly demon-
strate the LVOT and aortic valve in order to help determine
aortic valve closure time (Fig. 1.4). We suggest the heart rate
difference between the three apical views used for GLS
calculation to be less than 5 bpm. To achieve this, it is best
to obtain all 3 apical views together toward the end of the

study as dedicated images for strain analysis. Furthermore, it
is advisable to obtain 3–5 cardiac cycles and/or 2–3 different
acquisitions to ensure that the most optimal images are
available for analysis.

Strain post-processing: The best images or cardiac cycle
should be chosen for analysis. The definitions of
end-diastole (ED) and end-systole (ES) directly influence
strain quantification. ED is marked by mitral valve closure
(MVC), and is the time point where the strain curve is zeroed
[20]. ES is marked by aortic valve closure (AVC), and the
time point from ED to ES defines the systolic phase of the
strain curve [20]. Laboratories should define consistent ways
to define ED/ES and this may be vendor-specific. Systolic
strain can refer to either the peak systolic or end-systolic
strain. The peak systolic strain is the peak value during
systole, while the end-systolic strain is the value that that

Fig. 1.3 Impact of apical
foreshortening on LVEF and GLS
values. Panel A and C illustrate
the standard 2D apical 4-chamber
view and the corresponding
longitudinal strain bull’s eye plot.
Panel B and D illustrate the
foreshortened apical 4-chamber
view and the bull’s eye plot in the
same patient. Notice the increase
in GLS and LVEF values in the
foreshortened views

Fig. 1.4 Panel A shows the
standard apical 3-chamber view
with clear visualization of the
LVOT and aortic valve. Panel B
shows a suboptimal apical
3-chamber view without
visualization of the aortic valve
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coincides with ES or AVC [21]. The European Association
of Cardiovascular Imaging/American Society of Echocar-
diography (EACVI/ASE) and Industry Task Force recom-
mends the report of end-systolic GLS by default [21].
Selection of region of interest (ROI) for GLS may include
endocardial, midwall, epicardial, or full myocardial thick-
ness strain. Some strain software provide the ability to
measure layer-specific strain. Each echocardiography labo-
ratory should become familiar with the default settings of
their strain package with respect to the automatic ED and ES
timing selection, definition of systolic strain, and the default
strain layer being measured (Fig. 1.5).

Accurate contouring of the subendocardial and the
subepicardial border determines the tracking quality and has
repercussions on the strain results. Currently available strain
packages rely on a semiautomatic method. Fully automated
strain analysis has also become a clinical reality and provides
a rapid and reproducible assessment of GLS [22]. However,
the operator should still visually inspect all tracking markers
to ensure they closely follow the underlying tissue motion.
Papillary muscles and trabeculations should be excluded
from the endocardial contour as this affects GLS values [23]
(Video 1.6). Basal contours should extend down to the mitral
annulus but not beyond it (Videos 1.7 and 1.8). Similarly, the
contour should not extend into the aortic root [23] (Video
1.9). There is a gradient in the myocardial deformation
amplitude, such that strain value is highest in the endo-
cardium and progressively decreases toward the epicardium
[24]. The ROI should appropriately cover the myocardium

(Video 1.10). If the width of the ROI is too thin (Video 1.11)
and does not include the whole myocardium or too thick
(Video 1.12) and includes the pericardium then the strain
values can be altered with vendors who provide whole
myocardial thickness based strain [23]. Once segmental
strain curves are generated, they should be carefully exam-
ined to ensure good regional tracking and the absence of
significant outliers. It is crucial to use the same imaging
equipment and software during serial follow-ups of cancer
patients to facilitate interpretation and comparison of results.

Strain measurements, similar to that of LVEF, are sen-
sitive to preload, afterload, and heart rate [25] and cancer
patients are especially vulnerable to hemodynamic fluctua-
tions [6]. Laboratories should ensure that patients’ vitals are
documented in each study so that sequential changes in
strain can be related back to changes in hemodynamics. The
sources of variation in strain measurements are summarized
in Table 1.2.

1.7 Workflow Considerations
in the Echocardiography Laboratory

A comprehensive cardio-oncology echocardiogram protocol
is outlined in Table 1.3 and could be modified as necessary
depending on the clinical question. The growing need for
high-quality cardio-oncology echocardiograms combined
with the need for dedicated technology and personnel can
affect the normal workflow of an echocardiography

Fig. 1.5 The differences in default settings, with respect to the strain
layer, measurement timing, and segmentation model, between two
strain vendors are highlighted using the same apical images. With
Vendor 1 the endocardial longitudinal strain was measured at
end-systole using the entire end-diastolic and end-systolic border
length (A–C). With Vendor 1 there is an option of reporting

end-systolic or peak systolic strain. In contrast, vendor 2 measures
the full-thickness strain, which encompasses the entire thickness of the
myocardium (D–F). Vendor 1 uses a 16-segment model (C), while
vendor 2 uses a 17-segment model of the left ventricle that includes the
apical cap (F). AVC: aortic valve closure; ED: end-diastole; ES:
end-systole; GLS: global longitudinal strain
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Table 1.2 Sources of variation
in echocardiographic strain
assessment

Clinical
• Loading conditions, e.g., blood pressure, heart rate, volume status

Operator
• Image quality, frame rate, clip selection
• Selection of end-diastole and end-systole
• Contouring of subendocardium and subepicardium

Vendor
• Proprietary tracking algorithms, e.g., spatial and temporal smoothing
• Strain computation and default settings:
- Calculation of global strain by a mathematical average of segmental strain values or by using the entire
myocardial line length
- Endocardial vs full-thickness strain
- End-systolic vs peak systolic strain
- Use of 16, 17, or 18-segmentation model

Table 1.3 Comprehensive
cardio-oncology
echocardiography protocol

Prior to starting the echocardiogram
• Review any prior echocardiograms to appreciate the image quality, particularly the apical views, and
check if contrast was used previously

• Document the patient’s blood pressure, heart rate, and the timing of echocardiography with respect to
IV cancer therapy infusion (e.g., number of days before or after)

Standard transthoracic echocardiogram (as per ASE/EAE guidelines with highlights below) [6]
• Obtain the best apical 2- and 4-chamber views for LV volumes and LVEF assessment by 2D biplane disk
summation method

• Comprehensive assessment of diastolic function
• Assess RV systolic function using TAPSE, S’, and FAC

2D strain imaging
Acquisition
• Obtain dedicated apical 3-, 4-, and 2- chamber views of the LV sequentially
• Acquire � 3 cardiac cycles for each view
• Ask the patient to hold breath
• Ensure similar frame rate (40–90 Hz), and imaging depth
• Obtain aortic valve spectral Doppler (for determining aortic valve closure)
Analysis
• Analyze the LV apical three-chamber view first and verify the timing of aortic valve closure
• Contour the subendocardial and subepicardial (when available) borders consistently
• Checking tracking quality
• Display the segmental strain curves from apical views in quad format
• Display the global strain in a bull’s eye plot

3D imaging
Acquisition
• Obtain multi-beat (usually 4 beats) gated LV full-volume using the apical four-chamber view
• Ask patient to hold breath
• Use ‘multi-slice’ or multiplanar display to ensure the entire LV is included in the pyramidal volume and to
look for stitch artifacts

Analysis
• Semiautomatic contouring of the compacted myocardium
• Display in a surface-rendered format with volume-time curve

Contrast (if inadequate visualization of 2 or more contiguous segments in the apical views)[14]
• Low mechanical index imaging
• Watch for artifacts and adjust the rate of injection accordingly
*Modified from Table 2 of ASE 2014 guidelines on multimodality imaging in cardio-oncology Plana JC et al.
[6], with permission from Elsevier; please note that echocardiography plays an important role in the
assessment of other toxicities related to cancer therapy including valvular heart disease, pericardial
constriction, coronary artery disease, etc., however, specific protocols for this have not been provided as this
would follow clinical standards in the echocardiography laboratories
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laboratory. Each echocardiography laboratory should
develop an effective triage system for transthoracic
echocardiography (TTE) scheduling, with flexible imaging
slots to accommodate urgent requests. For instance, many
cardio-oncology TTEs need to be scheduled in accordance to
the timing of cancer therapies. There may also be value to a
specialized order set for cardio-oncology TTEs that allow
the referring provider to clearly state the indication (e.g.,
screening, therapeutic monitoring, survivor surveillance), the
type and timing of cancer therapies, and urgency of the
request. This will lead to more efficient triage, and enable
better planning to ensure the availability of dedicated
imaging equipment and software. A focused
cardio-oncology protocol can be used for follow-up
surveillance exams that include assessments of 2D/3D
LVEF, GLS, LV volumes, and diastolic function, and RV
systolic function. There is also a need to consider room times
for cardio-oncology studies as these could require longer
times for acquisition and post-processing than the standard
TTE. Sonographers and readers need to be trained on the use
of novel technology and be familiar with the latest protocols
and guidelines. Labs interested in cardio-oncology imaging
should engage in concordance activities to ensure all
sonographers acquire and analyze images in a similar man-
ner. Concordance activities are also recommended
among readers to ensure similar approaches to assessing the
quality of EF and strain data and consistency in reporting.
Regular educational and quality improvement conferences
will facilitate continued learning and high-quality TTE
studies.

1.8 Cardio-Oncology Echocardiographic
Report

A cardio-oncology echocardiographic report should be
comprehensive yet provide critical information in summary
that can be readily interpreted by the referring oncologist or
used by a cardio-oncology clinician. The technique used to
quantify LVEF should be clearly stated (i.e., 2D vs. 3D, use
of UEA). If 3D imaging is not feasible the reason should be
stated, and the reader should provide the best 2D LVEF
estimate. Whenever possible and reliable serial changes in
3D LV volumes should be reported. GLS should be reported
along with a clear description of the imaging system, soft-
ware, and version of the software used for acquisition and
analysis. Each echocardiography laboratory may also con-
sider incorporating the normal strain value, in accordance
with the patient’s age, gender, and vendor software [6]. GLS
should be reported as an absolute value. If regional tracking
is suboptimal GLS should not be reported [6]. Diastolic
function grade and its change compared to baseline should
be included in the report as it can have prognostic

implications [26, 27]. For all these measures, change relative
to baseline should be described. For GLS, this is best
described as a relative change.

When a clinician reads a cardio-oncology TTE report,
they should pay particular attention to any comment on the
image quality or artifacts, and if present, should interpret
with caution. The clinician should also compare the vital
signs documented on the report, as fluctuations in blood
pressure and heart rate can influence the LVEF, diastolic
function, and strain measurements. If LVEF is being fol-
lowed, the clinician should check the modality used (e.g.,
2D, 3D, with or without contrast) and ensure that the same
metric was used in prior studies. Also, it is important to pay
attention to ventricular volume changes. A concerning
change in LVEF is more likely to have occurred when there
is an associated increase in left ventricular end-systolic
volume. While the strain is reported in absolute values,
relative changes are more relevant and should be calculated
as a difference between the current measurement and the
baseline measurement divided by the baseline measurement.
The clinician should also look for statements of direct
side-by-side comparisons in the report rather than just
comparing numbers.

1.9 Considerations in the CMR / CT
Laboratory

1.9.1 Ventricular Volume and Function
Quantification

Routine use of CMR for monitoring cardiac function during
cancer therapy is yet to become common practice. However,
when used, acquisition and post- processing of images for
measurement of ventricular volumes and function should
follow the Society of Cardiovascular Magnetic Resonance
(SCMR) recommendations [28, 29]. In order to ensure that
changes in ventricular volumes and function represent true
changes as opposed to measurement-related variability,
standardized contouring practices for basal slice and com-
pacted myocardium should be followed within the labora-
tory (e.g., inclusion/exclusion of papillary muscles in
ventricular volumes). If a significant change in ventricular
volume or LVEF occurs during sequential follow-up
(Videos 1.13 and 1.14), studies should be compared side
by side and prior studies re-contoured to minimize
inter-observer variability. It is also important to contextual-
ize changes in LVEF in relationship to changes in ventricular
volumes to help understand whether a reduction in con-
tractility is the driver of a decline in LVEF [30]. Changes in
right ventricular function appear to follow changes in LVEF
[31]. Hence it would be prudent to report right ventricular
ejection fraction (RVEF) along with LVEF as a potential
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confirmatory measure of myocardial dysfunction. Strain
analysis has not become standard of practice with CMR
laboratories in patients receiving cancer therapy. When there
is an interest in strain analysis, to minimize the length of the
CMR examination, feature tracking methods that use rou-
tinely acquired cine images can be considered (Fig. 1.6).
Similar to echocardiography, the same technique and
post-processing software should be used for sequential
follow-up. Suggested CMR protocols and analysis have
been summarized in Table 1.4.

1.9.2 Myocardial Tissue Characterization

The value of routine myocardial tissue characterization
techniques (e.g., T1 or T2 weighted imaging or mapping, late
gadolinium enhancement, and extracellular volume quan-
tification) in patients receiving cancer therapy is unclear.
However, these techniques can have a role in the identifica-
tion of myocarditis due to cancer therapy and in the work-up
of cardiac masses. When quantitative CMR tissue charac-
terization techniques are used (e.g., T1, T2 mapping)
center-specific normal values should be established as sug-
gested in the SCMR position paper [32]. Ideally, phantoms
should be used on a periodic basis to ensure calibration of the
quantitative methods. When reporting quantitative mapping

data, reports should specify the vendor, magnet strength,
specific sequence, and the normal range for the laboratory. It
is ideal to use product mapping sequence as opposed to work
in progress packages as the latter is subject to change
resulting in an alteration in normal values with newer ver-
sions of the packages. When sequential imaging is per-
formed, it is important to carefully consider imaging the same
slice position at each visit to enable comparability of changes.
T1 and T2 mapping values are not directly comparable
between vendors and if possible the same magnet should be
used for sequential follow-up (Fig. 1.7a, b). When assessing
cardiac masses with CMR, it is important to compare other
available imaging data to identify location, size, and mobility
of the mass. Based on this information, targeted sequences
including black and white blood sequences for localization,
cine images to identify mobility, tissue characterization to
delineate mass composition, and perfusion imaging to iden-
tify vascularity should be considered.

1.9.3 Coronary and Pericardial Disease
Assessment

Standard cardiac CT protocols for assessment of coronary
artery disease can be used for cardiac imaging with the use
of prospectively gated acquisitions and narrow acquisition

Fig. 1.6 Cardiovascular
magnetic resonance imaging
feature tracking based strain.
Panel A demonstrates 4- chamber
global longitudinal strain in a
patient prior to anthracycline
therapy and Panel B demonstrates
measurement in the same patient
toward the end of cancer therapy.
There is a significant reduction in
a 4- chamber longitudinal strain
from −20.0 to −16.2%
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windows following the Society of Cardiovascular Computed
Tomography (SCCT) guidelines [33]. Especially during
cancer treatment, patients may experience high heart rate and
lower blood pressure due to volume depletion and hence
careful administration of beta-blockers and nitrates is
essential to minimize symptomatic hypotension. Outpatient
prescription of beta-blockers/calcium channel blockers for a
few days prior to CT to improve heart rate control can
minimize the need to administer IV medications at the time
of image acquisition. CT protocols should ensure that the
specific clinical question is addressed and that radiation
doses are minimized. Both cardiac CT and CMR can have a
complementary role in the assessment of pericardial disease
with pericardial calcification (Fig. 1.8) better appreciated on
CT while hemodynamic impacts of pericardial disease are
better delineated by CMR (Videos 1.15 and 1.16).

1.10 Considerations for the Nuclear
Laboratory

1.10.1 Assessment of LVEF

MUGA scan is a well-validated technique for the assessment
of LVEF [34–36]. The validity of MUGA for follow-up of
patients undergoing cardiotoxic chemotherapy is well
established [37]. Validated and established techniques and
protocols have been previously published [38–40].
Using MUGA for the assessment of LVEF requires careful
adherence to best practices for patient preparation, tracer
injection, imaging, and assessment of the final image data.
For patients undergoing cancer therapy, the usefulness of
MUGA is limited to the assessment of LVEF and for

Table 1.4 Targeted cardio-oncology CMR protocols

General Considerations
• Review any prior CMRs to assess the planning of basal slice and tissue characterization slices
• Document the patient’s blood pressure and heart rate

Assessment of myocardial toxicity
Acquisition
• Standard short-axis cines for assessment of left and right ventricular ejection fraction
• Long axis cines (4, 3, 2 chamber) to confirm location short-axis slices while contouring and to potentially measure longitudinal strain using
feature tracking methods

• Dedicated strain images (e.g., tagged cines) if there is interest in sequential strain follow-up using dedicated strain images (requires extra time
during acquisition)

• Myocardial T2 weighted imaging, T1 and T2 mapping, and late gadolinium enhancement imaging
Analysis
• Consistent approach within the lab to choose basal short axis slice and contouring of endocardial borders. Careful attention to ventricular
volumes. Semi-automated or automated contouring methods are preferred

• T1 and T2 mapping analysis should ensure careful attention to the endocardial and epicardial border to ensure avoidance of blood pool and
epicardial fat. Use of software features that allows automatic 10–15% offset toward the myocardium from the drawn will ensure minimization
of contamination of quantitative values

Assessment of myocarditis
Acquisition
• Standard cine images as above for assessment of volumes, function, regional wall motion abnormalities, strain, and presence of pericardial
effusion

• Tissue characterization with T2 weighted imaging, T2 mapping, T1 mapping (pre- and post-contrast to allow calculation of extracellular volume
fraction), late gadolinium enhancement

• If pericarditis present, real-time free-breathing cines in mid short axis view to assess for respiro-phasic septal shift and measure of pericardial
constraint

Analysis
• Similar to above

Myocardial masses
Acquisition
• Based on prior images or other modalities, dedicated cine images to assess the size, location, and extent of the mass
• In the best imaging planes, T1 and T2 weighted imaging, T1 and T2 mapping, myocardial perfusion imaging, and late gadolinium enhancement
Analysis
• Visual description of location, invasion, tissue characteristics, and quantitative perfusion of mass

*Please note CMR plays an important role in the assessment of other cardiovascular complications related to cancer therapy such as pericardial
constriction, vascular disease, myocardial ischemia, etc., however, the CMR protocols for these applications do not differ from clinical routine and
hence are not outlined in the list above
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accurate assessment of right ventricular ejection fraction
using first-pass imaging. The radiation dose is approximately
8 mSv. This is slightly higher than double average back-
ground radiation for most patients [41]. The accuracy of
MUGA can be affected by several variables.

Gating: The acquisition of MUGA requires accurate
gating, this can be an issue in rapid atrial fibrillation or
patients with frequent ventricular ectopics. It is always
preferable to repeat analysis when the heart rhythm is
controlled.

Count quality: There are several medications that can
affect red cell labeling. Doxorubicin is of particular concern
in oncology patients. If count quality is poor then caution
must be taken during reporting to ensure an artifactually low
LVEF is not reported [40] (Please also see Table 2 in Ref-
erence 41).

Standard assessment of LVEF is performed using the left
anterior oblique 45 or best septal view. Care must be taken
to ensure optimal separation of the LV and RV cavities when
obtaining this view.

LVEF is calculated as follows (EDCountsbackgroundcorrected-
ESCountsbackgroundcorrected)/(EDCountsbackgroundcorrected). The
technique uses counts averaged from 5 min of data. This
helps to reduce beat-to-beat variation of LV filing. It is also
independent of LV chamber geometry. It is important that the
technologist and reading physician carefully assess the
ED and ES tracings to ensure appropriate tracking of counts.
Background assessment is also critical for accurate values. If
the background is placed in an abnormally count poor area
such as a pericardial effusion, or a region of left ventricular
hypertrophy, background counts will be under subtracted
and the LVEF will be artifactually lowered. If the

Fig. 1.7 Native myocardial a T1 map and b T2 map in a short-axis view pre-cancer therapy (top panel) and 3 months into trastuzumab therapy
(bottom panel). There was an increase in myocardial native-T1 and T2 values seen early during cancer therapy

Fig. 1.8 Non-contrast gated
cardiac computed tomography
showing pericardial calcification
(stars) at 3 different positions

1 Multimodality Imaging in Cardio-Oncology 11



background is placed in an abnormally count rich area such
as over the aorta or enlarged spleen then the background will
be over subtracted resulting in an artifactually increased
LVEF.

1.10.2 PET Imaging
for Inflammation/Metabolism

Cardiac positron emission tomography (PET) is a powerful
imaging technique for the assessment of myocardial blood
flow and for imaging cardiac inflammation. Although there
are several promising imaging tracers that will permit
imaging myocardial damage associated with cardiotoxic

chemotherapy, the only FDA-approved PET tracer is
18F-FDG [42, 43]. Cardiac PET imaging with 18F-FDG is
ideal for assessing coronary flow reserve. Impaired coronary
flow reserve (CFR) is a marker of coronary microvascular
dysfunction. Studies have demonstrated that PET measures
of CFR correlate to microvascular disease associated with
thoracic radiation for cancer treatment [44]. Since active
inflammatory cells have a high glycolytic activity, imaging
with 18F-FDG allows visualization of immune cell activation
and infiltration into the myocardium. It is particularly useful
for the dynamic assessment of active myocardial inflam-
mation. 18F-FDG PET/CT imaging can be useful in differ-
entiating primary cardiac tumors from metastatic tumors [45]
(see Figs. 1.9 and 1.10). Recent work by Meng et al.

Fig. 1.9 18F-FDG PET/CT axial
(upper panel) and coronal images
(lower panel) in a patient with
metastatic mucinous
adenocarcinoma (primary
diagnosed and treated 17 years
prior), SUVmax, 5.6 and
TBRmax, 4.3

Fig. 1.10 18F-FDG PET, 3D
MIP demonstrating tumor
infiltration in the tricuspid
annulus and right ventricular apex
in the same case as Fig. 1.9
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demonstrated that differentiation can be achieved based on
standardized uptake values (SUVmax) and tumor to back-
ground ratio (TBRmax) values: benign cardiac tumors
(SUVmax 2.35 ± 1.31, TBRmax = 1.05 ± 0.50), primary
cardiac tumors (SUVmax = 8.90 ± 4.23, TBRmax = 3.82
± 1.44) and cardiac metastases (SUVmax = 14.37 ± 8.05,
TBRmax = 6.19 ± 3.38) [46]. As expected, a high SUV-
max or TBRmax were associated with increased mortality.

An important aspect of 18F-FDG imaging for inflamma-
tion is the suppression of physiological cardiomyocyte
uptake of glucose. It is critical that the patient adheres to the
carbohydrate-free diet for a minimum of 24 h prior to the
scan. For patients where endogenous cardiomyocytes are not
suppressed with a 24-h diet, successful suppression may
occur with a 48–96 h diet [47]. Quantitative assessment of
myocardial uptake is essential for sequential follow-up and
assessment of response to treatment. Standardized uptake
values are used for the routine description of abnormal
uptake. Cardiac metabolic volumes provide a better assess-
ment of the burden of abnormal uptake and are useful for
assessing response to treatment [48].

1.10.3 Nuclear Imaging for Cardiac Amyloid

The diagnosis of cardiac amyloidosis requires both careful
clinical assessment and multimodality imaging. The bone
imaging agent 99mTc-pyrophosphate can be used to image
transthyretin (ATTR) amyloidosis [49]. The tracers
99mTc-PYP/DPD/HMDP/ and 123I-mIBG/PET have all
been demonstrated to be useful in imaging ATTR [50].
99mTc-pyrophosphate is a common imaging agent in North
America. Images are best obtained in an anterior planar
view, tomographic images (SPECT) can be useful in difficult
cases. It is advised that gating be applied to the planar, and
SPECT acquisition.

Images are interpreted using both a visual and
semi-quantitative ratio of heart to contralateral chest uptake
(H/CL). A ratio of >1.5 is suggestive of ATTR (Fig. 1.11).
Visual scoring is obtained using a scale of 0–3, where 0 = no
cardiac activity with normal rib uptake, 1 = cardiac activ-
ity < rib, 2 = cardiac activity = rib, and 3 = cardiac activ-
ity > rib [50] (Fig. 1.11). Common sources of error include:

(1) Previous myocardial infarction which limits myo-
cardium available to take up tracer, tomographic
imaging (SPECT) can be helpful in such cases

(2) A dilated LV such that the “Heart region of interest”
oversamples the LV cavity with incomplete inclusion of
the myocardial uptake

(3) The “CL region of interest” is placed near the medi-
astinum and can sample myocardial activity in a dilated
heart.

Residual blood pool activity can result in a H/CL ratio
approaching 1.5. This can easily be detected by looking at
the gated anterior planar view. This can be avoided by
imaging at 3 h post-injection instead of 1-h post-injection.

1.11 Conclusion

Cardiovascular imaging plays a crucial role in the field of
cardio-oncology. Laboratories engaged in the cardiovascular
imaging of patients with cancer should ensure high-quality
imaging as the results have a major impact on cancer treat-
ment decisions and long-term cardiovascular follow-up of
patients.

Acknowledgements The authors gratefully acknowledge Babitha
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Fig. 1.11 Planar-99mTc-PYP 3 h Images. Panel A shows a negative
study, with no appreciable myocardial uptake with HCL < 1.5. Panel B
shows an equivocal study with borderline uptake HCL < 1.5. Panel C

shows a positive study, with significant myocardial uptake, Grade 3,
HCL > 1.5
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2Anthracycline/Trastuzumab Cardiac Toxicity

Christopher Yu, Faraz Pathan, and Kazuaki Negishi

Key Points

• Two major anti-cancer agents with higher risk for
developing cardiac dysfunction: Anthracyclines (often
irreversible and dose related myocyte injury) and trastu-
zumab (often reversible, not dose dependent).

• The risk of trastuzumab-related cardiac dysfunction is
increased by sevenfold when trastuzumab is used after an
anthracycline-based chemotherapy.

• Medical therapy includes the use of beta blockers
(BB) and angiotensin receptor blockers or angiotensin
converting enzyme inhibitors (ACEi) derived from the
literature supporting their use in heart failure with
reduced ejection fraction.

• Echocardiography is the fundamental imaging modality
used in the detection of left ventricular impairment in
cardio-oncology.

• Global longitudinal strain has been shown to detect left
ventricular dysfunction earlier than LVEF in patients
receiving cancer therapy and has the potential to guide
therapy by minimizing clinically important cardiotoxicity.

Cancer therapy-related cardiac dysfunction (CTRCD) is
defined as a decrease in the left ventricular ejection fraction
(LVEF) of > 10%, to a value below the institutional lower
limit of normal (LLN) (e.g., 50 or 53%) (Table 2.1) [1–3].

The European Society of Cardiology (ESC) position paper
recommends that this decrease should be confirmed by
repeated cardiac imaging done 2–3 weeks after the diag-
nostic study showing the initial decrease in LVEF.

Broadly speaking, there are two major anti-cancer agents
with higher risk for developing CTRCD: Anthracyclines
(often irreversible and dose related myocyte injury) and
trastuzumab (often reversible, does not demonstrate typical
anthracycline related ultrastructural cellular injury and is not
dose dependent). As these agents are often used together or
in succession, the resultant myocardial injury and cardiac
dysfunction are a result of synergistic injury (Fig. 2.1).

2.1 Anthracycline-Related CTRCD

Anthracyclines are the most extensively investigated agents.
This class of chemotherapy incorporates a range of agents,
such as doxorubicin, epirubicin, and idarubicin. They are the
cornerstone of multiple chemotherapy regimens used to treat
different types of cancer such, as breast, sarcoma, lym-
phoma, and pediatric leukemia.

There are multiple proposed mechanisms of anthracycline
cardiotoxicity, however, the two widely accepted theories
include excessive reactive oxygen species and topoiso-
merase 2b inhibition causing cardiomyocyte death [4]. The
risk of developing anthracycline-related CTRCD is depen-
dent on many factors including cumulative anthracycline
dose, concomitant radiotherapy, sequential cardiotoxic
therapy (i.e., trastuzumab), age � 60 years, multiple car-
diovascular risk factors, and known baseline cardiac
impairment [5]. The frequency of CTRCD exponentially
increases with higher anthracycline doses. A pooled analysis
of three clinical trials demonstrated the frequency of
CTRCD was 9% at a cumulative doxorubicin dose of
250 mg/m2 and increasing to 18% and 38% at cumulative
doses of 350 mg/m2 and 450 mg/m2, respectively [6].
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2.2 Trastuzumab-Related CTRCD

Trastuzumab is a monoclonal antibody that targets the
human epidermal growth factor receptor 2 (HER2) and is
used for the treatment of HER2-positive tumors, such as
breast cancer and gastric cancer. The mechanism of car-
diotoxicity is due to the disruption in the signaling between
the HER2 receptor and neuregulin (a ligand growth factor),
which is critical for normal myocyte growth and survival [7].
Trastuzumab-related CTRCD is highly dependent on the
concomitant or prior use of anthracyclines. Trastuzumab and
anthracyclines are not administered concomitantly in prac-
tice because of the very high incidence of CTRCD. The risk
of trastuzumab-related CTRCD is increased by sevenfold
when trastuzumab is used after an anthracycline-based
chemotherapy compared with no anthracycline therapy [8].
The incidence CTRCD after 2 years of trastuzumab is 7.3%
post completion of primary therapy [9].

2.3 Treatment for CTRCD

There is a lack of high-quality evidence in the management
of CTRCD with expert consensus currently providing the
foundation of guidance [2]. The approach to the manage-
ment of CTRCD is dependent on symptoms and decline in
LVEF most commonly based on echocardiography. Medical
therapy in CTRCD includes the use of beta blockers
(BB) and angiotensin receptor blockers or angiotensin con-
verting enzyme inhibitors (ACEi). The premise for the use of
BB and ACEi is derived from the literature supporting their
use in heart failure with reduced ejection fraction as well as
preventative effects shown in meta-analyses [10]. Patients
with asymptomatic reduction in LVEF as a result of cancer
therapy should be commenced on one or more
guideline-base heart failure therapies as per the ESC Position
statement [2]. Enalapril (ACEi) and carvedilol or bisoprolol
(BB), having shown positive results in improving LVEF in

Table 2.1 Definition of
Cardiotoxicity/CTRCD

Year 2014 2016 2020

Medical Society ASE/EACVI [1] ESC [2] ESMO [3]

Definition of
Cardiotoxicity
(or CTRCD)

An LVEF drop of >10
percentage points, to a
value <53%

An LVEF drop of >10
percentage points, to a
value below the LLN

An LVEF drop � 10
percentage point to a value
below the LLN (<50%)

ASE, American Society of Echocardiography; EACVI, European Association of Cardiovascular
Imaging; ESC, European Society of Cardiology; ESMO, European Society of Medical Oncology; LLN,
lower limit of normal

HER2–Targeted Therapy
(Trastuzumab)

Anthracycline Therapy
(Doxorubicin)

ROS

Top 2β

DNA Damage

NRG-1

HER2/4
DNA

Inhibi on of DNA 
transcrip on

Inhibi on of Trop2β
DNA repair

Impaired Protein 
Synthesis

Chemotherapy Related 
Cardiac Dysfunc on Heart Failure

Fig. 2.1 Mechanism of
anthracycline/trastuzumab cardiac
toxicity. NRG-1, Neuregulin-1;
HER2/4, Human epidermal
receptor 2/4; Trop2b,
Topoisomerase II-beta; ROS,
Reactive oxidative species (
Adapted from Shaw et al. [26];
with permission from Elsevier)
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an anthracycline-related CRTCD trial [11]. The initiation of
cardioprotective medications and/or modification of the
cancer therapy should be made by a multidisciplinary
cardio-oncology team [12].

2.4 Role of Imaging
in Anthracycline/Trastuzumab
Cardiotoxicity

The roles of cardiovascular imaging in CTRCD include:

– Screening patients for baseline cardiac function prior to
the commencement of therapy.

– Ongoing surveillance at 3/6 monthly intervals for the
duration of therapy.

– Identifying pre-existing conditions which may preclude
treatment.

– Identifying early biological signatures of CTRCD.

These will enable changes to treatment or chemotherapy
to achieve optimal outcome for management of malignancy
and cardiac function, including early initiation of cardio-
protective therapy.

The ideal imaging modality should be readily available,
affordable, sensitive to early changes, minimal radiation
exposure given the frequency of repeat investigation and
have good test–retest reproducibility. The modalities used to
achieve these roles include echocardiography, cardiac mag-
netic resonance, and nuclear imaging. Each has advantages
and disadvantages with respect to use in CTRCD
(Table 2.2).

2.5 Echocardiography
in Anthracycline/Trastuzumab
Cardiotoxicity

Echocardiography is the fundamental imaging modality used
in the detection of LV impairment in cardio-oncology.
Guidelines emphasize the need for assessment of LV func-
tion upon completion of anthracycline therapy, and again
6 months after completing therapy in asymptomatic patients
[1]. For those receiving trastuzumab, repeated LVEF
assessments should occur 3 months during therapy. The
biplane method of disks technique by 2D echocardiography
(2DE) is the most commonly used method to assess LVEF.
As shown above, CTRCD is defined as decrease in the
LVEF of > 10% to a value below the institutional LLN
(Table 2.1). 3D echocardiography has greater reproducibility
and accuracy than 2DE and can also be used to calculate
LVEF, thus is recommended by current guidelines [1, 13].
Despite the ease of determining LVEF on echocardiography,
it has a low sensitivity for detecting small changes in LV
function. Furthermore, feasibility of high-quality imaging
may be influenced by patient body habitus, radiation ther-
apy, or recent surgery (e.g., mastectomy). Contrast enhanced
echocardiography may alleviate some of these imaging
limitations and provide a more accurate assessment of LVEF
[14].

Global longitudinal strain (GLS) has been shown to
detect LV dysfunction earlier than LVEF in patients
receiving cancer therapy and has the potential to guide
therapy by early detection of clinically important car-
diotoxicity [15]. 2D GLS and 3D EF have the lowest tem-
poral variability with respect to detection of changes due to

Table 2.2 Summary of imaging
modality in Anthracycline/
Trastuzumab cardiotoxicity

Echocardiography Cardiac Magnetic
Resonance (CMR)

Equilibrium Radionuclide
Angiocardiography (ERNA)

LVEF Yes Yes Yes

LV GLS Yes Yes No

RV function Yes* Yes No

Valvular heart
disease

Yes Yes No

Pericardial
disease

Yes Yes No

LV tissue
characterization

Yes$ Yes No

Additional CV
pathology

Yes Yes No

CV—Cardiovascular LVEF—Left ventricular ejection fraction; LV GLS—Left ventricular global
longitudinal strain; RV—Right ventricle; *Echocardiographic measures of RV function are indirect and
less accurate compared to CMR; $integrated backscatter can give limited tissue characterization
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CTRCD and 2D GLS has better inter and intraobserver
reproducibility than LVEF [16].

In the absence of GLS, adjunctive quantification methods
to LVEF can include M-mode measurement of the mitral
annular plane systolic excursion and/or the peak systolic
velocity (s’) of the mitral annulus by pulsed-wave Doppler
tissue imaging [1]. Despite the focus of echocardiography
being on LV function, it is important to assess other cardiac
structures such as the heart valves and the pericardium.
There is no established evidence supporting the role of LV
diastolic function predicting CRTCD.

2.6 Cardiac Magnetic Resonance
(CMR) in Anthracycline/Trastuzumab
Cardiotoxicity

CMR is the gold standard technique for anatomical and
functional evaluation of the heart (including biventricular
size and systolic function) due to its high spatial resolution,
reproducibility, and accuracy. However, cost and availability
limit the widespread adoption of CMR. CMR is recom-
mended where LVEF cannot be accurately assessed by
echocardiography due to poor image acquisition [1]. CMR
can also accurately calculate LV mass. Larger declines in LV
mass due to anthracycline therapy is associated with
increased incidence of adverse cardiovascular events [17]. In
addition to low temporal variability of CMR derived ejection
fraction, CMR has excellent inter- and intraobserver repro-
ducibility compared to echocardiography [16]. The precision
of CMR enables detection of smaller changes in LVEF and
right ventricular (RV) EF. GLS can also be calculated in
CMR using a feature-tracking technique on traditional apical
views, however, its application in cardio-oncology has not
been systematically evaluated.

The early biological signatures of cardiotoxicity may
manifest as interstitial edema or early diffuse interstitial

fibrosis. CMR’s ability to accurately characterize myocardial
tissue through T1 and T2 weighted imaging enables one to
identify both interstitial edema and fibrosis (Fig. 2.2).
Unique biological signatures of early inflammatory
involvement (raised both native T1 and T2) and interstitial
fibrosis and remodeling (raised native T1 but not T2),
respectively, may identify susceptible myocardium and
guide cardioprotective therapy [18].

T1 mapping also allows for the calculation of extracel-
lular volume fraction (ECV), which is a marker of edema or
interstitial fibrosis. Early post anthracycline therapy,
myocardial edema can be identified by T2-weighted
sequence and is associated with reduced RV function [19].
Additionally, elevated LV T1 mapping and ECV have been
identified in post anthracycline therapy patients, independent
of cardiovascular comorbidities [20]. The clinical signifi-
cance of these findings has yet to be determined. Despite the
advantages of using CMR-based tissue characterization, in
contrast to CMR derived ejection fraction, the significant
temporal variability of T1, T2 mapping and ECV for now
limit its routine use in CTRCD [21]. Late gadolinium
enhancement is not associated with CTRCD from
anthracycline/trastuzumab therapy.

2.7 Nuclear Imaging
in Anthracycline/Trastuzumab
Cardiotoxicity

Traditionally, multiple gated acquisition scanning (MUGA)
has been one of the first-line imaging modalities for the
assessment of LVEF because of more accurate and repro-
ducible results than echocardiography [22]. However,
nuclear imaging techniques have fallen out of favor for LV
assessment because of increased radiation exposure (ap-
proximately 5–10 mSv) and limited assessment of other
cardiac structures or functions. Furthermore, a recent study

Normal T1- no evidence of inflamma on or 
fibrosis (n 900-1000 msec)

Elevated T1- due to myocardial inflamma on/ 
Fibrosis (900-1000 msec)

Fig. 2.2 CMR myocardial
mapping with right panel
showing elevated T1 (yellow) in
the myocardium
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demonstrated that MUGA-derived LVEFs are only modestly
accurate when compared with CMR reference LVEFs [23].

PET imaging solely assesses myocardial metabolism.
Though of limited use currently, in a small retrospective
study, low myocardial fluorodeoxyglucose uptake before
doxorubicin chemotherapy in Hodgkin disease patients
independently predicted the development of CRTCD [24].
Stress nuclear perfusion studies can be of value when testing
is required to exclude ischemic heart disease as a con-
tributing factor to the observed left ventricular dysfunction.

2.8 Case 1: Asymptomatic Cardiotoxicity
from Epirubicin and Trastuzumab

• Cardiotoxicity can often be asymptomatic.
• Despite LVEF being the marker for cardiotoxicity, GLS

can detect cardiotoxicity earlier.
62-year-old woman was diagnosed with bilateral
HER2-positive breast cancer. Baseline echocardiography
demonstrated an LVEF of 63%, GLS 20.9%. She com-
mencedEC chemotherapywith epirubicin (90 mg/m2) and
cyclophosphamide for four cycles. She subsequently
commenced weekly paclitaxel and had one dose of tras-
tuzumab (8 mg/kg). The patient was asymptomatic from a
cardiovascular perspective. On a serial echocardiogram at
6 months, the LVEF and GLS declined to 57% and 15.8%

(relative decline [D] 15.8–20.9/20.9 = -24%), respec-
tively. Despite the decline in LVEF, no changes weremade
tomedical therapy, as the decline in LVEFwas insufficient
to be classified as CTRCD according to guidelines. The
patient completed chemotherapy and had a further
echocardiogram at 9 months that demonstrated CTRCD
with an LVEF of 47%. This case highlights the disad-
vantage of using LVEF as the primary marker of CTRCD.
The next case will discuss the role of a GLS-guided car-
dioprotective strategy (Fig. 2.3, Video 2.1).

2.9 Case 2: GLS-Guided Cardioprotective
Therapy during Epirubicin
and Trastuzumab

• Cardiotoxicity can be detected with GLS earlier than with
LVEF.

• Cardioprotective therapy when initiated appropriately can
reverse cardiotoxicity.to prevent overt heart failure and
aid completion of planned chemotherapy [25].
A 55-year-old woman was diagnosed with triple positive
right-sided breast cancer. She had no past medical history
and no cardiovascular risk factors. Her baseline
echocardiogram demonstrated an LVEF 62%, GLS
23.6%. She commenced FEC-DH chemotherapy with

Fig. 2.3 Ejection fraction-guided
intervention. GLS declined
months before the decline in EF
met criteria for CTRCD. EF,
Ejection Fraction; GLS, global
longitudinal strain
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epirubicin (90 mg/m2), cyclophosphamide, and
5-fluroracil. She subsequently commenced docetaxel and
trastuzumab. The patient was asymptomatic from a car-
diovascular perspective. On a serial echocardiogram at
9 months, the LVEF and GLS declined to 58% and
18.5% (relative decline [D] 18.5–23.6/23.6 = −22%),
respectively. The treating cardio-oncologist used a
GLS-guided approach to treating with cardioprotective
therapy. GLS-cardiotoxicity is defined as � 12% relative
decrease or � 5% absolute decrease as per the latest
ESMO consensus recommendations [3]. The patient was
started on cardioprotective therapy which was ACEi and
BB (ramipril and carvedilol). A repeat echocardiogram
3 months later (12 months from baseline) showed a
significant improvement in the GLS from 15.8 to 21.1%
while the LVEF remained stable at 59%. This case
reinforces the recent 12 months follow-up results from a
randomized control trial (SUCCOUR study). It demon-
strated at 12 months follow-up, patients with a
GLS-guided strategy had a lower incidence of car-
diotoxicity compared to those on a LVEF guided

strategy, 5 versus 13%, respectively (presented at ESC
and manuscript under review) (Fig. 2.4, Video 2.2).

2.9.1 Case 3: Symptomatic Cardiotoxicity
from Doxorubicin and Trastuzumab
for Triple Positive Left-Sided Breast
Cancer

• Cardiotoxicity can be missed with near fatal
consequences.

• Cardioprotective therapies can be helpful in treating overt
cardiotoxicity.
A 71-year-old woman with early stage triple positive
left-sided breast cancer. Her treatment involved a left
mastectomy, doxorubicin, cyclophosphamide, four
cycles of trastuzumab, and taxol. Prior to chemotherapy,
the patient had a baseline echocardiogram demonstrating
normal LVEF (62%) and mildly impaired GLS (17.9%).
She subsequently commenced doxorubicin (405 mg

Fig. 2.4 Global Longitudinal
strain guided intervention
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[260 g/m2] cumulative dose) and cyclophosphamide.
During chemotherapy, a serial echocardiogram was per-
formed. There was a deterioration of the LVEF (48%)
and GLS (16%) (Fig. 2.5). Unfortunately, the signifi-
cance of the deterioration in the LV function was not
appreciated. The patient continued chemotherapy without
any changes to cancer therapy and cardioprotective
therapy was not initiated. Four months later, the patient
presented to the emergency department in acute pul-
monary edema requiring non-invasive ventilation. An
echocardiogram demonstrated severely impaired LV
function (LVEF 15%) with severe mitral and tricuspid
regurgitation. Given the potential for reversibility for
trastuzumab induced cardiac injury, she was managed
aggressively. Her acute treatment in addition to intra-
venous diuresis included inotropes (levosimenden and
dobutamine) and a brief stint of dialysis for aggressive
fluid removal. On discharge, her medical therapy con-
sisted of nebivolol 5 mg daily, valsartan 40 mg daily,
furosemide 40 mg twice daily, and ivabradine 7.5 mg
twice daily. A year after her admission for

decompensated heart failure, a follow-up echocardiogram
demonstrated the LVEF and GLS improved to 57 and
18.8%, respectively.

2.9.2 Case 4: Surveillance Echocardiography is
Important in Detecting Anthracycline
and Trastuzumab Therapy. Good Acoustic
Windows for Echocardiography
of Patients with Breast Cancer can be
Difficult Post-Surgery

• Contrast echocardiography can provide a simple solution
to accurately calculate the LVEF.
A 75-year-old woman with metastatic breast cancer. Her
treatment included trastuzumab, pertuzumab, and previ-
ous radiotherapy. She was referred to the
Cardio-Oncology clinic as there was a concern that she
had developed cardiotoxicity with an LVEF of 44%. Her
main symptoms were back pain due to her metastatic

Fig. 2.5 Untreated CTRCD. HF,
Heart failure; MR, Mitral
regurgitation; TR, Tricuspid
regurgitation
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bone disease. She had no shortness of breath or chest
pain. The images were of poor quality and subsequently a
contrast echocardiogram was ordered (Fig. 2.6). The
contrast echocardiogram revealed an LVEF of 53%.

2.9.3 Case 5: Cardiac Magnetic Resonance
Imaging Identifies Additional Unrelated
Pathology Including Left Ventricular
Thrombus

• CMR can provide additive information to echocardiog-
raphy and nuclear imaging given its superior spatial res-
olution, ideal windows, and reduced susceptibility to
challenging body habitus.

A 60-year-old obese (BMI 39 kg/m2) male with a known
history of ischemic cardiomyopathy and stage IV diffuse
large B-cell lymphoma undergoing radiotherapy. His treat-
ment previously included rituximab, cyclophosphamide,
doxorubicin, vincristine, and prednisone. Patient had a gated
heart pool scan reporting an EF of 28%. Echocardiogram
with poor apical images reported impaired LVEF. Given
complex decision about continuing chemotherapy for
recurrent cancer and/or revascularizing known left anterior
descending coronary artery disease, a viability scan with
CMR was performed and demonstrated additional pathology
unknown to that point (left ventricular thrombus) (Fig. 2.7).
This was not appreciated on the patient’s routine transtho-
racic echocardiogram. The LV thrombus was treated with
warfarin with complete resolution.

Fig. 2.6 Poor images optimized using contrast. Pre-contrast echo
images were technically difficult with suboptimal visualization of the
endocardial border, suggesting an estimated LVEF of 44%.

Post-contrast echo images showed improved border detection, allowing
more accurate quantification with LVEF now at 53%
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3Immune Checkpoint Inhibitor (ICI)-
Associated Myocarditis

Nicolas L. Palaskas, Eric H. Yang, and Tomas G. Neilan

Key Points

• ICIs have revolutionized the treatment of cancers,
specifically melanoma, lung, and genitourinary malig-
nancies, with significant improvements in oncologic
outcomes.

• The most serious of the immune-related adverse events
(irAEs) is myocarditis, with a reported mortality of 25–
50%. However, ICI-associated myocarditis is uncommon
with an incidence of 1–2% in recent publications.

• The only established risk factor is the use of combination
ICI therapy.

• The mainstay of treatment for ICI-associated myocarditis
is glucocorticoids.

• The presentation may be non-specific, at times insidious,
other times fulminant. Multiple imaging modalities, serial
biomarkers, myocardial biopsy, and astute clinical judge-
ment in combination with a high index of suspicion are all
required to diagnosis and manage these complex patients.

3.1 Introduction

The observation of an association between the use of
immune checkpoint inhibitors (ICI) and the development of
myocarditis is relatively recent. Despite the presumed low
incidence of myocarditis, increasing use and the expansion
of ICI for treating different malignancies have led to an
increase in the number of cases being seen in academic
centers and the community. Any cardio-oncology practice
must be equipped to recognize and treat this potentially fatal
disease. The diagnosis of ICI-associated myocarditis is
complicated and relies on a combination of clinical, labo-
ratory, imaging, and biopsy findings. All patients with sus-
pected ICI myocarditis should be admitted for assessment.
Various treatment regimens have been reported with the
mainstay of treatment involving cessation of the ICI and the
administration of corticosteroids. The three cases presented
below will highlight differences in clinical presentations,
diagnostic tests, and treatments followed by an in-depth
discussion of these differences.

3.2 Cases

3.2.1 Case 1. Relatively Asymptomatic
but Troponin is Elevated

An 80-year-old male presented with a history of coronary
artery disease, hypertension, and hyperlipidemia. He
underwent coronary artery bypass grafting in 2016 for an
acute coronary syndrome. He has been free of cardiovascular
symptoms since that time and was physically very active. In
late 2018, he was diagnosed with metastatic melanoma and
was started on a PD-1 inhibitor in January 2019. He received
a single dose. Four weeks later, he presented with new onset
of fatigue with exertion. He was without chest pain or
shortness of breath. On examination, he had a regular
rhythm at 78 beats per minute. His blood pressure was
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126/72 and he had no signs of heart failure. He had an EKG
(Fig. 3.1) which, apart from a left atrial abnormality, was
unremarkable. His creatinine kinase was 3,005 U/L (normal
<400 U/L). His HsTNT was 369 ng/L (normal <14 ng/L).
His ICI was held and he was admitted to the in-patient
cardiology service with a consult to the cardio-oncology
team. He had a transthoracic echocardiogram (Fig. 3.2,
Video 3.1). This echocardiogram showed normal left ven-
tricular (LV) size and ejection fraction (LVEF 72%). There

was abnormal interventricular septal motion. The left atrial
volume was increased and the pulmonary artery systolic
pressure was 42 mmHg. There was no pericardial effusion.
He underwent cardiac magnetic resonance imaging. This
confirmed normal LV size and EF without significant wall
motion abnormality or pericardial effusion. The right ven-
tricle also had a normal volume and function. There was no
evidence of myocarditis using late gadolinium enhancement
imaging or black blood T2 imaging (Fig. 3.3). Parametric T1

Fig. 3.1 Presentation EKG showing sinus rhythm, a left atrial abnormality, but was otherwise unremarkable

Fig. 3.2 Transthoracic echocardiogram showing normal left ventric-
ular (LV) size and ejection fraction (LVEF 72%). There was abnormal
interventricular septal motion. The left atrial volume was increased and

the pulmonary artery systolic pressure was 42 mm Hg. There was no
pericardial effusion
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or T2 mapping was not available. The troponin-T increased
to 563 ng/L on the day of admission while creatine kinase
decreased slightly to 2,776 U/L. The patient remained stable
but in view of the rising troponin and negative cardiac MRI,
an endomyocardial biopsy was performed. This showed
focal infiltration by lymphocytes, macrophages, and scat-
tered eosinophils with associated cardiomyocyte injury
consistent with myocarditis (Fig. 3.4). He was started on a
gram of methylprednisone per day, prophylaxis for pneu-
mocystis pneumonia, and a proton pump inhibitor. His tro-
ponin did not decrease. On day 5, he was treated with a
single dose of infliximab 5 mg/kg without effect on his
serum troponin. On day 7, a repeat dose of infliximab was
administered, while he transitioned to 60 mg of oral pred-
nisone per day. The serum troponin increased. The patient
remained stable with occasional new frequent episodes
of non-sustained ventricular tachycardia (NSVT).

Mycophenolate mofetil was added at 750 mg twice a day,
rising to 1000 mg twice a day. His troponin began to decline
(Fig. 3.5). However, on day 30 of his admission, he devel-
oped frequent runs of NSVT and, after a family meeting
where several options were presented, it was decided to
administer intravenous immunoglobulin. His episodes of
NSVT resolved. Six weeks after discharge, he presented
with odynophagia, an esophagogastroscopy was performed
and biopsies revealed cytomegalovirus esophagitis. His viral
load was very elevated and he was treated with ganciclovir
and later transitioned to oral valganciclovir. Two weeks after
that discharge, he reported bilateral lower extremity edema.
He had a lower extremity duplex ultrasound which revealed
bilateral deep venous thrombosis and he was started on
enoxaparin. One week after that he was admitted with an
upper GI bleed. Three weeks later, his oral intake was poor
and he was losing weight. He was diagnosed with Candidal
esophagitis. He was treated with fluconazole. Thereafter he
did well symptomatically, and was ultimately able to exer-
cise for 2 hours daily. He presented eight months later with
coffee-ground emesis and was found to have a large sub-
mucosal mass in the gastric body with pathology consistent
with metastatic melanoma. He had a gastric wedge resection
and is well and cancer-free 19 months after his initial
presentation.

3.2.2 Case 2. Moderately Symptomatic
with Abnormal Imaging

A 67-year-old female with a history of metastatic urothelial
carcinoma presented to the emergency room with several
weeks of worsening pelvic and abdominal pain related to her
malignancy, along with fatigue and weakness. She denied
any symptoms of chest pain, dyspnea, fevers, chills, nausea,
or vomiting and was debilitated due to severe abdominal
pain. Her oncologic history was significant for a diagnosis of

Fig. 3.3 Still images from the
cardiac MRI imaging. There was
no evidence of myocarditis using
late gadolinium enhancement
imaging or black blood T2
imaging. Parametric T1 or T2
mapping was not available

Fig. 3.4 Pathological images from endomyocardial biopsy showing
focal infiltration by lymphocytes, macrophages, and scattered eosino-
phils with associated cardiomyocyte injury consistent with myocarditis
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urothelial cancer with pelvic lymphadenopathy and peri-
toneal carcinomatosis. She had undergone six cycles of
cisplatin and gemcitabine; given a lack of clinical response,
she was started on combination immunotherapy with a
PD-L1 inhibitor and a T cell immunoreceptor with Ig and
ITIM domains (TIGIT) inhibitor. Her first treatment was
administered 5 days prior to presentation. Her vital signs
were significant for hypotension at 80/63 mm Hg and a heart
rate of 116 bpm. She was afebrile with an oxygen saturation
of 98% on room air. Her cardiovascular examination was
negative for jugular venous distension, peripheral edema,
murmurs, rubs, gallops, S3 or S4. Lung auscultation was
unremarkable. Her physical examination was only positive
for pelvic/abdominal pain on palpation without any signs of
acute abdomen. The patient’s laboratory results were sig-
nificant for a leukocytosis of 49.9 � 103/microliter, a
hemoglobin level of 14.5 g/dL, and a platelet count of
300 � 103/microliter. Her electrolytes were significant for a
potassium of 6.6 mmol/L, and an elevated creatinine of
2.0 mg/dL. Liver enzymes were mildly elevated with an
aspartate aminotransferase level of 69 U/L, and an alanine
aminotransferase level of 16 U/L. Thyroid-stimulating hor-
mone levels were within normal limits. Her total creatine
kinase level was elevated at 596 U/L and troponin-I levels
were elevated at 10.4 ng/mL. A 12-lead electrocardiogram
(ECG) obtained on admission was significant for sinus
tachycardia with diffuse ST segment elevations seen in the
precordial and inferior limb leads (Fig. 3.6). A transthoracic
echocardiogram (TTE) obtained demonstrated low normal
left ventricular ejection fraction (LVEF) of 50–55%, with
dyskinetic motion of the mid to distal left ventricle with
normal wall motion of all other wall segments (Fig. 3.7,
Video 3.2). ECG and TTE prior to ICI treatment were both
unremarkable. Coronary angiography and cardiac magnetic
resonance imaging were recommended and offered to the
patient, but ultimately not performed in line with her goals of
care. The wall motion abnormalities noted on TTE were not

congruent with the extent of ST segment elevations seen on
ECG, nor was it consistent with a myocardial injury pattern
with traditional coronary anatomy; thus, the leading diag-
nosis was stress-induced (Takotsubo) cardiomyopathy (see
Chap. 15) and probable perimyocarditis (abnormal cardiac
biomarkers and atypical wall motion abnormalities on
echocardiography) associated with ICI use. A total of 1 g
methylprednisone was given intravenously for 5 days, then
switched to oral prednisone 60 mg daily. The patient’s
troponin-I levels peaked at 26.4 ng/mL on hospital day 2
and down trended afterwards; the patient never had
symptoms of myocardial ischemia or heart failure. A repeat
TTE done 7 days after admission demonstrated an
improved LVEF at 60–65% with resolving—but still pre-
sent—wall motion abnormalities in the distal left ventricle.
Because of the patient’s poor prognosis and ongoing severe
pain related to her malignancy, and in discussion with the
patient and family, the decision was made to transition the
patient to hospice and palliative care. The patient passed
away on hospital day 17; autopsy was declined by the
family.

3.2.3 Case 3. Life-Threatening Myocarditis

A 74-year-old man with metastatic bladder cancer presented
with severe fatigue, dyspnea, and lightheadedness 5 days
after receiving the second dose of nivolumab (PD-1 inhi-
bitor). The patient had a past medical history of hypertension
but notably no history of coronary artery disease, CVA,
dyslipidemia, or diabetes. On arrival to the emergency room
he had a heart rate of 27 beats per minute and hypotension
with blood pressure of 93/61 mmHg. The electrocardiogram
revealed complete heart block with a ventricular escape
rhythm (Fig. 3.8). A temporary pacemaker was placed at the
bedside in the emergency room with improvement in blood
pressure and dizziness; however, the patient had continued

Fig. 3.5 Clinical course of the patient with troponin change over time and each of the treatments that were instituted at each time point and how
the troponin responded. The patient was treated with solumedrol, infliximab, mycophenolate, and IVIG at different stages
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fatigue and dyspnea. The initial troponin-T value was
1085 ng/L and echocardiogram revealed normal left ven-
tricular systolic function with a moderate-sized pericardial
effusion (Fig. 3.9). The patient is taken to the catheterization

laboratory for left and right heart catheterization with
endomyocardial biopsy which ruled out acute coronary
syndrome, and biopsy results reveal lymphocytic infiltration
with myocyte necrosis consistent with myocarditis

Fig. 3.6. 12-lead electrocardiograms before and during presentation of
immune checkpoint inhibitor (ICI) associated myocarditis. Panel A:
Normal 12-lead ECG two weeks before ICI treatment. Panel B: 12-lead
ECG on admission for suspected ICI-associated myocarditis sinus

tachycardia with diffuse ST segment elevations in the precordial and
inferior limb leads. PR segment depressions are seen in the precordial
leads.
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(Fig. 3.10). The patient was initiated on high-dose steroids at
1 g solumedrol daily for 3 days followed by 1 mg/kg daily
of prednisone with a troponin peak of 1454 ng/L. However,
his respiratory status continued to decline and he required
intubation for mechanical ventilation. Therefore, second-line
therapy was initiated with plasmapheresis (5 sessions) fol-
lowed by intravenous immunoglobulin for three doses with
improvement allowing for extubation. The complete heart
block persisted and he required permanent pacemaker
implantation. The troponin levels decreased to 291 ng/L but
never became normal. He continued a corticosteroid taper
over the next 6 weeks. The patient did not have any other
therapeutic options for his metastatic bladder cancer, and
therefore, a decision was made to pursue hospice and he
passed away 6 months after discharge.

3.3 Discussion

3.3.1 Background

ICIs have revolutionized the treatment of cancers, specifi-
cally melanoma, lung, and genitourinary malignancies, with
significant improvements in oncologic outcomes [1]. They
are a form of immunotherapy that is relatively new with the
first ICI being approved by the United States Food and Drug
Administration (FDA) in 2011. Ipilimumab was the first ICI
developed and is a cytotoxic T-lymphocyte associated pro-
tein 4 (CTLA-4) inhibitor. Since then, there have been six
additional FDA-approved ICI which are all programmed cell
death protein 1 (PD1) or programmed death-ligand 1

Fig. 3.7 Transthoracic echocardiography on admission. Apical
three-chamber views in diastole (Panel A) and systole (Panel B), and
apical four-chamber views in diastole (Panel C) and systole (Panel D)
demonstrate dyskinesis of the distal left ventricle (*), including the mid
to distal lateral, septum, apex, and anterior walls. Because the wall
motion abnormalities were incongruous with the extent of the diffuse
ST elevations noted on 12-lead electrocardiogram, imaging was

suggestive of stress-induced (Takotsubo) cardiomyopathy and
peri-myocarditis associated with immune checkpoint inhibitor use.
Left ventricular ejection fraction (LVEF) was calculated at 50–55%.
Repeat echocardiography 7 days later demonstrated an improvement in
LVEF with improved, but persistent distal wall motion abnormalities.
LV: left ventricle. RV: right ventricle
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Fig. 3.8 12-lead electrocardiogram showing complete heart block and ventricular escape rhythm at 27 beats per minute

Fig. 3.9 Echocardiographic images showing normal left ventricular
ejection fraction, 55% per biplane modified Simpson’s, and a
moderate-sized pericardial effusion. a Apical four-chamber view with
micro-bubble-enhanced image showing modified Simpson’s

end-diastolic volume measurement. b Apical four-chamber view with
micro-bubble-enhanced image showing modified Simpson’s
end-systolic volume measurement. c Subcostal image showing circum-
ferential moderate-sized pericardial effusion (white asterisks)

Fig. 3.10 Endomyocardial biopsy pathology slides showing inflam-
matory infiltrate and myocyte loss consistent with myocarditis.
a Hematoxylin and eosin stain showing inflammatory infiltrate with
myocyte loss. b Immunohistochemical stain for CD8+ T cells showing

patchy infiltration of the myocardium. c Immunohistochemical stain for
programmed death ligand 1 (PD-L1) showing increased uptake in the
areas of inflammatory infiltrate
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(PD-L1) inhibitors. There are numerous other classes of ICI
currently in development with notable targets, including
lymphocyte activation gene-3 (LAG-3), T cell
immunoglobulin, ITIM domain (TIGIT), and V-domain Ig
suppressor of T cell activation (VISTA). It was anticipated
that leveraging the immune system would be associated with
immune-related adverse events (irAEs) affecting multiple
parts of the body from the thyroid to the joints [2]. The most
serious of the irAEs is myocarditis with a reported mortality
of 25–50% [3–6]. However, ICI-associated myocarditis is
uncommon with an incidence of 1–2% in recent publications
[4]. The cases presented above highlight several important
aspects of myocarditis: the varied clinical presentation,
various modalities used for diagnosis, and evolving
treatments.

3.3.2 Pathophysiology

Malignant cells can evade the immune system by immune
checkpoints which abrogate the activation of immune cells
[7]. T cell activation requires co-stimulation with both
antigen presentation to T cell receptors and activation of
CD28 receptors by B7 molecules on antigen presenting cells
[8, 9]. Immune checkpoints such as CTLA-4 bind to B7
molecules with higher affinity than CD28 receptors and thus
suppress T cell activation [10]. By inhibition of immune
checkpoints or of their ligand, PD-L1, T cells can recognize
tumor cells and attack the cancer. However, releasing the
brakes on the T cell activation can result in unwanted
off-target effects such as T cells attacking normal tissues.
Endomyocardial biopsies of patients with ICI-associated
myocarditis reveal predominantly T cell infiltration of the
myocardium that resembles acute cellular rejection in
transplanted hearts [3, 11]. The proposed mechanism is via
molecular mimicry and shared epitopes between antigens of
tumor cells and substructures of the myocardium [3]. Further
research is needed to confirm this as the mechanism of ICI
cardiotoxicity.

3.3.3 Clinical Presentation

Beyond combination immune therapy, the risk factors for
ICI-associated myocarditis are incompletely understood.
Additional risk factors suggested include age, pre-existing
cardiovascular disease, and hypertension [12, 13]. Patients
with ICI-associated myocarditis present with a myriad of
symptoms and there is a spectrum of clinical presentations
ranging from smoldering to fulminant [3, 14, 15]. Some of
the more common symptoms are non-specific, including
fatigue, dyspnea, and weakness which makes the diagnosis

difficult. Patients may also present in heart failure with
orthopnea, paroxysmal nocturnal dyspnea, and volume
overload or present with chest pain similar to an acute
coronary syndrome [16–19]. The most concerning presen-
tations are those of fulminant myocarditis in which patients
present in shock with hemodynamic instability either from
hypoperfusion due to cardiac failure, complete heart block,
or ventricular tachycardia/sudden cardiac death [3, 18]. Ini-
tial reports of myocarditis suggested that this was a rare
disease occurring in 0.06% of those with monotherapy and
0.27% of those on combination therapy [3]. It is likely that
these were capturing only the fulminant cases of myocarditis
[20]. As recognition of this disease entity has improved, less
severe clinical presentations have been diagnosed as
myocarditis and the incidence has increased to approxi-
mately 1% [4]. Most commonly, myocarditis will occur
within the first 2 months after initiation of ICI, however, late
presentations up to 454 days after starting ICI have been
described [4].

The only established risk factor is the use of combination
ICI therapy as opposed to monotherapy with smaller reports
suggesting the possibility of female sex, obesity, and
increased neutrophil to lymphocyte ratio at baseline as
potentially additional risk factors [3]. It is worth noting that
traditional cardiac risk factors for anthracycline cardiotoxi-
city such as age, hypertension, diabetes, coronary artery
disease, and congestive heart failure do not appear to be risk
factors for developing ICI-associated myocarditis. In addi-
tion, multiple irAE can occur in patients at the same time.
The most common irAE to overlap with ICI-associated
myocarditis are myasthenia gravis and myositis [2], with the
overlap associated with a higher mortality. It can be difficult
to differentiate whether symptoms of dyspnea and fatigue are
due to myocardial involvement of myocarditis versus neu-
romuscular junction or muscle cell involvement of myas-
thenia gravis or myositis.

3.3.4 Diagnosis

The diagnosis of ICI-associated myocarditis is dependent on
a combination of the clinical presentation, laboratory data,
non-invasive imaging, and/or endomyocardial biopsy [11,
21]. Each test has its limitations in making a diagnosis of
myocarditis which will be discussed below. Therefore, a
combination of several tests in addition to the clinical pre-
sentation and ruling out more common cardiac conditions
such as acute coronary syndrome or ischemic heart disease
[19] is necessary prior to making the diagnosis of
ICI-associated myocarditis. Bonaca et al. proposed diag-
nostic criteria for myocarditis in the setting of cancer ther-
apeutics that separated the diagnosis into three categories
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(definite myocarditis, probable myocarditis, or possible
myocarditis) based on combinations of the clinical presen-
tation and diagnostic tests. The criteria include [22]:

1. Definite Myocarditis: presence of at least one of the
following
a. Pathology consistent with myocarditis
b. Diagnostic CMR, clinical syndrome of myocarditis,

and positive biomarker or EKG
c. Echo with wall motion abnormality, clinical syn-

drome of myocarditis, positive biomarker, positive
EKG, and negative angiography for CAD

2. Probable Myocarditis:
a. Diagnostic CMR without clinical syndrome of

myocarditis, positive EKG, or positive biomarker OR
b. Suggestive CMR with one of the following:

i. Clinical syndrome of myocarditis
ii. Positive EKG
iii. Positive biomarker OR

c. Echo with wall motion abnormality and clinical
syndrome of myocarditis with either positive EKG or
biomarker OR

d. Clinical syndrome of myocarditis with PET scan
evidence and no alternative diagnosis

3. Possible Myocarditis
a. Suggestive CMR without clinical syndrome of

myocarditis, positive EKG, or positive biomarker OR
b. Echo with wall motion abnormality and clinical

syndrome of myocarditis or positive EKG OR
c. Elevated biomarker with clinical syndrome of

myocarditis or positive EKG and no alternative
diagnosis.

Laboratory data: Cardiac biomarkers such as troponin-I
and troponin-T are typically elevated in cases of myocarditis.
Elevations in troponin have prognostic value, as Mahmood
et al. showed that troponin-T values above 1.5 g/dL were
associated with a fourfold increased risk of major adverse
cardiovascular events [4]. Elevations in troponin are
non-specific findings and more common causes such as
acute coronary syndrome and demand ischemia due to sep-
sis, for example, must be excluded prior to making the
diagnosis of ICI-associated myocarditis. Troponin-I is pre-
ferred over troponin-T due to cross-reactivity of troponin-T
with skeletal muscle [22]. Often creatinine kinase (CK) and
creatinine kinase-muscle/brain (CK-MB) are also elevated
during myocarditis; however, given the overlap with
myositis and myasthenia gravis, additional workup for these
irAEs should be considered when significant elevations are
observed in CK and CK-MB out of proportion to troponin
elevation. Some institutions have implemented routine car-
diac biomarker surveillance strategies during ICI therapy;

however, it is unknown whether there is benefit to per-
forming such surveillance due to the low incidence of
myocarditis. Chuy et al. attempted this strategy in 76 patients
with weekly biomarker surveillance for the first 6 weeks
after starting ICI but no cases of myocarditis were observed
[23]. Baseline troponin values have not been shown to be
predictive of ICI myocarditis but can be helpful as a com-
parison if symptoms develop and there is suspicion of
myocarditis after initiation of ICI [4].

Electrocardiogram: Various electrocardiogram (EKG)
abnormalities have been described in patients presenting
with ICI-associated myocarditis. The most concerning EKG
findings that warrant immediate intervention and workup
include advanced atrioventricular block and ventricular
tachycardia or increased runs of non-sustained ventricular
tachycardia/premature ventricular complexes. These abnor-
malities have been described in fulminant myocarditis and
carry a high mortality [3]. Of course, other more common
causes of these arrhythmias may need to be excluded. More
subtle EKG changes such as prolonging PR or QRS intervals
can be harbingers of myocarditis and patients with these
changes should have a myocarditis workup performed. After
admission for suspected myocarditis, it is common to place
patients on telemetry to monitor for arrhythmias that may
occur early in the disease course. Baseline EKGs are not
predictive of subsequent myocarditis events [4] and similar
to cardiac biomarkers, EKG surveillance strategies are of
unknown benefit due to the low incidence of myocarditis
[23].

Echocardiograms: Typically, with viral myocarditis, a
dilated cardiomyopathy is observed. With ICI-associated
myocarditis patients can present with preserved or reduced
left ventricular ejection fraction [21]. Mahmood et al.
described 51% of patients presenting with preserved left
ventricular ejection fraction, but despite maintaining a nor-
mal left ventricular ejection fraction 38% developed major
adverse cardiovascular events [4]. Supporting findings of
ICI-associated myocarditis on echocardiograms include the
development of a pericardial effusion and a reduction in
global longitudinal strain [21]. Similar to electrocardio-
grams, the baseline echocardiogram before the start of ICI
therapy has not been predictive of subsequent ICI-associated
myocarditis [4]. In contrast to anthracycline cardiotoxicity, a
depressed left ventricular ejection fraction is not necessarily
a contraindication to ICI therapy.

Cardiac Magnetic Resonance Imaging: The best
non-invasive diagnostic test for myocarditis is cardiac
magnetic resonance imaging (CMR) because of its superior
ability to characterize tissue. In the setting of viral
myocarditis, CMR has shown good correlation with
endomyocardial biopsy results [18]. The updated Lake
Louise criteria are used for the CMR diagnosis of
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myocarditis and apply a combination of myocardial edema
and fibrosis [24]:

1. Main criteria (2 out of 2): If both myocardial edema and
non-ischemic myocardial injury are identified, then CMR
is highly suggestive of myocarditis with greater speci-
ficity. Having only one main criterion may still support
the diagnosis of myocarditis in the correct clinical
setting.
a. Myocardial edema:

i. Abnormal findings in T2 mapping or T2-weighted
images

b. Non-ischemic myocardial injury:
i. Abnormal findings on T1, LGE, or ECV

2. Supportive criteria (Helpful, suggestive, not definitive):
a. Pericarditis

i. Evidence of pericardial effusion, or abnormal
LGE/T2 or T1 findings in pericardium

b. Left ventricular systolic dysfunction
i. Regional or global wall motion abnormalities.

The correlation of CMR with endomyocardial biopsy in
ICI-associated myocarditis is not robust. Zhang et al. found
that in 103 patients with known ICI myocarditis and CMR
studies, only 48% had late gadolinium enhancement. The
presence of late gadolinium enhancement was found more
commonly if the CMR was performed greater than 4 days
after admission [11]. A limitation of this study was the lack
of parametric mapping. While it has its limitations, CMR
remains the best non-invasive diagnostic test for
ICI-associated myocarditis and can make a definitive diag-
nosis of myocarditis when used in combination with the
clinical presentation and/or cardiac biomarkers.

Endomyocardial biopsy: The gold standard diagnostic
test for myocarditis is endomyocardial biopsy. The patho-
logic diagnosis is based on the Dallas Criteria which require
the presence of inflammatory infiltrate and myocyte necrosis
[25]. Immunohistochemical staining of the inflammatory
infiltrate has shown a predominant T cell infiltration with
CD8+ and CD4+ inflammatory cells, however, myeloid cells
with CD68+ inflammatory cells have also been observed [3,
26]. There are reports of an antibody-mediated component
with peri-capillary C4d+ staining which is seen in heart
transplant antibody-mediated rejection [27]. It is recom-
mended to obtain 4–6 biopsy samples due to the patchy
nature of myocarditis and sampling error when obtaining
biopsies [25]. The most common site for endomyocardial
biopsy is the right ventricular septal wall. Despite obtaining
4–6 biopsy samples, ICI-associated myocarditis can have
focal involvement of the myocardium, and if the right ven-
tricular septal wall is not involved, then the biopsy will be
negative. In addition, endomyocardial biopsies are

performed at specialized centers with experience in this
procedure and while generally safe do have a risk of major
complications such as right ventricular laceration. Patients
with cancer also can have thrombocytopenia which limits the
ability to perform this invasive procedure.

3.3.5 Treatment

The mainstay of treatment for ICI-associated myocarditis is
glucocorticoids [28]. It has been shown that early initiation
of high dose glucocorticoids results in lower major adverse
cardiovascular events [4, 29]. Guidelines recommend high
dose steroids, at least 1–2 mg/kg/day of prednisone but
many centers initiate pulse dose methylprednisolone at 500–
1000 mg/day for 3 days followed by an oral steroid taper
depending on the clinical response. Various tapers have been
suggested, but the American Society of Clinical Oncology
clinical practice guidelines recommend a taper over at least
4–6 weeks [28]. If clinical deterioration continues despite
corticosteroids, then other immunomodulators have been
shown to have varying success in case reports. These include
mycophenolate [30], antithymocyte globulin [31], intra-
venous immunoglobulin [30], plasmapheresis [32], inflix-
imab [32], alemtuzumab [33], and abatacept [34]. Given the
high mortality of ICI-associated myocarditis, it is recom-
mended to permanently discontinue ICI therapy after an
episode of myocarditis [28].

3.4 Conclusion

With the increasing use of ICIs for cancer treatment, it is
necessary for oncologists, general cardiologists, and
cardio-oncologists to work together to promptly diagnose
and treat ICI-associated myocarditis. Understanding the
various benefits and limitations of available diagnostic tests
and their use in combination with the clinical presentation
will help guide the diagnosis and the treatment. Ongoing
research will help to better standardize treatment regimens
and societal guideline recommendations.

Funding
This work was supported by National Institutes of Health/
National Heart, Lung, Blood Institute [T32HL076136,
R01HL137562, R01HL130539, K24HL150238 to T.N.].
Dr. T. Neilan is also supported, in part, through a kind gift
from A. Curtis Greer and Pamela Kohlberg.

Disclosures TGN reports acting as a consultant for Parexel, AbbVie,
H3 Biomedicine, and Intrinsic Imaging, unrelated to the current
research. TGN was in a scientific advisory board for Bristol Myer
Squibb related to myocarditis from immune checkpoint inhibitors.

36 N. L. Palaskas et al.



References

1. Postow MA, Callahan MK, Wolchok JD. Immune checkpoint
blockade in cancer therapy. J Clin Oncol. 2015;33(17):1974–82.

2. Wang DY, Salem J-E, Cohen JV, Chandra S, Menzer C, Ye F,
et al. Fatal toxic effects associated with immune checkpoint
inhibitors: a systematic review and meta-analysis fatal toxic effects
associated with immune checkpoint inhibitors fatal toxic effects
associated with immune checkpoint inhibitors. JAMA Oncol.
2018;4(12):1721–8.

3. Johnson DB, Balko JM, Compton ML, Chalkias S, Gorham J,
Xu Y, et al. Fulminant myocarditis with combination immune
checkpoint blockade. N Engl J Med. 2016;375(18):1749–55.

4. Mahmood SS, Fradley MG, Cohen JV, Nohria A, Reynolds KL,
Heinzerling LM, et al. Myocarditis in patients treated with immune
checkpoint inhibitors. J Am Coll Cardiol. 2018;71(16):1755–64.

5. Moslehi JJ, Salem JE, Sosman JA, Lebrun-Vignes B, Johnson DB.
Increased reporting of fatal immune checkpoint inhibitor-
associated myocarditis. Lancet. 2018;391(10124):933.

6. Salem JE, Manouchehri A, Moey M, Lebrun-Vignes B, Bas-
tarache L, Pariente A, et al. Cardiovascular toxicities associated
with immune checkpoint inhibitors: an observational, retrospective,
pharmacovigilance study. Lancet Oncol. 2018;19(12):1579–89.

7. Sharma P, Allison JP. The future of immune checkpoint therapy.
Science (New York, NY). 2015;348(6230):56–61.

8. Schumacher TN, Schreiber RD. Neoantigens in cancer
immunotherapy. Science (New York, NY). 2015;348(6230):69–74.

9. Greenwald RJ, Freeman GJ, Sharpe AH. The B7 family revisited.
Annu Rev Immunol. 2005;23:515–48.

10. Linsley PS, Greene JL, Tan P, Bradshaw J, Ledbetter JA,
Anasetti C, et al. Coexpression and functional cooperation of
CTLA-4 and CD28 on activated T lymphocytes. J Exp Med.
1992;176(6):1595–604.

11. Zhang L, Awadalla M, Mahmood SS, Nohria A, Hassan MZO,
Thuny F, et al. Cardiovascular magnetic resonance in immune
checkpoint inhibitor-associated myocarditis. Eur Heart J. 2020;41
(18):1733–43.

12. Awadalla M, Golden DLA, Mahmood SS, Alvi RM, Mercaldo ND,
Hassan MZO, et al. Influenza vaccination and myocarditis among
patients receiving immune checkpoint inhibitors. J Immunother
Cancer. 2019;7(1):53.

13. Oren O, Yang EH, Molina JR, Bailey KR, Blumenthal RS,
Kopecky SL. Cardiovascular health and outcomes in cancer
patients receiving immune checkpoint inhibitors. Am J Cardiol.
2020;125(12):1920–6.

14. Norwood TG, Westbrook BC, Johnson DB, Litovsky SH, Terry NL,
McKee SB, et al. Smoldering myocarditis following immune
checkpoint blockade. J Immunother Cancer. 2017;5(1):91.

15. Matson DR, Accola MA, Rehrauer WM, Corliss RF. Fatal
myocarditis following treatment with the PD-1 inhibitor nivolu-
mab. J Forensic Sci. 2018;63(3):954–7.

16. Laubli H, Balmelli C, Bossard M, Pfister O, Glatz K, Zippelius A.
Acute heart failure due to autoimmune myocarditis under pem-
brolizumab treatment for metastatic melanoma. J Immunother
Cancer. 2015;3:11.

17. Tadokoro T, Keshino E, Makiyama A, Sasaguri T, Ohshima K,
Katano H, et al. Acute lymphocytic myocarditis with anti-PD-1
antibody Nivolumab. Circ Heart Fail. 2016;9(10).

18. Caforio AL, Pankuweit S, Arbustini E, Basso C, Gimeno-Blanes J,
Felix SB, et al. Current state of knowledge on aetiology, diagnosis,
management, and therapy of myocarditis: a position statement of
the European society of cardiology working group on myocardial

and pericardial diseases. Eur Heart J. 2013;34(33):2636–48, 48a–
48d.

19. Drobni ZD, Alvi RM, Taron J, Zafar A, Murphy SP, Rambarat PK,
et al. Association between immune checkpoint inhibitors with
cardiovascular events and atherosclerotic plaque. Circulation. 2020.

20. Neilan TG, Rothenberg ML, Amiri-Kordestani L, Sullivan RJ,
Steingart RM, Gregory W, et al. Myocarditis associated with
immune checkpoint inhibitors: an expert consensus on data gaps
and a call to action. Oncologist. 2018;23(8):874–8.

21. Awadalla M, Mahmood SS, Groarke JD, Hassan MZO, Nohria A,
Rokicki A, et al. Global longitudinal strain and cardiac events in
patients with immune checkpoint inhibitor-related myocarditis.
J Am Coll Cardiol. 2020;75(5):467–78.

22. Bonaca Marc P, Olenchock Benjamin A, Salem J-E, Wiviott
Stephen D, Ederhy S, Cohen A, et al. Myocarditis in the setting of
cancer therapeutics. Circulation. 2019;140(1):80–91.

23. Lee Chuy K, Oikonomou EK, Postow MA, Callahan MK,
Chapman PB, Shoushtari AN, et al. Myocarditis surveillance in
patients with advanced melanoma on combination immune
checkpoint inhibitor therapy: the memorial Sloan Kettering cancer
center experience. Oncologist. 2019;24(5):e196–7.

24. Ferreira VM, Schulz-Menger J, Holmvang G, Kramer CM,
Carbone I, Sechtem U, et al. Cardiovascular magnetic resonance
in nonischemic myocardial inflammation: expert recommenda-
tions. J Am Coll Cardiol. 2018;72(24):3158–76.

25. Aretz HT, Billingham ME, Edwards WD, Factor SM, Fallon JT,
Fenoglio JJ, Jr., et al. Myocarditis. A histopathologic definition
and classification. Am J Cardiovasc Pathol. 1987;1(1):3–14.

26. Ji C, Roy MD, Golas J, Vitsky A, Ram S, Kumpf SW, et al.
Myocarditis in cynomolgus monkeys following treatment with immune
checkpoint inhibitors. Clin Cancer Res. 2019;25(15):4735–48.

27. Balanescu DV, Donisan T, Palaskas N, Lopez-Mattei J, Kim PY,
Buja LM, et al. Immunomodulatory treatment of immune check-
point inhibitor-induced myocarditis: pathway toward
precision-based therapy. Cardiovasc Pathol. 2020;47:107211.

28. Brahmer JR, Lacchetti C, Schneider BJ, Atkins MB, Brassil KJ,
Caterino JM, et al. Management of immune-related adverse events
in patients treated with immune checkpoint inhibitor therapy:
American society of clinical oncology clinical practice guideline.
J Clin Oncol. 2018;36(17):1714–68.

29. Zhang L, Zlotoff DA, Awadalla M, Mahmood SS, Nohria A,
Hassan MZO, et al. Major adverse cardiovascular events and the
timing and dose of corticosteroids in immune checkpoint
inhibitor-associated myocarditis. Circulation. 2020;141(24):2031–4.

30. Arangalage D, Delyon J, Lermuzeaux M, Ekpe K, Ederhy S,
Pages C, et al. Survival after fulminant myocarditis induced by
immune-checkpoint inhibitors. Ann Intern Med. 2017;167(9):683–4.

31. Tay RY, Blackley E, McLean C, Moore M, Bergin P, Gill S, et al.
Successful use of equine anti-thymocyte globulin (ATGAM) for
fulminant myocarditis secondary to nivolumab therapy. Br J
Cancer. 2017;117(7):921–4.

32. Frigeri M, Meyer P, Banfi C, Giraud R, Hachulla AL, Spoerl D,
et al. Immune checkpoint inhibitor-associated myocarditis: a new
challenge for cardiologists. Can J Cardiol. 2018;34(1):92.e1–.e3.

33. Esfahani K, Buhlaiga N, Thebault P, Lapointe R, Johnson NA,
Miller WH Jr. Alemtuzumab for immune-related myocarditis due
to PD-1 therapy. N Engl J Med. 2019;380(24):2375–6.

34. Salem J-E, Allenbach Y, Vozy A, Brechot N, Johnson DB,
Moslehi JJ, et al. Abatacept for severe immune checkpoint
inhibitor-associated myocarditis. N Engl J Med. 2019;380
(24):2377–9.

3 Immune Checkpoint Inhibitor (ICI)-Associated Myocarditis 37



4Cardiovascular Events After Chimeric
Antigen Receptor T-Cell Therapy

Lauren Balkan and Syed S. Mahmood

Key Points

• Chimeric antigen receptor (CAR) T-cells are a genetically
modified autologous T-cell immunotherapy FDA
approved to treat certain lymphomas and leukemias.

• Major adverse events following CAR T-cell
immunotherapy include cytokine release syndrome
(CRS) and neurological toxicity.

• CRS is a clinical syndrome of fever, hypotension, and
hypoxia.

• Cardiovascular events may be due to poor cardiac reserve
at baseline with an inability to compensate for the
increased stress of cytokine release.

4.1 Introduction

Chimeric antigen receptor (CAR) T-cells are a genetically
modified autologous T-cell immunotherapy and are Food
and Drug Administration (FDA) approved to treat certain
lymphomas and leukemias. The indications for CAR T-cells
are expected to continue expanding, but presently all four
FDA-approved agents (axicabtagene ciloleucel, tisagenle-
cleucel, brexucabtagene autoleucel, lisocabtagene mar-
aleucel) are CD-19-directed. Cardio-oncologists should
familiarize themselves with surveillance strategies for

cardiovascular events following CAR T-cell therapy, given
the risk for de novo arrhythmia and heart failure.

CARs are artificial proteins consisting of both antigen
recognition and T-cell signaling domains [1, 2]. Manufac-
turing CAR T-cells can take up to several weeks. Host
T-cells are obtained via leukapheresis, and are then geneti-
cally altered ex vivo to express the CAR, allowing them to
attack cancer cells that express the target antigen [1, 3]. The
patient undergoes lymphodepletion using cytotoxic
chemotherapy, and infusion with newly created CAR
T-cells.

Major adverse events following CAR T-cell immunother-
apy include cytokine release syndrome (CRS) and neurolog-
ical toxicity, both of which have prompted an FDA black box
warning [4, 5]. CRS is a clinical syndrome of fever,
hypotension, and hypoxia categorized into four grades based
on severity (Table 4.1) [6]. Hemodynamic perturbance seen
with CRS requires adequate cardiac reserve and is associated
with marked elevations of serum cytokine levels [2]. Major
adverse cardiovascular events associated with CRS include de
novo arrhythmia, heart failure, and cardiac death [1, 7]. The
event rate for new arrhythmias is 6.5 per 100 patients years,
while that for both newonset heart failure and for cardiac death
is 5.6 per 100 patients years among CD-19 targeting CAR
T-cell recipients [1]. Baseline creatinine and grade >2CRS are
independently associated with cardiovascular events among
CD-19 targeting CAR T-cell recipients [7]. The pathophysi-
ology of CAR T-cell induced cardiovascular adverse events is
not fully understood. One possibility is off target effects such
as when CAR T-cells targeting titin resulted in cardiogenic
shock and death in the two recipients [8]. In other cases, car-
diovascular events are likely due to poor cardiac reserve at
baseline with an inability to compensate for the increased
stress of cytokine release. Both interleukin-6 (IL-6) and tumor
necrosis factor-a have been implicated in myocardial dys-
function in inflammatory shock [9, 10]. Tocilizumab is an
anti-IL-6-receptor antagonist that is FDA approved to manage
severe CRS, and may also mitigate cardiovascular toxicity of
CAR T-cells [11]. In a registry of 137 CD-19 targeting CAR
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T-cell recipients, a shorter time from cytokine release syn-
drome onset to tocilizumab therapy was associated with a
lower rate of cardiovascular events [1]. In particular, 95% of
cardiac events were noted in patients who had a troponin
elevation, and this biomarker may help identify candidates for
early tocilizumabwho are experiencingCRS [1]. Randomized
controlled trials are needed to delineate the optimal treatment
strategy for CAR T-cell-related cardiotoxicity.

4.2 Case 1

New onset atrial flutter on day three post CAR T-cell infu-
sion in the setting of grade 3 CRS.

– De novo arrhythmias may occur in up to 12% of CAR
T-cell recipients experiencing CRS grade � 2 [1].

– Tocilizumab has been associated with a lower rate of
major adverse cardiovascular events including atrial fib-
rillation, based on a registry cohort [1].

A 59-year-old man without known cardiovascular disease
presented for CD-19 targeting CAR T-cell therapy for dif-
fuse large B-cell lymphoma (DLBCL) that had been previ-
ously treated with multiple chemotherapy regiments
including R-EPOCH. His baseline ECG was normal
(Fig. 4.1). On day three post infusion, the patient developed
grade 3 CRS, as well as new onset atrial flutter requiring rate
control with beta-blockers and calcium channel blockers
(Fig. 4.2). Tocilizumab was administered the same day. His
transthoracic echocardiogram showed a normal left ventric-
ular ejection fraction, and he was deemed not to require

anti-coagulation based on low CHA2DS2VASc score. By
day five post infusion he returned to normal sinus rhythm.
On out-patient follow-up two months later he remained in
normal sinus rhythm.

4.3 Case 2

Newly reduced left ventricular ejection fraction following
CAR T-cell therapy resulting in cardiogenic shock.

– New onset heart failure may occur in up to 11% of CAR
T-recipients experiencing CRS grade � 2 [1].

– Elevated troponin may identify patients at risk for adverse
cardiovascular events [1].

– Following CRS onset, the cardiovascular event risk
increased 1.7-fold with each 12-hour delay to the admin-
istration of tocilizumab, based on a registry cohort [1].

A 75-year-old man with hypertension and atrial fibrillation
presented with relapsed refractory DLBCL previously treated
with multiple lines of therapy including R-CHOP and
R-DHAX. A pretreatment echocardiogram showed a left
ventricular ejection fraction of 55% (Fig. 4.3, Video 4.1).
The patient underwent infusion of CD-19 targeting CAR
T-cells. On day 12 post infusion he developed grade 4 CRS,
and a repeat echocardiogram showed a decrease in left ven-
tricular ejection fraction to 32% (Fig. 4.4, Video 4.2). Car-
diac biomarkers revealed an elevation in B-natriuretic peptide
to 1,016 pg/mL, and troponin-I to 1.59 ng/mL. The patient
was treated with tocilizumab and increasing doses of pressors
which were ultimately ineffective and the patient expired.

Table 4.1 American society for
transplantation and cellular
therapy grading system for
cytokine release syndrome

Grade
1

Grade 2 Grade 3 Grade 4

Fever
Temperature � 38 °C
with or without
constitutional
symptoms

+ + + +

With

Hypotension − +
Without
need for
vasopressors

+
Requiring one
vasopressor without
vasopressin

+
Requiring multiple
vasopressors
(excluding
vasopressin)

And/or

Hypoxia − +
Requiring
nasal
cannula
<6L/min

+
Requiring supplemental
oxygen >6L/min without
positive pressure

+
Requiring positive
pressure ventilation

(From Lee et al. [6]; with permission from Elsevier)
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Fig. 4.1 Baseline electrocardiogram of patient showing normal sinus rhythm without evidence of atrial flutter

Fig. 4.2 On day 3 post CAR T-cell infusion, the patient developed new onset, symptomatic atrial flutter which resolved with tocilizumab
treatment
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Diastole Systole

Fig. 4.3 Echocardiographic images in diastole and systole prior to CAR T-cell treatment showing normal systolic function

Diastole Systole

Fig. 4.4 Echocardiographic images in diastole and systole acquired while the patient experienced grade 4 CRS showing marked deterioration in
systolic ventricular function compared with baseline
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5Introduction to Tyrosine Kinase Inhibitors:
Pazopanib Cardiotoxicity

David P. Dundua, Ana G. Kedrova, Ekaterina V. Plokhova,
Elena A. Zvezdkina, and Olga A. Drobiazko

Key Points

• The understanding of the role of dysregulated tyrosine
kinases in cancer has produced a literal explosion in
approaches to cancer treatment.

• Multikinase inhibition, although effective for cancer
control, increases the likelihood of cardiovascular
toxicity.

• TKIs used in cancer care have been associated with heart
failure, arterial and venous vascular toxicities including
myocardial ischemia and infarction, systemic and pul-
monary hypertension, pulmonary embolism, peripheral
vascular disease, thrombosis, QT prolongation,ventricular
arrhythmias, and atrial fibrillation.

5.1 Introduction

Tyrosine kinases are mediators of critical signal transduction
processes, leading to cell proliferation, differentiation,
migration, metabolism, and programmed cell death. Using
adenosine triphosphate, these enzymes catalyze phosphory-
lation of tyrosine residues in target proteins. They are pri-
marily classified as either receptor tyrosine kinase, e.g.,
endothelial growth factor receptor (EGFR) or non-receptor
tyrosine kinase, e.g., ABL. Tyrosine kinases are implicated
in several steps of neoplastic development and progression.
Normally the level of cellular tyrosine kinase phosphoryla-
tion is tightly controlled by the antagonistic effects of tyr-
osine kinases and tyrosine phosphatases. There are several
mechanisms by which the normal homeostasis might be
transformed, but the ultimate result is the constitutive acti-
vation of normally controlled pathways leading to the acti-
vation of other signaling proteins and secondary messengers
which in turn initiate and perpetuate cancer development by
hampering regulatory functions in cellular responses like cell
division, growth, and cell death [1].

The understanding of the role of dysregulated tyrosine
kinases in cancer has produced a literal explosion in
approaches to cancer treatment through the development of
tyrosine kinase inhibitors (TKI) in the form of monoclonal
antibodies and small molecules. Ideally, these TKIs should
only inhibit the dysfunctional tyrosine kinase driving the
cancer. However, many TKIs are multi-kinase inhibitors by
virtue of targeting the adenosine triphospate (ATP) pocket
which is a commonly shared feature among TKIs.
Multi-kinase inhibition, although effective for cancer con-
trol, increases the likelihood of cardiovascular toxicity [2].
With the success of these agents has come the realization
that recognizing and managing cardiovascular toxicity is
essential if these drugs are to realize their potential. TKIs
used in cancer care have been associated with heart failure ,
arterial and venous vascular toxicities including myocardial
ischemia and infarction, systemic and pulmonary hyper-
tension, pulmonary embolism, peripheral vascular disease,
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thrombosis, QT prolongation, ventricular arrhythmias , and
atrial fibrillation [2, 3].

In this atlas, it is not possible to effectively illustrate all
the reported cardiovascular effects of TKIs. The cases in this
chapter and the chapters that follow illustrate the effective-
ness of TKIs as anticancer agents, their adverse effects on the
cardiovascular system, and the thoughtful risk/benefit com-
promises that are the cornerstones of best practices in cardio
oncology.

Soft tissue sarcoma (STS) is an uncommon malignant
disease represented in less than 1% of diagnosed malig-
nancies in the Western world [4]. Although STS may occur
anywhere in the human body it most often can be found in
the extremities and chest wall. Treatment of STS includes
surgical resection of the tumor with adjuvant and neoadju-
vant therapy with anthracyclines, radiation, or both [5].
Long-term survival is quite stable after timely administered
combination therapy, the mean metastasis-free survival
being 11 years [6]. But synovial sarcoma may grow slowly
and can be associated with late metastases after more than
10 years [7]. Pazopanib is an oral medication active against
many kinases by virtue of its ability to inhibit ATP-mediated
phosphorylation. It has exhibited inhibition of vascular
endothelial growth factors (VEGFR-1, -2, and -3),
platelet-derived growth factor receptors (PDGFR-a and -b),
fibroblast growth factor receptors (FGFR-1 and -3), stem cell
factor receptor (c-Kit), interleukin-2 receptor-inducible
T-cell kinase (Itk), leukocyte-specific protein tyrosine
kinase (Lck), and transmembrane glycoprotein receptor
tyrosine kinase (sc-Fms). Pazopanib has been shown to be
effective for the treatment of advanced renal cell carcinoma
and advanced soft tissue sarcoma in patients previously
treated with chemotherapy earning FDA approval for these
indications [8].

A common cardiovascular side effect of the drug is the
induction of hypertension [8, 9]. In patients who had sys-
tematic left ventricular ejection fraction (LVEF) assessment,
myocardial dysfunction may occur in up to 11%, although
congestive heart failure is very rare and is evident in about
0.5% of patients treated with this drug. When cardiotoxicity
is related to pazopanib, interruption or dose reduction is
usually required [8].

5.2 Case

Pazopanib: Cardiotoxicity during pazopanib treatment in a
patient with a sarcoma metastatic to the mediastinum.

A 33-year-old woman was referred to the cardio-
oncology service for the evaluation of right-sided heart
failure. She first presented with a synovial sarcoma of the
middle third of the diaphysis of the left tibia in 2006. Two
courses of neoadjuvant chemotherapy with doxorubicin and

cisplatin were administered, followed by amputation of the
distal third of left thigh. She then received four courses of
adjuvant chemotherapy with doxorubicin, ifosfamide,
Mesna, and dacarbazine administered from 2006 until 2007.
The anthracycline infusions were accompanied by dexra-
zoxane for cardiac protection because the total dose of
doxorubicin well exceeded 450 mg/m2. The patient was free
of relapses, became pregnant in 2008, and delivered a
healthy child in 2009. She was stable for 7 years. However,
progression of disease was noted on a surveillance chest CT
performed August 2016 with metastases in the left lung and
tumor growth in the mediastinum. Extended lower left
lobectomy with resection of pericardial segments was per-
formed in March 2017. The tumor material was typical for
synovial sarcoma. In the postoperative period, four courses
of adjuvant chemotherapy were administered according to
the IE-VAC regimen (includes anthracyclines).

The patient presented to the cardio-oncology service with
right heart failure manifest as jugular vein distention, ankle
edema, ascites, and massive left hemothorax in September
2018. She was found to have a large and metabolically
active mediastinal tumor on chest CT (Fig. 5.1) and PET CT
(Fig. 5.2). Compression of the right branch of main pul-
monary artery (Fig. 5.3) with right ventricular and right
atrial dilatation also noted on contrast CT angiography
(Fig. 5.4). Chest MRI demonstrated that the whole heart was
surrounded by the tumor (Fig. 5.5).

Echocardiography (not shown) revealed right ventricular
(RV) and right atrial dilatation, a pulmonary artery
(PA) trans stenotic gradient of 70 mmHg with LVEF of
46%. Surgical treatment and percutaneous balloon angio-
plasty for PA stenosis was discussed by a multidisciplinary

Fig. 5.1 CT pulmonary angiogram (coronal plane) shows a tumor
(arrows) surrounding the heart and large vessels
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team but was rejected as a therapeutic option because of the
high risk and frankly unknown efficacy. Therapy with the
tyrosine kinase inhibitor pazopanib was chosen.

After left thoracentesis pazopanib 800 mg once daily and
spironolactone 100 mg daily were started in September 2018.
Alleviation of peripheral edema and symptomatic improve-
ment was achieved over three weeks of observation.
Echocardiography in December 2018 revealed reduction of
the PA gradient, the estimated PA pressure dropped to
30 mmHg and the right PA artery compression disappeared
(Fig. 5.6). However as the RV size returned toward normal,
the LV became dilated and globular on contrast CT (Fig. 5.7)
confirmed by subsequent echocardiography where the LVEF
was measured at 25%. Low dose enalapril and bisoprolol
were started with gradual dose escalation. The dilated

cardiomyopathy was attributed to pazopanib therapy in the
setting of pretreatment with high doses of anthracyclines.
Pazopanib dose interruption was deemed inappropriate since
it was a very effective anti-tumor option for this patient. The
drug was continued but at a reduced dose of 400 mg daily.

Further reduction of mediastinal tumor metabolism was
documented on PET CT at the end of January 2019
(Fig. 5.8). LVEF by echocardiography improved up to 40%.
The daily dose of pazopanib was increased back again to

Fig. 5.2 PET-CT demonstrating a large tumor with active metabolism
before treatment

Fig. 5.3 Left panel: CT
pulmonary angiogram before
treatment with pazopanib: Severe
right pulmonary artery
(PA) stenosis. Right panel: 3D
reconstruction of heart and great
vessels. Severe right pulmonary
artery obstruction (arrow)

RA

LA

Fig. 5.4 CT contrast angiography—right ventricular (RV) dilatation.
RV dimension exceeds the left ventricular (LV) dimension
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800 mg/day without significant adverse effects. The cardiac
status of the patient was stable for 10 months while on
cardioprotective therapy.

Unfortunately, her condition worsened at the end of
August 2019 with further spread of the disease and tumor

ingrowth into the right atrium (Fig. 5.9, Video 5.1). Anti-
coagulation was started as pulmonary embolism prophylaxis
but was complicated by an intracranial hemorrhage associ-
ated with brain metastases. She underwent emergency
evacuation of an intracranial hematoma but was left with a
residual focal neurologic deficit. Four weeks later in
September 2019 the patient died while in palliative care.

Fig. 5.5 Chest MRI (diffusion weighted imaging) of the patient
demonstrating the tumor embracing the heart and great vessels

Fig. 5.6 CT pulmonary angiogram after 8 months of pazopanib
treatment shows alleviation of the right pulmonary artery obstruction

Fig. 5.7 CT contrast angiography after 8 months of pazopanib
treatment demonstrating dramatic reduction in right ventricular size
but the left ventricle is somewhat dilated and globular

Fig. 5.8 PET-CT after eight months of pazopanib shows reduction in
the size and metabolism of the sarcoma
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5.3 Conclusion

Pazopanib is an effective TKI for soft tissue sarcoma.
Although hypertension is common, other cardiotoxic effects
of pazopanib are rare and likely related to prior cardiotoxic
treatments and abnormal ventricular function at the begin-
ning of therapy. With an abnormal pretreatment LVEF and
further reduction during pazopanib treatment, dose reduction
or interruption of the TKI is indicated. In this instance,
treatment with guideline directed medical therapy for left
ventricular dysfunction stabilized the patient and allowed for
continued anti-cancer therapy.
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6Tyrosine Kinase Inhibitors: Arrhythmias
and Coagulopathy

Osnat Itzhaki Ben Zadok and Zaza Iakobishvili

Ibrutinib, a potent Bruton tyrosine kinase inhibitor, is an
effective treatment for hematological malignancies including
chronic lymphocytic leukemia, Waldenstrom’s macroglob-
ulinemia, mantle cell lymphoma, marginal zone lymphoma,
and chronic graft versus host disease. However, it is asso-
ciated with an increased incidence of atrial fibrillation/atrial
flutter (AF) and bleeding [1, 2]. According to meta-analysis
by Yun et al. [3] ibrutinib treatment was associated with a
significantly higher incidence of serious AF (3.03% vs.
0.80%, RR = 3.80, 95% confidence interval [CI] = 1.56–
9.29, P = 0.003), all-grade AF (8.18% vs. 0.93%,
RR = 8.81, 95% CI = 2.70–28.75, P = 0.0003), and
all-grade bleeding (4.85% vs. 1.55%, RR = 2.93, 95%
CI = 1.14–7.52, P = 0.03) compared to control treatments.

Management of AF/flutter due to ibrutinib is challenging
because of interaction with drugs used for rate control
(calcium channel blockers and digoxin), rhythm control
(amiodarone), and anti-coagulation [4]. Amiodarone use
with ibrutinib may elevate ibrutinib plasma levels and has
been associated with acute elevation of left ventricular filling
pressures with resultant heart failure [5].

Case report: A 65-year-old man diagnosed with chronic
lymphocytic leukemia (CLL) and treated with ibrutinib

presented to the emergency department due to symptomatic
atrial flutter with a rapid ventricular response (130 per
minute) (Fig. 6.1). The patient previously was treated with
propafenone and atenolol without anticoagulation
(CHA2DS2VASC score 1). As he was unresponsive to the
initial treatment with parenteral amiodarone (2 doses of
150 mg intravenous), synchronized electrical cardioversion
was performed with a return to sinus rhythm. Due to pro-
found thrombocytopenia, radiofrequency ablation of the
isthmus was felt unsafe and amiodarone oral loading
(1200 mg per day for 7 days) was prescribed for rhythm
control. After 6 days he was admitted with new-onset mild
heart failure (dyspnea, jugular vein distention) despite
maintaining sinus rhythm at 65 beats per minute. Echocar-
diography showed new-onset elevated left ventricular filling
pressure according to E/A ratio of more than 2 and charac-
teristic S < D pattern of pulmonary vein flow (Fig. 6.2).
With temporary discontinuation of amiodarone and treat-
ment with low dose oral furosemide heart failure improved
and ibrutinib was restarted. As the patient had a
CHA2DS2-VASC score of 1, platelet count of 60,000/ml,
and increased bleeding tendency associated with ibrutinib—
a decision was made not to initiate anticoagulation.
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Fig. 6.1 Electrocardiogram showing atrial flutter with rapid ventricular response (130 beats/minute)

Fig. 6.2 Left panel showing mitral inflow pulse Doppler tracing demonstrating elevated LV filling pressures (E/A ratio = 2.3), which is confirmed
on the right panel showing pulmonary vein pulse Doppler (S < D)
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7Vascular Toxicity of Tyrosine Kinase
Inhibitors: Peripheral Vascular and Coronary
Artery Disease

Joerg Herrmann

Key Points

• Nilotinib and ponatinib stand out as tyrosine kinase inhi-
bitors (TKIs) associated with peripheral vascular disease.

• Interference with vascular endothelial growth factor
(VEGF) signaling is thought to be a common patho-
physiological mechanism.

• A comprehensive cardiovascular assessment should be
conducted before, during and after therapy with docu-
mentation of the peripheral pulse status and ideally the
ankle-brachial index (ABI).

7.1 Introduction

Historically, most of the attention regarding cardiovascular
diseases among cancer patients has been directed towards
cardiac dysfunction [1, 2]. This is not to say that vascular
disease has not been recognized in this patient population
but incidence rates and implications had been deemed not as
severe. This changed with the introduction of targeted
therapies, especially those targeting the vascular endothelial
growth factor (VEGF) signaling pathway, which brought the
profound impact of any meddling with the vasculature to
broader attention. This very topic reached another milestone
with the reported outcomes for tyrosine kinase inhibitors that
target Bcr-Abl (less so for agents targeting the EGF receptor,
c-Met and MEK) [1, 2].

Indeed, the Bcr-Abl inhibitors, nilotinib and ponatinib
stand out as the TKIs associated with peripheral arterial
disease. In fact, the reputation of the vascular toxicity
potential of Bcr-Abl inhibitors is largely founded on the
initial observation of profound structural alteration of the

arteries of the lower extremities in patients on nilotinib [3–
5]. Subsequently, Vascular toxicity was recognized for
ponatinib with even greater frequency, variety, and severity
[6–10].

A major challenge in this area is the fact that these drugs
are mainly given to patients with chronic myeloid leukemia
(CML), who are predominantly elderly (median age at pre-
sentation 64 years) and thus at higher risk of vascular disease
to begin with [11]. The presence of cardiovascular risk factors
contributes to the confounding as does any unrecognized
pre-existing cardiovascular disease. This being said, in a very
carefully conducted study, patients on nilotinib were com-
pared with a risk factor-matched control group, and the
drug-attributable vascular risk of nilotinib clearly emerged
and in a profound manner [12]. Experimental studies sup-
port The vascular toxicity potential of these drugs. In partic-
ular, studies on endothelial cells show that both drugs
interfere with VEGF signaling through modulation of VEGF
receptor-2 (KDR) activity. This effect is more direct for
ponatinib and more indirect for nilotinib [12–14].

From a clinical perspective, it is extremely important to
conduct a comprehensive cardiovascular assessment before
the initiation of cancer therapy with documentation of the
peripheral pulse status and ideally the ABI [15, 16]. This
forms the foundation for follow-up evaluations as outlined in
Table 7.1 [15, 16]. Other studies for the evaluation of the
vascular status of the lower extremities as well as other
vascular territories have been suggested as well [17]. These
approaches may not be as cost-effective but could be
meaningful in patients on ponatinib with presumed higher
risk, such as those with additional cardiovascular risk factors
[8]. For nilotinib, increasing ESC score categories match
with increasing risk of arterial occlusive events overall, and a
ESC Score of 5 or higher seems to identify very well those
patients at risk for severe arterial occlusive disease [12]. For
these very high-risk patients, routine screening at 3–
6 months intervals seems to be very appropriate even when
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asymptomatic and even though it is at present unknown what
cutoffs should be used to signal a significant change so as to
justify the cessation of cancer therapy. This is much easier in
the setting of new-onset of symptoms and signs of ischemia
and especially if severe and life-threatening clinical events
such as critical limb ischemia, myocardial infarction, or
stroke have occurred. Risk–benefit discussions are crucial in
these patients and alternative Bcr-Abl treatment strategies
under circumstances of challenging vascular risk have been
discussed [5, 11].

In summary, there needs to be awareness and proper
recognition and management of the vascular risk in patients
undergoing certain forms of TKI therapy. At baseline, risk
scores may help risk stratify but may also vastly underesti-
mate vascular risk of patients. Accordingly, all patients
should be followed carefully and vascular status should be a
standard assessment not only before but also after the start
of cancer therapy. Importantly, the risk of vascular disease
can persist even months after discontinuation of therapy [9].
There needs to be, therefore, not only heightened but also
persistent awareness for vascular disease and related risk of
complications in patients on (vasotoxic) TKI therapies.

7.2 Case Report

Severe generalized atherosclerosis in a young woman after
Bcr-Abl TKI therapy.

A 32-year-old white female with a history of Ph + ALL
but of no other diseases, including no personal or family
history of cardiovascular disease presents with bluish

discoloration of the left lower extremity. In the weeks prior
she developed pain in her lower extremities, even during
night hours. This was unlike anything she has experienced
with chronic sclerodermoid graft versus host disease after
having undergone allogenic hematopoietic stem cell
transplantation 1.5 years ago. Over the 6 months leading
up to her transplantation, she was treated with ponatinib
with an excellent morphological, cytogenetic and molecu-
lar response after failing dasatinib. Evaluation of her cur-
rent presentation concluded with the diagnosis of critical
limb ischemia. Computed tomography (CT) angiography
showed new diffuse narrowing of the splenic artery, new
proximal occlusion of the IMA and internal iliac arteries,
high-grade stenoses of the external iliac arteries, occlusion
of the left superficial femoral artery, and occlusion/
high-grade stenoses of the tibial arteries (Fig. 7.1, left
and mid panels). She underwent bilateral external iliac
artery stenting, angioplasty of the left common femoral
artery, and recanalization plus drug-eluting stenting of the
left superficial femoral artery. Post-procedurally she
developed reperfusion compartment syndrome of the left
lower extremity requiring fasciotomy. On post-operative
day 2, she developed acute chest pain with ST-segment
elevation in the anteroseptal leads. Coronary angiography
showed coronary vasospasm as well as a significant
stenosis of the proximal LAD confirmed as severe
atherosclerosis by IVUS (Fig. 7.1, right panels). She
underwent distal left main/proximal LAD and LCX
drug-eluting stenting, recovered from this episode but
developed recurrent ischemia with evidence of severe
in-stent restenosis requiring coronary artery bypass

Table 7.1 Recommendations for
assessment of patients on Bcr-Abl
TKI therapy

Symptoms Peripheral pulse
status

Risk factors Vascular
tests

F/u

None Normal None None Every 12 months

None Reduced± None or
present

ABI If ABI � 0.9: 12 mo. f/u
If ABI < 0.9: additional testsa and 6
mo. f/u

Present± Reduced± None or
present

ABI Vascular specialist
3–6 mo. f/u
If ABI < 0.7: stop

Adapted from Breccia et al. [15], with permission from Elsevier
aAdditional tests include exercise ABI, Duplex U/S, and lower extremity CT angiography as well as
evaluation of carotid IMT and coronary CTA or stress test
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surgery. Thereafter, she remained without any recurrent
ischemic events; her cardiac function remained preserved.
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8Vascular Toxicity of Tyrosine Kinase
Inhibitors: Coronary Artery Disease

Wendy Schaffer

Key points

• Dasatinib, a second-generation BCR-ABL inhibitor
affects endothelial function.

• Coronary spasm should be considered as a possible
mechanism of chest pain.

• Exercise testing on the drug can be a helpful diagnostic
aid.

• The addition of oral nitrates controlled symptoms and
normalized stress test results.

8.1 Case Report

An older man with chest pain while receiving dasatinib and
ruxolitinib.

A 65-year-old man, a prior smoker, with hypertension,
and unlimited exercise tolerance was diagnosed with Ph +
ALL. He was admitted for expedited workup for his cancer
and to initiate treatment with dasatinib and ruxolitinib.
Within 3 hours of the first dose of dasatinib and ruxolitinib,
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Fig. 8.1 a Pharmacologic stress test while patient receiving dasatinib
and ruxolitinib together. On the stress images (S), there is transient
ischemic dilation with severe and extensive perfusion defects (arrows)
seen on all three orthogonal views. These defects resolve on rest

imaging (R) consistent with a very large and severe ischemic burden.
b Repeated pharmacologic stress test on both agents with isosorbide
mononitrate added. On stress and rest imaging, ventricular size and
perfusion are normal. The ischemic threat is resolved
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the patient reported new exertional chest pain. EKGs were
unremarkable and troponins negative. The patient had an
abnormal stress test while still on these medications (Fig. 8.1).
Given the stress test, the medications were stopped and he
underwent cardiac catheterization, which revealed no signifi-
cant obstructive disease; the possibility of coronary vasos-
pasm was raised. The oncology team stated that the patient
had very few options for his high-risk disease. In this setting,
prophylaxis with isosorbide mononitrate 240 mg daily was
initiated. Dasatinib was restarted, then ruxolitinib was added
in step-wise fashion, with the patient monitored in the hos-
pital. He reported no further chest pain with ambulation while
receiving dasatinib and isosorbide, as well as with the sub-
sequent addition of ruxolitinib. His stress test was repeated,
while on dasatinib, ruxolitinib and isosorbide mononitrate and
was normal (Fig. 8.1). The patient was discharged on the
medications without further complications.

8.2 Discussion

This case is a sobering reminder that despite advances in
drug development and testing, cardiotoxicities in cancer
therapies continue to offer clinical challenges. Neither
agent in this case is thought to cause coronary vasospasm,
though dasatinib, a second-generation BCR-ABL

inhibitor, is the more likely culprit in that it may affect
endothelial function, favoring vasoconstriction [1, 2].
Ruxolitinib, a JAK 1/2 inhibitor, may actually be car-
dioprotective by inducing NO synthase activity, leading to
a vasodilatory state [1, 2]. What is encouraging about this
case is that despite the challenges of novel oncologic
agents, such as TKIs and immunotherapy, lessons learned
from decades of experience with coronary ischemia from
5-FU apply (see Chap. 7). Stress testing while on cancer
therapy, modification of the treatment plan with step-wise
rechallenge with the two agents, and prophylaxis with
nitrates were integral aspects of the cardio-oncology care
that allowed the patient to continue to benefit from novel
cancer therapies while avoiding potentially catastrophic
cardiotoxicity.
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9Vascular Toxicity of Tyrosine Kinase
Inhibitors: Pulmonary Hypertension

Anthony F. Yu

Key Points

• Chronic myelogenous leukemia (CML) is a myeloprolif-
erative disorder associated with the Philadelphia chromo-
some, which expresses the fusion oncoprotein BCR-ABL1.

• Oral tyrosine kinase inhibitors (TKIs) are the mainstay of
CML treatment and achieve long-term control in the
majority of patients.

• In this case, we highlight severe pulmonary hypertension as
an adverse effect of bosutinib in a patient with the previous
history of dasatinib-induced pulmonary hypertension.

• CML patients receiving BCR-ABL TKI therapy should
undergo routine clinical assessment for potential cardio-
vascular toxicity, and echocardiography should be per-
formed for patients with signs or symptoms suggestive of
pulmonary hypertension.

Chronicmyelogenous leukemia (CML) is amyeloproliferative
disorder associated with the Philadelphia chromosome t(9;22)
(q34;q11), which expresses the fusion oncoprotein BCR-
ABL1, a constitutively active tyrosine kinase [1].OralTKIs are
the mainstay of CML treatment and achieve long-term control
in the majority of patients. Selection of a TKI is often based
upon the side effect profile of each particular agent, many of
which have been associated with cardiovascular toxicities
including peripheral arterial disease, myocardial infarction,
stroke, and pulmonary hypertension [2].

9.1 Case Report

A 41-year-old woman was diagnosed with CML and treated
in the first-line setting with dasatinib, a second-generation
BCR-ABL TKI. After 2 years of treatment, she achieved a
major molecular response but reported new dyspnea on
exertion. A chest X-ray revealed moderate bilateral pleural
effusions and an echocardiogram showed a moderate peri-
cardial effusion with tamponade physiology and moderate
pulmonary hypertension (peak tricuspid regurgitant velocity
3.8 m/s) with right ventricular enlargement. Her symptoms
resolved after thoracentesis and pericardiocentesis; however,
pulmonary artery (PA) pressures remained elevated 1 month
later. A right heart catheterization was performed, which
confirmed the diagnosis of mild precapillary pulmonary
hypertension (PA 42/20 mmHg, pulmonary capillary wedge
pressure (PCWP) 7 mmHg, PVR 3.3 Wood units). Dasatinib
was discontinued and replaced with imatinib, and PA pres-
sures normalized 3 months later on a follow-up echocardio-
gram. Due to intolerable gastrointestinal toxicity, imatinib was
discontinued and replaced with bosutinib (second-generation
BCR-ABL TKI). After 12 months of bosutinib, she again
developed progressive and severe dyspnea (NYHA class IV).
An echocardiogram revealed severe right ventricular
enlargement and right ventricular systolic dysfunction
(Videos 9.1 and 9.2), severe tricuspid regurgitation, and
severe pulmonary hypertension (peak TR velocity 4.7 m/s)
(Fig. 9.1). A right heart catheterization confirmed severe
precapillary pulmonary hypertension with a PA pressure of
85/45 mmHg, PCWP of 10 mmHg, pulmonary vascular
resistance of 16.6 Wood units, and cardiac index of 1.58
L/m/m2. There was no response to 100% FiO2 or inhaled
nitric oxide. She was admitted to the cardiac care unit for
management of right heart failure and severe pulmonary
hypertension and treated with dobutamine and treprostinil (a
prostacyclin analog). Five months after discontinuation of
bosutinib, a repeat echocardiogram showed normal right
ventricular size and function and normal pulmonary artery
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systolic pressure. Pulmonary vasodilator therapy was gradu-
ally tapered, and 3 months later, she was clinically improved
(NYHA class I) with normalization of PA pressure on a repeat
right heart catheterization (PA 26/8 mmHg, PCWP 5 mmHg,
PVR 2.3 Wood units).

Dasatinb, a second-generation TKI, is associated with pul-
monary toxicities including pleural effusions and pulmonary
hypertension [3–5]. The proposed mechanisms of dasatinib-
induced pulmonary hypertenstion include Src kinase inhibition
and direct endothelial damage [6]. Bosutinib, also a
second-generation TKI, is associated with low rates of cardiac
or pulmonary toxicities but may also inhibit Src kinase. In this
case, we highlight severe pulmonary hypertension as an
adverse effect of bosutinib in a patient with the previous history
of dasatinib-induced pulmonary hypertension. CML patients
receiving BCR-ABL TKI therapy should undergo routine
clinical assessment for potential cardiovascular toxicity, and
echocardiography should be performed for patients with signs
or symptoms suggestive of pulmonary hypertension.
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Fig. 9.1 Color (left) and continuous wave (right) Doppler of severe tricuspid regurgitation in a case of severe pulmonary hypertension attributable
to BCR-ABL TKI therapy

58 A. F. Yu



10Cardiovascular Toxicities of Proteasome
Inhibitors

Felix Nguyen, Jose Alvarez-Cardona, and Daniel J. Lenihan

10.1 Introduction

A dramatic number of new therapies have developed over
the past decade for the treatment of multiple myeloma
(MM), and those treatments have resulted in substantial
improvement in patient outcomes [1, 2]. There are now
many classes of pharmacotherapy approved for the treatment
of MM used in a host of combinations. These include
immunomodulatory agents (IMiDs), dexamethasone, pro-
teasome inhibitors (PIs), and monoclonal antibodies. PIs,
including bortezomib, carfilzomib, and ixazomib, have
become a mainstay of therapy for newly diagnosed MM as
well as for relapsed disease. It is important to note that
proteasome function is essential to maintaining homeostasis
in many cell types, especially cardiomyocytes [3]. As a
result of this known biological overlap, there has been
concern about PIs having an important effect on the car-
diovascular (CV) status of patients with MM who are
undergoing active treatment. In fact, several large studies
using combination therapy for MM have demonstrated an
increased risk of serious CV adverse events during treatment

[4–6]. The patterns of treatment for MM are constantly
changing, and it is very unusual for PIs to be the only
medications used, making it difficult to attribute an adverse
event to one specific therapy. Furthermore, the population of
patients being treated for MM has a high prevalence of
coexistent CV co-morbidities [7].

Metabolically active cells are the most vulnerable to the
action of PIs. These include not only clonal plasma cells but
also endothelial cells and cardiomyocytes [8]. Thus, PIs have
been associated with a variety of cardiotoxicities including
heart failure (HF) [9], arrhythmias [10], pulmonary hyper-
tension (PHTN) [11], and thromboembolism [12]. As a
result, it is critical that multidisciplinary teams are involved
in the care of these patients to improve outcomes through
early diagnosis and treatment of these complications. Indeed,
the utility of cardiac biomarkers and imaging modalities,
such as echocardiography and cardiac magnetic resonance
imaging (cMRI), has been shown to provide important
diagnostic and prognostic information that can inform clin-
ical decision-making [13]. This chapter will review the more
common CV toxicities associated with PIs and present cases
that highlight the role of imaging in the diagnosis and
management of associated complications.

10.2 Case 1

Heart failure with preserved left ventricular ejection fraction
(HFpEF).

• 73-year-old male with recently diagnosed MM who also
had HFpEF

• Resistant atrial fibrillation
• Elevated cardiac biomarkers at baseline
• Management of HF throughout allowed for optimal

cancer therapy
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A 73-year-old male originally presented with persistent
atrial fibrillation (AF) that was difficult to control, requiring
multiple cardioversions and antiarrhythmic medications. He
was found to be anemic, with bruising around his eyes, and
ultimately was diagnosed with MM. His bone marrow biopsy
revealed 40% plasma cells and no evidence of amyloidosis
by Congo red staining. He began treatment with carfilzomib,
dexamethasone, and lenalidomide. His baseline echocardio-
graphic (echo) study showed a left ventricular ejection frac-
tion (LVEF) of 69%. Staging of diastolic dysfunction could
not be done with the most frequently used algorithm given

the underlying atrial fibrillation with the absence of atrial
kick. His cardiac biomarkers revealed a slightly elevated
troponin T of 0.02 ng/mL (normal � 0.01 ng/mL) and
N-terminal pro-brain natriuretic peptide (NT-proBNP) of
2841 pg/mL (normal � 300 pg/mL) (Fig. 10.1). Excess
fluid attributed to HF was treated with furosemide and
spironolactone and he was started on amiodarone. He was
successfully cardioverted 1 month later. A repeated echo did
not demonstrate any diastolic dysfunction while he was in
sinus rhythm (Fig. 10.2). Several months later, the troponin
values remained elevated and a subsequent cardiac MRI
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Fig. 10.1 Improvement in cardiac biomarkers over time with treatment of plasma cell dyscrasia
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Fig. 10.2 Normal diastolic filling parameters once sinus rhythm was restored. A Pulsed wave Doppler of the mitral valve showing E/A ratio of
1.6 and deceleration time of 230 ms. B Tissue Doppler of the mitral annulus showing E’ lateral of 9 cm/sec with E/E’ ratio of 12
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(cMRI) demonstrated an LVEF of 62% with overall normal
function and mild basal septal hypertrophy of 1.2 cm (Video
10.1). Late gadolinium imaging was positive for patchy dif-
fuse sub-endocardial hyper-enhancement consistent with
amyloidosis (Fig. 10.3). His cardiac biomarkers 11 months
later improved and were approaching normal (Fig. 10.1).
His MM therapy continued throughout without interruption
and he ultimately achieved remission.

10.2.1 Discussion

HF, especially HF with preserved ejection fraction (HFpEF),
is a frequent manifestation of cardiac amyloidosis (CA) but it
is also an important adverse effect of PI therapy, especially
the irreversible proteasome inhibitor, carfilzomib. In a safety
analysis of patients with MM being treated with carfilzomib
(in combination therapy), 7.2% of patients were found to
have new HF [9]. In another study, 23% of patients with MM
treated with carfilzomib developed clinical HF, with eleva-
tions in NTproBNP and some with a reduction in LVEF [14].
The mechanism is not well understood but is possibly related
to PI-induced oxidative stress within myocytes, inhibition of
the proteasome, or transient endothelial dysfunction [6, 8].
Hypertension, another adverse effect of PIs, may also con-
tribute to the development of HFpEF. Indeed, in patients
undergoing combination therapy for MM, the use of
biomarkers, especially NTproBNP, can help with risk strat-
ification and monitoring for CV toxicity. A recent

prospective study of patients with relapsed MM confirmed
the utility of natriuretic peptides to assist in risk stratification
as well as management of CV co-morbidity during treatment.
Additionally, carfilzomib was associated with a much higher
rate of CV events than bortezomib (a reversible inhibitor of
the proteasome). A major finding of this study was that a CV
adverse event was subsequently associated with worse sur-
vival [13]. It is therefore critical to monitor for CV risks and
to manage these proactively to achieve the best outcome.

CA, resulting from AL amyloidosis, involves the depo-
sition of amyloid fibrils within the extracellular matrix of the
heart and can be a manifestation of MM (see chapter 18 on
Cardiac Amyloidosis). Although previously believed to be
found in <5% of patients with MM, CA is likely under-
diagnosed [6]. Management involves addressing not only the
cardiac complications of the disease, such as HF and
arrhythmia [15], but also importantly eliminating the
underlying amyloidogenic light chain production, for which
treatments have evolved significantly over the past decade.
In particular, the addition of PIs to treatment regimens for
MM and AL amyloidosis has resulted in improved hema-
tologic responses and survival [16, 17]. Current first-line
regimens for MM combine a PI with an IMiD, such as
lenalidomide, thalidomide, or pomalidomide, as well as
dexamethasone. Bortezomib, carfilzomib, and ixazomib are
the current FDA-approved PIs for this purpose. Features of
cardiac involvement in AL amyloidosis can often be
appreciated initially on echocardiography. Amyloid deposi-
tion within the myocardium leads to left ventricular
(LV) hypertrophy and increased LV wall thickness,
often >15 mm [6]. There is usually, but not always, signif-
icant diastolic dysfunction, with Doppler imaging demon-
strating elevated E/e’ values and short deceleration times on
trans-mitral pulsed Doppler [6]. Speckle strain imaging can
be both sensitive and specific showing impaired strain in the
basal segments with sparing at the apex, a finding that has
particularly good sensitivity and specificity [18]. In this
patient, echo imaging did not show these characteristics but
cMRI did indicate the likelihood of AL CA.

10.3 Case 2

Atrial thrombi in patients receiving PIs.

• 60-year-old male with AL cardiac amyloidosis
• Receiving bortezomib-based therapy
• New-onset atrial flutter
• Left atrial clot within 48 hours of atrial flutter

A 60-year-old male with AL amyloidosis initially treated
with an autologous stem cell transplant and then had relapsed
disease treated with cytoxan, bortezomib, and dexamethasone

Fig. 10.3 Diffuse hyperenhancement with gadolinium contrast (arrow)
consistent with cardiac amyloidosis
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(CyBorD) starting in October 2017. He presented to the
hospital about 10 months later with volume overload related
to HFpEF and new-onset atrial flutter (AFL). Although he was
within 48 hours from the onset of arrhythmia, trans-
esophageal echocardiography (TEE) was pursued given his
increased risk of thrombosis. TEE revealed a left atrial
thrombus (Fig. 10.4) in part due to his CA with a likely
contribution from his combination therapywith a PI, an IMiD,
and dexamethasone [7]. Cardioversion was deferred, and he
was subsequently anticoagulated with apixaban. He presented
again on 10/2018 for repeat TEE and possible cardioversion
but was found to have persistent left atrial thrombus
(Fig. 10.5). Given the persistent thrombus while receiving
apixaban, he was switched to warfarin with careful pro-
thrombin time monitoring to ensure adequate anticoagulation
and was started on amiodarone 200 mg daily to assist with
rate control since he was unable to tolerate b-blockade due to
hypotension. Despite 100% compliance and adequate anti-
coagulation with therapeutic INR values over several months,
repeat TEE in March 2019 revealed a persistent left atrial
thrombus (Fig. 10.6). This case demonstrates that patients
with CA, especially when treated for AL with PI-based
therapy, have a substantial risk of persistent left atrial
thrombus. Furthermore, it is unclear if one form of antico-
agulation is better than another for preventing the persistent
thrombus. It is our practice that these patients be required to
undergo TEE prior to cardioversion even after adequate
anticoagulation given the high likelihood for underlying
intracardiac thrombus.

10.3.1 Discussion

Conduction abnormalities are common in CA, with atrial
fibrillation (AF) or AFL and atrioventricular block often
the presenting disorders. This is due largely to amyloid
deposition involving the conduction system with fibrosis of
the surrounding myocardium [10]. In particular, AF is
associated with impaired ventricular filling, which often

Fig. 10.4 Thrombus in a patient with cardiac amyloidosis and atrial
flutter. Two-chamber view on transesophageal echocardiography
demonstrating thrombus within the left atrial appendage (arrow)
(August 2018)

Fig. 10.5 Short-axis view at mid-esophageal level showing persistent
thrombus within the appendage (arrow) (October 2018)

Fig. 10.6 Repeated TEE at mid-esophageal level showing continued
thrombus (arrow) despite the switch from apixaban to warfarin (March
2019)
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leads to HFpEF . In one study, patients with AF and CA had
similar success rates of cardioversion (90 vs. 94%, p = 0.47)
and rates of recurrence at 1 year (48 vs. 55%, p = 0.75)
as compared to those with no CA [19]. Additionally, other
studies evaluating cardioversion in separate populations of
ATTR and AL amyloidosis patients found similar rates of
success [20, 21]. However, those with CA had much higher
rates of complications following cardioversion compared to
controls (14 vs. 2%, p = 0.007) [19]. These complications
included bradyarrhythmias as well as ventricular
tachycardia/fibrillation, all of which are typically rare fol-
lowing cardioversion [22]. Further complicating manage-
ment in these patients involves the use of TEE prior to
DC cardioversion. Patients with CA are highly susceptible
to intravascular and intracardiac thrombosis, especially when
receiving PIs and IMiD. Intracardiac thrombosis has been
commonly identified on TEE [20], the majority of which
occur in the left atrial appendage. Current guidelines from
the 2014 AHA/ACC/HRS recommend at least 3 weeks of
therapeutic anticoagulation prior to cardioversion or use of
TEE as an alternative. A large proportion of patients (46%)
had an intra-cardiac thrombus on TEE at the time of car-
dioversion and were either already on therapeutic anticoag-
ulation for at least 3 weeks or were within 48 h of the onset
of arrhythmia. Therefore, it has been suggested that the use
of TEE with cardioversion should be imperative for patients
with AF and concomitant CA, regardless of the duration of
anticoagulation or time of onset from arrhythmia [19]. This
would be especially true in patients undergoing therapy with
PIs and IMiDs as part of the treatment of AL amyloidosis.

10.4 Case 3

Pulmonary hypertension.

• 78-year-old male, with refractory MM
• Previous AF, status post pulmonary vein isolation, and a

Watchman device
• Worsened HFpEF during therapy with carfilzomib
• Developed severe pulmonary hypertension within months

of starting PI therapy

A 78-year-old male, with a history of AF, was treated
with one previous ablation and then a Watchman device
implant (Fig. 10.7). He developed MM and due to the pro-
gression of disease over the course of many years, he was
treated with multiple agents (ixazomib, elotuzumab, dara-
tumumab, lenalidomide (an IMiD), and even bendamustine).
In August 2019, he began treatment with carfilzomib and
dexamethasone. Two months after starting this therapy, he
presented to the hospital with worsening exertional dyspnea
and was found to have new PHTN with an estimated pul-
monary artery (PA) pressure of 77 mmHg on transthoracic
echocardiogram (Fig. 10.8). Right heart catheterization
confirmed a right atrial pressure of 12 mm Hg, right ven-
tricular pressure of 77/16 mm Hg, an elevated PA pressure
of 81/39 mmHg (mean 49 mmHg), and a pulmonary capil-
lary wedge pressure (PCWP) of 17 mmHg. His cardiac
output was 4.6 L/min with an index of 2.3 L/min/m2. His
mixed venous saturation was 50%. Carfilzomib was impli-
cated to be the culprit for the elevated PA pressure, so it was

Fig. 10.7 CT scan of the chest
demonstrating the Watchman
device (inside a circle) lying
within the left atrial appendage.
The patient has a history of atrial
fibrillation for which he had
undergone ablation with
pulmonary vein isolation and
placement of a Watchman device.
Diffuse coronary calcifications are
also seen (arrows)
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subsequently discontinued. A follow-up transthoracic
echocardiogram 1 month later revealed a PA pressure esti-
mate of 83 mmHg. He was enrolled in a clinical trial with
tiragolumab, a novel immune checkpoint inhibitor for his
MM but was found to have disease progression and elected
to discontinue therapy and proceed with hospice care. This
case demonstrates that CV toxicity from therapies can have a
profound impact on the treatment course and ultimately
patient prognosis. Although the theoretical concern of pul-
monary vein stenosis from a previous ablation may have
contributed to his presentation, the acuity of his decom-
pensation following initiation of carfilzomib suggests that
the PI was the primary cause for his new-onset PHTN.

10.4.1 Discussion

PHTN has been documented to be a rare complication of
PIs, although available data are sparse. In an extensive
analysis of myeloma patients treated with carfilzomib in the
SEER (Surveillance, Epidemiology, and End Results)
database, only 1% of patients developed pulmonary
hypertension [11]. There was a comprehensive analysis
done in patients with MM who were treated with carfil-
zomib, as part of the ENDEAVOR study, and there was no
major elevation of PA pressure estimated on TTE
throughout the study period (26.4 mmHg at baseline to

23.65 mmHg at Week 96 of follow-up) [5]. PHTN sec-
ondary to PI therapy with carfilzomib, would likely
demonstrate features on echocardiography that are similar to
other etiologies of PTHN and this was not seen in this trial.
The pathogenesis of PHTN associated with PI therapy is
unclear but may involve changes within the endothelial
nitric oxide pathway [23]. As with other CV adverse events,
management likely depends on the severity of PHTN and
may require discontinuation of the drug in addition to other
supportive treatments including diuresis. It is unknown
whether PI-associated PHTN would likely improve with
discontinuation of cancer therapy.

10.5 Case 4

Arterial and venous thromboembolism.

• 64-year-old female presented 6 months earlier with a fall
and acute carpal tunnel syndrome

• Mild troponin elevations initially
• Developed worsening HF over the next 6 months
• Diagnosed with AL CA by biopsy
• Developed arterial and venous thrombosis
• Initiated PI-based therapy
• Despite anticoagulation, a large left atrial thrombus

developed resulting in partial inflow obstruction

A B 

Fig. 10.8 A Patient with multiple myeloma and new pulmonary
hypertension. Pulsed wave Doppler across the right ventricular outflow
tract demonstrates mid systolic notching (arrow) of the pulmonary
arterial flow with markedly shortened acceleration time 69 ms

(normal > 130 ms). B Tricuspid regurgitant jet (arrow) with a peak
velocity of 4.4 m/sec, estimating PA systolic pressure at 85 mm Hg
(assuming an RA pressure of 8 mm Hg)
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A 64-year-old female presented to our medical center in
July 2019 after a mechanical fall during which she sustained
a distal radius fracture and acute carpal tunnel syndrome.
Cardiac evaluation prior to orthopedic surgery revealed
abnormal troponin I (0.13 ng/mL, normal < 0.03 ng/mL)
and NT-proBNP (4121 pg/mL, normal < 300 pg/mL) as
well as low-QRS voltage and a pseudo-infarct pattern on
12-lead electrocardiogram. Stress myocardial perfusion
imaging was unrevealing. She underwent successful surgery
and was subsequently discharged. She presented again to our
hospital 5 months later with progressive exertional dyspnea,
weight gain, and edema. She was found to have a new
first-degree AV block on ECG and diastolic dysfunction on
TTE. An endomyocardial biopsy confirmed a diagnosis of
AL amyloidosis. Her hospitalization was complicated by
acute limb ischemia involving her right popliteal artery
requiring thrombo-embolectomy. She also had an acute
ischemic stroke requiring aspiration thrombectomy. She was
started on anticoagulation with apixaban and her plasma cell
dyscrasia was treated with CyBorD. She was admitted again
for upper gastrointestinal bleeding requiring esophagogas-
troduodenoscopy. Repeated transthoracic echocardiography
showed a reduced ejection fraction of 32%, grade 3 diastolic
dysfunction, and a new left atrial thrombus despite ongoing
anticoagulation (Video 10.2) (see chapter 16 on Masses
Involving the Heart and Vasculature).

This patient’s hospital course was complicated by mixed
cardiogenic and septic shock requiring vasopressors that
could not halt her progressive decline and ultimate death.
Even though there were telltale signs of potential cardiac
involvement from CA present in July 2019, the definitive
diagnosis leading to treatment was not made until 6 months
later (Fig. 10.9). Early identification of disease and earlier
treatment perhaps at the time when the abnormal biomarkers
and ECG were noted would very likely have improved the
outcome for this patient. It is also clear that she was highly
thrombogenic and suffered multiple vascular complications,
even prior to starting treatment for her amyloidosis.

10.5.1 Discussion

Patients with MM and AL amyloidosis are at elevated risk of
thrombosis due to both disease- and treatment-related fac-
tors. In particular, intracardiac thrombosis is common and
can be demonstrated by echocardiography (TEE more
sensitive than TTE) in patients with AL amyloid associated
with multiple myeloma [12, 20]. A variety of risk factors
identifiable on echo have been shown to reflect an increased
thrombosis risk. Those with more extensive cardiac amy-
loidosis, as described by higher grades of diastolic dys-
function were found to be at higher risk [20]. Higher E/A

Fig. 10.9 Timeline from initial presentation to final admission. Initial
evidence of amyloidosis with cardiac involvement is present during
July 2019 admission. The diagnosis is not made until an admission in

November 2019 at which time the patient is started on anticoagulation.
Treatment for the plasma cell dyscrasia is initiated on January 2020,
about 6 months after the initial presentation
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and E/e’ ratios and shorter mitral deceleration times were
also associated with thrombosis risk. To further complicate
matters, there is substantial additional risk conferred when
combining the use of PIs with IMiDs, such as thalidomide or
lenalidomide which are typical medications used in first-line
regimens for multiple myeloma [5, 24–26]. In the ASPIRE
study, patients treated with lenalidomide and dexamethasone
combined with carfilzomib had higher rates of venous
thromboembolism as compared to those treated with
lenalidomide and dexamethasone alone (10 vs. 6.2%) [25].
Anticoagulation is the mainstay for the management of
thrombosis in these patients. However, there have been data
showing thrombosis may continue to persist despite antico-
agulation. In a study evaluating intra-cardiac thrombosis
using cMRI in patients who have CA, a high prevalence of
thrombi was found, particularly in those with AF (13.1%)
[27]. All patients with AF in the study were reportedly on
long-term anticoagulation (46% on warfarin, 54% on a direct
oral anticoagulant) at the time of imaging. Such findings
suggest that when thromboses occur in these patients, they
may be particularly resistant to conventional therapy.
Indeed, prophylactic anticoagulation has been proposed as a
strategy to prevent or decrease clot burden. Guidelines from
ASCO recommend that in patients with MM receiving
thalidomide- or lenalidomide-based (IMiD) regimens, the
use of either aspirin or low molecular weight heparin is
warranted in lower-risk patients and low molecular weight
heparin in higher-risk patients [28].
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11Cardiac Complications of 5-Fluorouracil
(5FU) and Capecitabine Therapy

Wendy Schaffer

Key Points

• The complex pathophysiology of 5-FU results in a broad
spectrum of cardiac toxicity including chest pain/angina,
ischemia, non-STEMI and STEMI, silent ischemia, brady
and tachyarrhythmias, QT prolongation, heart failure, and
stress cardiomyopathy.

• Management includes avoiding/discontinuing 5-FU, dose
reduction, bolus 5 FU therapy, anti-anginals, inpatient
cardiac monitoring during therapy, and aggressive treat-
ment of cardiac risk factors and established cardiac
disease.

11.1 Introduction

Synthesized in 1957 by Heidelberger et al. [1], 5-fluorouracil
(5-FU) is a pyrimidine analog that disrupts DNA synthesis
[1]. 5-FU-based chemotherapy is the standard of care for
adjuvant treatment of stage II and II colorectal cancer
(high-risk node-negative and node-positive disease) with a
20–30% reduction in mortality [2]. It is a front-line agent for
potentially curable, as well as metastatic, pancreatic cancer,
metastatic esophageal and gastric cancer, early-stage breast
cancer with residual disease after anthracycline-based ther-
apy, metastatic breast, and head and neck cancers [3–9]. It is
humbling to realize it took almost 20 years to recognize
5-FU associated cardiac toxicity, when a 48-year-old man
presented with chest pain and EKG changes during 5-FU

infusion [10]. Despite the wide-spread use of 5-FU for more
than 50 years, the pathophysiology of 5-FU cardiotoxicity is
still not fully understood. 5-FU induced coronary vasospasm
has been reproduced in vitro and in vivo models, but 5-FU
has also been shown to promote cardiac hypertrophy,
myocardial necrosis, apoptosis of myocardial and endothe-
lial cells, and thrombus formation [11–16]. The complex
pathophysiology of 5-FU results in a broad spectrum of
cardiac toxicity including chest pain/angina, ischemia,
non-STEMI and STEMI, silent ischemia noted on EKG or
ambulatory monitoring, brady and tachyarrhythmias, QT
prolongation, heart failure, and a stress cardiomyopathy
[1, 17–21]. Management strategies include avoiding/
discontinuing 5-FU-based therapies, dose reduction, bolus
rather than continuous infusion, anti-anginal therapy, and
cardiac monitoring, as well as guideline-directed aggressive
treatment of underlying cardiac risk factors and established
cardiac disease. Each patient’s treatment plan, when con-
fronted with 5-FU cardiotoxicity or concern for 5-FU car-
diotoxicity, is best formulated with a careful risk–benefit
assessment of the oncologic options and outcomes with the
patient’s oncology team. The following cases explore some
of the clinical presentations of 5-FU cardiotoxicity as well as
management strategies that may prove helpful in practice.

11.2 Case 1

Dyspnea in a young woman without cardiac risk factors [22].

• A 38-year-old woman with no cardiac risk factors or
cardiac disease with recurrent breast cancer was started
on capecitabine.

• She reported dyspnea with mild exertion and an inability
to tolerate her usual high-intensity workouts.

• A stress echocardiogram was performed while still on the
capecitabine, during which she manifested shortness of
breath, was able to tolerate only 5 min 18 s, 7 METs.
The EKG demonstrated very mild ST elevation.
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Post-exercise imaging demonstrated a decline in EF with
apical hypokinesis (Fig. 11.1, Video 11.1).

• She was observed in the hospital following the abnormal
stress test with negative troponins, and a normal CT
coronary angiogram.

• Capecitabine was discontinued and the patient underwent
a normal stress echo 10 days later and was able to exer-
cise to 15.1 METs without dyspnea.

11.2.1 Discussion

This patient did not experience any long-term sequelae from
exposure to 5-FU. Her oncology team listened closely to her
complaints of dyspnea while on capecitabine, referred her to
the cardio-oncology service and appropriate testing was
performed. Stress testing while on 5-FU (whether while on
the oral pro-drug capecitabine or on the 5-FU infusion
pump) can be helpful to assess for ischemia. A CT coronary
angiogram was appropriate to rule out underlying obstruc-
tive coronary artery disease in a patient without a high
pre-test probability for a disease where formal coronary
angiography could be more useful in consideration of a
revascularization strategy. The follow-up normal stress test
after stopping capecitabine was helpful to confirm the

etiology of her symptoms and the initially ischemic stress
test. This patient’s high-risk stress test precluded further
exposure to 5-FU, given the myriad of other options avail-
able to treat advanced breast cancer with comparable onco-
logic outcomes. A thoughtful discussion with the
cardio-oncologist, the oncologist, and the patient in cases
such as this is essential to explore the necessity of 5-FU-
based treatment in the setting of the observed cardiac risk.

11.3 Case 2

Cardiac arrest in a young man without cardiac risk factors.

• A 28-year-old man with metastatic ileal adenocarcinoma
with no cardiac disease or risk factors for the disease was
started on FOLFOX, tolerating six cycles without cardiac
complications.

• Two days after completion of the seventh cycle, he had a
documented ventricular tachycardia arrest while swim-
ming at a YMCA. He was treated with CPR and AED
shocks by bystanders. A technically challenging EKG
acquired by the Emergency Medical Services staff on
resuscitation was notable for inferolateral ST elevation
and hyperacute appearing T waves, as demonstrated in
Fig. 11.2.

ED

ED

ES

ES

REST

STRESS

Fig. 11.1 End diastolic (ED) and end systolic (ES) frames from
echocardiographic apical four-chamber rest and stress studies showing
apical wall motion abnormality with a decline in LV EF with exercise.

Accompanying EKG was normal at rest and showed mild ST segment
elevation with exercise
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• Post-resuscitation testing included echocardiogram, car-
diac catheterization, cardiac MRI, EP study, and stress
echocardiogram, all of which were entirely normal.

• Patient stated that the only difference between the final
cycle of 5FU and prior cycles is that he resumed
high-level exercise sooner than usual. In retrospect, he
admitted to mild chest pain after each dose of 5-FU.

• Per recommendations of his cardio-oncologist, an ICD
was not implanted.

• Discussions with the patient, oncologist, and
cardio-oncologist determined that the benefit of further
challenges with 5-FU-based treatment was outweighed by
the risk and no further 5-FU-based treatment was
administered. He had no further cardiac events.

11.3.1 Discussion

The cited incidence of a cardiac event with 5-FU spans a
wide range in the literature, due to variation in the definition
of and methods for identifying a cardiac event, the selected
patient population and underlying cardiac risk factors, and
the dose and delivery of 5-FU. In one systematic review of
studies each with over 400 patients, the incidence of a car-
diac event was 1.2–4.3%, with treatment-related mortality of

0–0.5% [23]. Though the comparatively low
treatment-related mortality is reassuring, a small, prospective
study with ambulatory EKG monitoring demonstrated that a
little over 50% of patients without established coronary
artery disease have significant EKG changes (ST depression
or ST elevation), notably without evidence of myocardial
damage by serial biomarkers, while on the 5-FU infusion
pump [24]. The incidence of arrhythmias, especially
life-threatening arrhythmias, is unknown but certainly low,
especially in patients without underlying cardiac risk factors.
That said, once a life-threatening event has occurred, it is
incumbent on the cardio-oncology and oncology teams to
examine all other oncologic options before considering
re-challenge. Though the decision not to re-challenge a
patient who had a cardiac arrest seems straightforward, it is
worth examining the pros and cons closely. The patient,
extraordinarily young with very advanced cancer, tolerated
several cycles of 5-FU without incident, though in retrospect
he reported chest pain with each cycle. On discussion with
the oncologist, cardio-oncologist, and patient, the oncologist
felt the patient had other treatment options that could be
explored. Sadly, the patient’s disease progressed too quickly
to allow the question to be readdressed. Whether continued
5-FU-based therapy could have been tolerated with aggres-
sive management strategies and whether this would have
altered the eventual outcome is unknown.

Fig. 11.2 12 lead EKG acquired in the field after resuscitation by Emergency Medical Services. In this technically challenging tracing, ST
segment elevation is seen and the T waves are peaked and prominent
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11.4 Case 3A

ST segment elevation myocardial infarction (STEMI) in an
older man with suspected underlying coronary artery disease
and ongoing angina.

• A 60-year-old man, a prior smoker, with hypertension,
hyperlipidemia, and locally advanced rectal cancer was
started on neoadjuvant 5-FU-based chemotherapy (FOL-
FOX). Marked coronary calcification was noted on CT
scanning performed for cancer staging (Fig. 11.3).

• He alerted the oncology team prior to initiation of
5-FU-based therapy that he had angina. He provided
records of a recent cardiac evaluation, including a
normal echocardiogram and pharmacologic nuclear
stress test with normal perfusion. His cardiologist had
started him on appropriate guideline-directed medical
therapy (GDMT) for his risk factors with the plan to
perform a cardiac catheterization if his symptoms
persisted.

• The patient reported his typical anginal symptoms to the
oncology team with the first cycle of FOLFOX with 5-FU
IV bolus and 48H infusion pump.

• The oncologist dose reduced the 5-FU for the second cycle
and the patient reported improvement in his anginal
symptoms.

• With the third cycle, the patient had severe chest pain
while at home on the 5-FU infusion pump. He presented
to an emergency room. The infusion was discontinued.
EKG demonstrated anterior ST elevation with reciprocal
ST depression. Troponins were markedly elevated.

• Emergent cardiac catheterization revealed two-vessel
coronary disease. The patient received drug-eluting stents
to the LAD and RCA and was placed on dual anti-platelet
therapy (DAPT).

• Six weeks later, the patient was rechallenged with 5-FU
with IV bolus alone (FLOX), in a monitored inpatient
setting, without complications.

• Subsequent cycles were given in the outpatient setting,
with bolus 5-FU alone (FLOX), without further cardiac
complications.

• The patient underwent successful surgical resection on
uninterrupted aspirin. Clopidogrel was held.

11.4.1 Case 3B

Angina in an older man with cardiac risk factors who had
tolerated 5-FU therapy for several years.

• A 60-year-old man, a prior smoker, was diagnosed with
metastatic colon cancer in 2014 andhadbeenmaintained on
5-FU-based chemotherapy continuously since diagnosis.

Fig. 11.3 Extensive coronary calcium seen on the patient’s staging CT of chest/abdomen/pelvis
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Fig. 11.5 The time evolution of the EKG abnormalities during 5 FU re-challenge

Fig. 11.4 Stress test done during a 5 FU infusion that shows marked ST segment depression despite treatment with diltiazem in a patient who
developed angina after having tolerated 5-FU for several years
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• In 2018, he reported to his oncologist chest pressure when
walking up hills that he had noticed over the last several
months.

• His resting echocardiogram and EKG were entirely
normal.

• Given the significant benefit, he was deriving from 5-FU,
the cardio-oncologist and oncologist agreed with the
patient’s consent to try to continue 5-FU treatment.

• He was started on diltiazem with improvement in his
symptoms.

• A stress echo was performed on diltiazem and with the
5FU infusion pump.

• The patient experienced mild angina at 5 min with low
heart rate and at that relatively low heart rate EKG
demonstrated horizontal ST depression (Fig. 11.4).
Post-exercise echo demonstrated apical, anteroseptal
akinesis with a decline in LV EF.

• The 5-FU infusion was discontinued.
• An urgent cardiac catheterization was performed,

demonstrating 95% ostial left main disease. He received a
drug-eluting stent to the left main and was started on
DAPT, in addition to GDMT.

• One month after PCI, he was rechallenged with 5-FU
bolus only (FLOX) in a monitored setting without cardiac
complications.

• He was continued on outpatient 5-FU bolus therapy with
stable disease for several more years without cardiac
complications.

11.4.2 Discussion

In case 3A, though the patient did not have known coronary
artery disease by echocardiography, EKG, or nuclear stress
test, review of the patient’s CT scan performed for the
evaluation of the extent of his oncologic disease revealed
extensive coronary calcification. The same was the case for
the patient in case 3B, though the patient was on no GDMT
when first presenting with chest pain. Cancer patients often
have chest CT or PET/CT that can be reviewed for coronary
atherosclerosis. Though these scans cannot provide infor-
mation on the degree of obstruction, nor does a scan without
coronary calcification entirely rule out coronary disease, the
finding of extensive coronary calcification should be
addressed with risk factor modification and further work-up
prior to initiating 5-FU-based therapy. The cardiologist for
the patient in case 3A had planned a cardiac catheterization
if the patient’s anginal symptoms did not respond to medical
therapy. The oncologist appropriately dose reduced the pa-
tient’s 5-FU when the patient reported chest pain. In retro-
spect, coordinated care by the cardiologist and the oncologist
might have pre-empted the events following the third cycle.

For patients with ongoing anginal symptoms or a large
ischemic burden despite GDMT, referral to a
cardio-oncologist is imperative prior to initiating 5-FU-based
therapies and to ensure appropriate cardiac care during
cancer treatment. For these high-risk patients, it is reasonable
to consider inpatient monitoring for the first dose of 5-FU.

Not surprisingly, the published data defining the inci-
dence of cardiac events on 5-FU in patients with known
ischemic heart disease is small (well less than 5% of the data
sets), with a wide range of reported incidence (5–15%),
dependent on factors such as patient inclusion criteria, the
definition of cardiac event, and dose and mode of delivery of
5-FU [20, 23, 25]. In consenting a patient for 5-FU-based
therapy, it is reasonable to cite a 5% or higher risk of sig-
nificant cardiac events for patients with known coronary
disease. It is important to put this risk in perspective with the
known benefit of 5-FU with respect to the patient’s cancer,
as well as to emphasize that any chest pain or shortness of
breath with 5-FU or its oral prodrug, capecitabine, may
represent a potentially life-threatening event and must be
reported to healthcare providers immediately.

In case 3B, GDMT for coronary artery disease, as rec-
ommended independently of the patient’s cancer status, was
imperative to allow for continued 5-FU based chemotherapy.
Revascularization in the setting of accelerating anginal
symptoms and a high-risk stress test allowed the patient to
continue successfully with 5-FU based therapy for several
more years. Data are not available to guide the decision as to
when to start or resume 5-FU-based therapy after cardiac
revascularization, and thus the decision is based on a con-
sensus opinion in consultation with the patient, the oncolo-
gist, the interventional cardiologist or cardiothoracic
surgeon, and the cardio-oncologist involved in the patient’s
care. The patients in both case 3A and case 3B were
admitted for cardiac monitoring when resuming 5-FU-based
therapy, a reasonable practice that allows for timely inter-
vention should anginal symptoms/signs recur with
re-challenge, though no specific data quantify the benefit.

In case 3A and case 3B, after revascularization, and in
discussion with the oncologist and the cardio-oncologist,
each patient’s chemotherapy was changed from FOLFOX to
FLOX. With respect to 5-FU, FOLFOX includes a bolus and
a 48H infusion, whereas FLOX includes a bolus alone. The
overall dose, administration schedule, and non-cardiac side
effect profiles are different. Continuous infusion 5-FU may
carry a higher risk of cardiac events than bolus alone [23,
26–28]. The incidence of events with capecitabine appears
similar to 5-FU continuous infusion over 5 days [23, 26, 27,
29]. One frequently cited study of patients, mostly with
colorectal or head and neck cancers, found an incidence of
cardiac toxicity, defined as symptoms and/or EKG changes,
of 2.3% with bolus 5-FU alone compared to 6.7% when
5-FU was delivered by prolonged infusion (with similar
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cardiac toxicity with oral capecitabine) [26]. Though
head-to-head comparisons of FOLFOX versus FLOX are not
available, for example, in the adjuvant treatment of stage 2/3
colorectal cancer, significant data from the Mosaic and
NSABP trials support the use of FOLFOX over FLOX [30].
It is imperative that the cardio-oncologist and the oncologist
discuss how changes in dose/delivery of 5-FU therapy may
affect the oncologic outcome. As with case 3A and case 3B,
it is reasonable to ask the oncologist to consider bolus 5-FU
alone when the risk of cardiac toxicity with prolonged
infusion of 5-FU is prohibitively high.

11.5 Case 4

A young woman without cardiac risk factors with stress
cardiomyopathy.

• A 45-year-old woman with metastatic colon cancer was
started on 5-FU based therapy with FOLFOX (bo-
lus + 48H infusion pump).

• At pump disconnect, she reported that she had experi-
enced stuttering chest pain and dyspnea for the prior 12H.

• EKG demonstrated <1 mm ST elevation. She was trans-
ferred for emergent cardiac catheterization given
on-going symptoms and EKG findings.

• Angiogram revealed normal coronary arteries and severe
global hypokinesis, LV EF 20%. She required hemody-
namic support with an intra-aortic balloon pump and
pressors. Troponin was borderline elevated.

• Over the next few days, she was stabilized and hemo-
dynamic support was discontinued.

• EKGs evolved with pronounced ST-T wave abnormalities.
• She was discharged on low-dose carvedilol.
• Outpatient echocardiogram 2 weeks later demonstrated

normal LV systolic function. The patient had no symp-
toms or signs of heart failure.

• Given the patient’s young age and lack of other compa-
rable treatment options, the oncologist, cardio-oncologist,
and patient agreed to attempt re-challenge in a highly
monitored setting with prophylaxis (nitrates,
calcium-channel blockers and continued carvedilol).

• One month after the initial event, the patient was admitted to
a cardiac care unit for re-challenge on low dose carvedilol,
nitrates, and calcium channel blockers. She was treated with
a reduced dose 5-FU, bolus with a proposed 48H infusion.

• At 36H, the patient reported chest pain and the 5-FU
infusion pump was discontinued. EKGs demonstrated
similar evolution, initially < 1 mm ST elevation evolving
over the next several days with marked ST-T wave

abnormalities (Fig. 11.5). Echocardiogram demonstrated
moderate-severe global hypokinesis, LV EF 34%. Tro-
ponins were normal throughout. The patient remained
hemodynamically stable.

• The EF normalized within days and the patient was dis-
charged on low dose carvedilol. Other agents were dis-
continued due to asymptomatic low blood pressure.

• The patient was not rechallenged.

11.5.1 Discussion

Data suggest cardiac events occur most frequently during the
first .5-FU cycle, incidence twice to eight times higher than with
later cycles [25, 28, 31–34]. Median onset is reported within
72H of initiating 5-FU [31, 33, 34]. The effect of oral capeci-
tabine is similar to a continuous low-dose infusion of 5-FU [23].
Though the incidence of cardiac events with capecitabine is
higher during the first cycle, 5.2% vs 1.3% in later cycles, the
onset of cardiac toxicity is even less predictable, as might be
expected with delivery via an oral pro-drug [32].

Dose reduction and prophylaxis with anti-anginal therapy
(usually nitrates and/or calcium channel blockers) as
attempted in case 4, as well as bolus rather than continuous
infusion, may be helpful, as suggested in published algo-
rithms [26, 34–36]. Given the complex pathophysiology of
5-FU cardiotoxicity, these measures are not always sufficient
to prevent events, as demonstrated in case 4. Careful inpa-
tient monitoring allowed re-challenge in a controlled setting
with timely discontinuation of the 5-FU infusion pump and
appropriate cardiac care.

In the acute setting, treatment of 5-FU cardiotoxicity
includes nitrates and/or calcium channel blockers to address
possible vasospasm, as well as GDMT for ACS/STEMI if
underlying coronary artery disease cannot be definitively ruled
out. As in case 4, emergent cardiac catheterization is recom-
mended in the presence of significant ST-segment elevation,
depression, new LBBB or hemodynamic instability. Stress
cardiomyopathy is a less common but reported cardiac toxicity
of 5-FU therapy [37]. Case 4 is prototypical with severe decline
in LV function, minimal EKG changes initially with the evo-
lution of deep T wave inversions over hours to days, and
borderline elevated troponin, as well as recovery of LV systolic
function over a short period without significant pharmacologic
intervention. Case 4 also demonstrates recurrent events with
re-challenge with 5-FU, as can be seen with stress cardiomy-
opathy in other settings. Given the risk to the patient in this
circumstance despite all efforts to rechallenge safely, discon-
tinuation of 5-FU-based therapy was the only option.
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12Cisplatin and Carboplatin

Lili Zhang and Michelle N. Johnson

Key Points

• Platinum-based agents are the backbone of therapeutic
regimens in many cancer types.

• Cisplatin-based regimens have been associated with
thromboembolic complications, affecting both venous
and arterial systems.

• The pathogenesis may include hypomagnesemia, vascu-
lar damage, alterations in platelet aggregation, increased
von Willebrand factor, and damage to endothelial cells.

• The incidence of venous thromboembolism with cisplatin
was 1.92% and for arterial thromboembolism 0.67%, as
reported in systemic review and meta-analysis studies.

• Cisplatin is associated with a long term increased risk of
coronary artery disease.

• Carboplatin is more water-soluble and induces fewer
adverse reactions than cisplatin.

12.1 Introduction

Platinum-based agents belong to alkylating antineoplastic
agents. They are the backbone of most chemotherapeutic
regimens in many cancer types, including testicular cancer,
ovarian cancer, cervical cancer, breast cancer, lung cancer,
bladder cancer, and head and neck cancer [1].

Platinum-based drugs, including the globally approved cis-
platin, carboplatin, and oxaliplatin, are neutral platinum
(II) complexes that when combined with water molecules
bind with DNA. The platinum DNA adducts can impede
cellular processes and lead to cellular apoptosis. Cisplatin is
the first-generation platinum-based drug. Carboplatin is a
derivative of cisplatin with a similar mechanism of action
but different toxicity.

12.2 Cisplatin

Cisplatin has dose-limiting side-effects, such as nephrotox-
icity, ototoxicity, hepatotoxicity, and gastrointestinal dys-
function. Besides these toxicities, many survivors may
experience acute or chronic cardiovascular complications
that can impair their quality of life [2]. Cisplatin-based
regimens have been associated with a wide range of
thromboembolic complications, affecting both venous and
arterial systems [3, 4]. The pathogenesis may include
hypomagnesemia, vascular damage, alterations in platelet
aggregation, increased von Willebrand factor, and damage
to endothelial cells via increased formation of procoagulant
endothelial microparticles [5, 6]. A large retrospective
analysis of 932 patients treated with cisplatin-based
chemotherapy for any type of malignancy at Memorial
Sloan-Kettering Cancer Center revealed that 18% of patients
experienced venous or arterial thromboembolic events
(TEE) during treatment or within 4 weeks of the last dose.
TEE included deep vein thrombosis (DVT) alone in 49.7%,
pulmonary embolus (PE) alone in 25.4%, DVT plus PE in
13.6%, arterial TEE alone in 8.3%, or DVT plus arterial
TEE in 3.0%. The arterial TEE primarily consisted of
myocardial infarction (10.5%) and cerebrovascular
accident/transient ischemic attack (57.9%). Most patients
experienced TEE within 100 days of initiation of treatment
[7]. In a prospective study of 108 patients with stage III to
IV non-small cell lung cancer treated with cisplatin and
gemcitabine, 19 (17.6%) of 108 patients experienced a TEE

Electronic supplementary material
The online version of this chapter (https://doi.org/10.1007/978-3-030-
70998-3_12) contains supplementary material, which is available to
authorized users.

L. Zhang
Cardio-Oncology Program, Division of Cardiology, Department
of Medicine, Montefiore Medical Center, Albert Einstein College
of Medicine, 111 E 210th Street, Bronx, NY 10467, USA
e-mail: lilizhan@montefiore.org

M. N. Johnson (&)
Department of Medicine, Memorial Sloan Kettering Cancer
Center, 1275 York Avenue, New York, NY 10065, USA
e-mail: Johnsom1@mskcc.org

© Springer Nature Switzerland AG 2021
R. M. Steingart et al. (eds.), Atlas of Imaging in Cardio-Oncology,
https://doi.org/10.1007/978-3-030-70998-3_12

79

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-70998-3_12&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-70998-3_12&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-70998-3_12&amp;domain=pdf
http://dx.doi.org/10.1007/978-3-030-70998-3_12
http://dx.doi.org/10.1007/978-3-030-70998-3_12
mailto:lilizhan@montefiore.org
mailto:Johnsom1@mskcc.org
https://doi.org/10.1007/978-3-030-70998-3_12


and 4 of those 19 patients died as a result of the event [8].
However, the overall reported incidence of venous and
arterial TEE appears lower in randomized controlled trials.
In a systemic review and meta-analysis of 8,216 patients
from 38 randomized controlled trials, the incidence of
venous TEE was 1.92% (95% CI, 1.07 to 2.76%) and of
arterial TEE was 0.67% (95% CI, 0.40 to 0.95%) in patients
treated with cisplatin-based chemotherapy. The relative risk
of venous TEE for cisplatin-based versus non-cisplatin-
based chemotherapy was 1.67 (95% CI, 1.25 to 2.23;
P = 0.01) and of arterial TEE was 1.36 (95% CI = 0.86 to
2.17; P = 0.19) [9, 10].

Long-term, the use of cisplatin is associated with an
increased risk of coronary artery disease (CAD) even many
years after completion of the therapy. In 1,463 long-term
survivors of unilateral testicular cancer, 8.0% of patients
experienced atherosclerotic disease and 5.6% were diag-
nosed with CAD during a median follow-up time of
19 years. Treatment with cisplatin, bleomycin, and etopo-
side alone had a 5.7-fold higher risk for CAD compared with
surgery only and a 3.1-fold higher risk for myocardial
infarction compared with control [11]. Studies have reported
a 1.4- to 7-fold higher CAD risk among cisplatin-treated
testicular cancer survivors than in either the general popu-
lation or in testicular cancer survivors managed with surgery
alone [11–15]. Endothelial dysfunction associated with
cisplatin-based chemotherapy represents a possible patho-
genic pathway [16, 17]. In addition, platinum concentrations
20–30 years after platinum administration were significantly
higher than those of controls, that is, the retention of plat-
inum in the plasma was found up to 20 years after treatment
[18].

Cisplatin infrequently causes heart failure (HF) and car-
diomyopathy attributed to differing pathological effects,
including myocardial ischemia, increased oxidative stress,
and apoptosis [19]. Additionally, platinum-containing
chemotherapy requires administration of a high intra-
venous fluid volume. Rather than the direct toxicity of these
drugs, exacerbation of pre-existing myocardial impairment is
often the cause of HF. In a longitudinal cohort of 37 patients,
echocardiograms were obtained at 10 months and 6.9 years
after starting cisplatin-based chemotherapy. Diastolic cardiac
parameters became significantly impaired compared with
healthy age-matched males and one patient developed
LVEF <50% [20]. In another study, after 3 months
of starting with cisplatin-based chemotherapy for testicular
cancer, acute reduction of left ventricular (LV) end-diastolic
volume, LV stroke volume, and diastolic function (the ratio
of early diastole and atrial filling velocities across the mitral
valve) by cardiac magnetic resonance imaging was reported
[21]. It has been demonstrated that elevations in troponin
and N- terminal pro-brain natriuretic peptide occurred

occasionally during cisplatin administration in non-small cell
lung cancer patients [22].

Cisplatin is also associated with arrhythmias, such as
bradycardia, conduction disturbances, atrial fibrillation,
supraventricular tachycardia, and ventricular
tachycardia/fibrillation [2, 23–25]. Other cardiac complica-
tions of cisplatin include autonomic cardiovascular dys-
function, both hypertension and hypotension, Raynaud’s
phenomenon, angina, myocarditis, and pericarditis [19].

12.3 Carboplatin

Carboplatin is a second-generation platinum-containing
anti-cancer drug. It is more water-soluble and induces
fewer adverse reactions than cisplatin. The cardiotoxicities
of carboplatin are uncommon. It is thought that carboplatin-
induced oxidative stress with subsequent tissue injury and
reactive oxygen species may lead to cardiotoxicities [26].

Cardiac toxic effects of carboplatin have been occasion-
ally reported in clinical trials and case reports. For example,
in a phase II trial of 27 patients with recurrent squamous cell
carcinoma of the head and neck treated with the paclitaxel–
carboplatin combination, one patient had severe cardiotoxi-
city 12 hours after the completion of the first chemotherapy
infusion, which required hospitalization for 5 days. Treat-
ment of this patient was subsequently interrupted [27]. Yano
et al. reported a case of vasospastic angina following the
administration of carboplatin and etoposide in a patient with
small cell lung carcinoma. This patient developed acute
chest pain, ST elevation on the electrocardiogram, and
subsequent cardiopulmonary arrest [28]. Similarly, a case of
unstable angina in a patient with advanced melanoma was
reported. The patient had a history of coronary artery disease
and first experienced angina with a cisplatin-containing
regimen. Two years later, the patient again developed acute
chest pressure approximately 20 min into his cycle 2 infu-
sion of carboplatin [29]. Another patient experienced heart
failure after completing six cycles of carboplatin and gem-
citabine for metastatic urothelial cancer [30]. In a group of
31 female patients with ovarian cancer receiving treatment
with paclitaxel and carboplatin, at the 3–4 month auto-
nomic nervous system assessment, 19% of the patients had
systolic orthostatic hypotension and the same percentage had
diastolic orthostatic hypotension. Parasympathetic heart
innervation was significantly reduced during follow-up
compared with age- and gender-matched healthy controls
but sympathetic skin response was not affected [31]. In
addition, atrial flutter has been reported in patients who
underwent carboplatin administration [32].

The following cases are examples of cardiovascular
complications due to platinum agents.
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12.4 Case 1

Acute coronary syndrome with cisplatin demonstrating:

• Thrombogenicity of cisplatin in coronary arteries.
• Potential need for anticoagulation in the setting of active

chemotherapy.
• Carboplatin is better tolerated than cisplatin.

A 24-year-old male with stage IIIA non-seminomatous
germ cell tumor s/p three cycles of etoposide and cisplatin,
3 days later, he developed chills, low-grade fever, and chest
discomfort. He presented to the emergency room where he
developed retrosternal pressure radiating to the right arm,
associated with nausea and severe vomiting. An ECG was
performed (Fig. 12.1).

The EKG showed diffuse ST elevation. Troponin was
elevated at 2.3 ng/ml, given the diffuse nature of ST eleva-
tions, his age, and absence of cardiac risk factors, he was
admitted with myopericarditis. Echocardiography was per-
formed (Fig. 12.2, Video 12.1) which revealed extensive
wall motion abnormalities with akinesis of the inferior apical
wall, distal anterior wall, distal interventricular septum and
apex. There was evidence of an atypical thrombus at the
apex. He was then immediately taken for cardiac catheteri-
zation (Fig. 12.3).

Catheterization showed total occlusion of the proximal to
mid LAD with thrombus. The thrombus was aspirated three
times with approximately 80 mL of clot being removed. He
then received a drug-eluting stent to the LAD. Only intimal
thickening was described at the site of the thrombus. He was
referred for a CT scan (Fig. 12.4).

CAT scan showed a filling defect at the left ventricular
apex. Given the presence of LV thrombus, he received triple
therapy with aspirin and plavix and was bridged with
enoxaparin to warfarin until he had a therapeutic INR. He
was also treated with atorvastatin, metoprolol, and lisinopril.
He was switched from warfarin to enoxaparin and ultimately
to a direct oral anticoagulat for a total of 3 months of ther-
apy. Repeat echocardiogram showed no evidence of a focal
thrombus.

He was then admitted for telemetry monitoring for cycle
4 of etoposide and carboplatin therapy. He tolerated these
agents without further cardiac event.

12.5 Case 2. Splenic Infarct and Hepatic
Artery Thrombosis

Arterial thrombosis with cisplatin.
A 48-year-old man with clinical stage IIA non-seminoma

testis germ cell tumor had elevated tumor markers, bilateral
disease on CT scan, and bilateral enlarged lymph nodes. He
underwent left orchiectomy and retroperitoneal lymph node
dissection. Pathology confirmed non-seminoma testis germ
cell tumor. Postoperatively, HCG remained elevated
prompting recommendation for adjuvant chemotherapy. He
was prescribed etoposide and cisplatin (EP).

One week after starting treatment with EP, he presented
with complaints of bloating and abdominal pain, which had
been getting progressively worse over the past few days. He
described severe discomfort radiating up to his ribs and
down back toward the flank. He was referred for CT imaging
of the abdomen (Fig. 12.5).

Fig. 12.1 ECG on presentation with diffuse ST segment elevation
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Diastole Systole

Fig. 12.2 Echocardiogram with apical mass (arrow) and regional wall motion abnormality

Fig. 12.3 Left coronary system showing thrombotic occlusion of left anterior descending artery (arrow)

Fig. 12.4 CAT scan showing left ventricular thrombus (arrow)

CT showed a wedge-shaped defect in the spleen consis-
tent with acute infarct. There was also stenosis at the origin
of the celiac axis with post-stenotic dilatation, and also noted
was a new thrombus in this celiac axis with thrombosis of
the proximal hepatic artery. He was admitted to the hospital
where the hematology service recommended anticoagulation
and the vascular surgery service agreed with treating con-
servatively without surgery. He was started on intravenous
heparin and transitioned to enoxaparin.

Given the potential risk of developing life-threatening
arterial thrombosis with the second cycle of EP, the patient
was switched to carboplatin and etoposide. It was felt that
the risk of another potential catastrophic arterial thrombosis
was higher than the risk of relapse due to the use of car-
boplatin substituting for cisplatin.
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12.6 Case 3: Femoral Arterial Thrombosis

Arterial thrombosis managed conservatively. A 34-year-old
man with a history of stage I seminoma presented with right
testicular mass and underwent orchiectomy and radiation
therapy. There was evidence of lymph node involvement
and possible disease of the left apex of the lung. Oncology
consult recommended EP for a total of four cycles. He tol-
erated chemotherapy well without any requirement for
hospitalizations.

However, a few days after completing chemotherapy, he
presented to urgent care with right lower extremity pain.
While he was having blood drawn, he had a witnessed
syncopal episode with facial twitching and hand drifting to
the left. He had no prior history of seizures. He underwent

imaging of the head, which was unremarkable, and was
diagnosed with vasovagal syncope.

Two days later, he underwent a restaging CT scan
(Fig. 12.6). CT showed a new small non-occlusive thrombus
in the right common femoral artery. In retrospect, he noted
that over the prior week, he had worsening right lower
extremity pain initially while walking but subsequently had
been experiencing rest pain. He was found to have slightly
cold toes and weak dorsalis pedis pulse. He was started on
enoxaparin. Vascular surgery was consulted. Symptoms and
clinical findings seemed out of proportion to CT results
prompting recommendations for CT angiogram. CT angio-
gram revealed previously noted non-occlusive thrombus of
the right common femoral artery, occlusion of the peroneal
artery with the reconstitution of flow distally as well as
occlusion of the posterior tibial artery. He was managed
conservatively with enoxaparin.

12.7 Case 4: Arterial Thrombus Requiring
an Invasive Procedure

The patient is a 43-year-old male with a recent diagnosis of
non-seminoma embryonal cell carcinoma of the left testicle
status post-left radical orchiectomy. CT revealed pulmonary
nodules consistent with metastatic disease. He began
chemotherapy with EP � 4.

Following cycle 2 (day 7), he developed acute R foot pain
and bluish discoloration in the setting of 1 to 2 days of right
lower extremity pain. On examination, there was no palpable
pedal or dorsalis pedal, or popliteal pulses on the right but
the femoral pulse was palpable. He underwent emergent
CTA (Fig. 12.7).

CTA revealed a right occlusive thrombus involving the
entire length of the profunda femoris artery and in the

1 2 

Fig. 12.5. 1. New splenic infarct. 2. Celiac axis thrombosis likely
caused by proximal stenosis and dissection at the bifurcation of the
celiac trunk. 3. Thrombosis of the proximal hepatic artery

Fig. 12.6 CAT scan with non-occlusive thrombus in right femoral artery
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tibioperoneal trunk. He underwent RLE embolectomies and
received enoxaparin injections. He was switched to carbo-
platin for the remaining two cycles and completed treatment
without further event (Fig. 12.8).
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13Cardiac Risk Assessment Prior
to Hematopoietic Stem Cell Transplantation:
Cases and Management Strategies

Wendy Schaffer

Key Points

• Cardiac risk assessment is a standard component of the
pre-hematopoietic stem cell transplantation (HCT)
screening, which considers performance status, left ven-
tricular ejection fraction (LVEF), pulmonary function
tests, and existing cardiovascular (CV) comorbidities.

• Carefully formulated management strategies based on the
CV assessment can help mitigate the cardiac risk asso-
ciated with physiologic stressors during the peri-HCT
period.

• In patients with high risk or unstable coronary artery
disease (CAD), the decision to revascularize prior to HCT
should be made by a cardio-oncologist in collaboration
with the transplant oncologist and the interventional
cardiologist, weighing the risk of delaying transplant with
the benefit of revascularization.

• With meticulous multidisciplinary care from the trans-
plant team and the cardio-oncology service, carefully
selected patients with LV systolic dysfunction can pro-
ceed with HCT without prohibitively increased risk.

• Patients with arrhythmias during HCT have increased
length of transplant hospitalization, increased
transplant-related mortality, and decreased overall sur-
vival at 1 year.

13.1 Introduction

Hematopoietic stem cell transplantation (HCT) represents an
extended period of physiologic stress that is especially
challenging for patients with cardiac co-morbidities.
Peripheral blood stem cell grafts and improved supportive
care have made HCT accessible to older adults who are more

likely to have concurrent cardiac disease [1, 2]. Cardiac risk
assessment is a standard component of the pre-HCT
screening, which takes into account performance status,
left ventricular ejection fraction (LVEF), pulmonary function
tests, and existing cardiovascular comorbidities. The HCT-
comorbidity index currently used by transplant teams to
predict non-relapse mortality with increased risk associated
with valvular heart disease (3 points), arrhythmias (1 point),
or cardiac dysfunction (1 point, defined as coronary artery
disease requiring medical treatment or revascularization,
myocardial infarction, congestive heart failure or EF �
50%) [3]. Non-relapse mortality (NRM) at 2 years with a
score of 1–2 is 21% and increases to 41% with a score above
2 [4]. However, how accurately it applies to contemporary
HCT is uncertain, as this comorbidity index scoring system
was developed more than 15 years ago. Routine stress
testing does not add significant prognostic information [5–
7]. Once cardiovascular assessment has been completed,
carefully formulated management strategies can help miti-
gate the cardiac risk associated with physiologic stressors
during the peri-HCT period such as thrombocytopenia,
anemia, tachycardia, hypotension, fluid challenges, and
electrolyte imbalance [1]. Though transfusion requirements
vary greatly depending on underlying cancer, prior treat-
ments, and HCT conditioning, one study of patients with
non-Hodgkin’s lymphoma or multiple myeloma demon-
strates the degree of physiologic stress of HCT, with median
of 21 days to platelets above 50K and median transfusion of
5 platelet units (range 1–74) and 3 red blood cell units (range
0–30) [1]. As many as 10–20% of patients undergoing
HSCT are transferred to the intensive care unit with mor-
tality rates >50% [1, 4, 8]. Drug interactions limit options
for cardiac care, further complicated by renal dysfunction in
20% of patients and hepatic dysfunction in 30% [9]. Optimal
cardiac care during HCT includes meticulous volume man-
agement and electrolyte repletion and frequent adjustments
of guideline-directed medical therapy of cardiac risk factors
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and established cardiac disease, as dictated by hemody-
namics and engraftment status. The following cases
demonstrate some of the challenges of assessing and
managing cardiac risk in the setting of HCT.

13.2 Coronary Artery Disease and HCT

13.2.1 Case 1A

An older man with cardiac risk factors, pan-cytopenic due to
transfusion-dependent myelodysplastic syndrome planned
for allogeneic HCT reports chest pain when severely anemic.

• A 65-year-old man, a prior smoker, with hypertension
and elevated cholesterol, pan-cytopenic and
transfusion-dependent (platelets and red blood cells)
myelodysplastic syndrome (MDS) reported recent onset
exertional chest pain when hemoglobin (Hb) level in the
7 g/dL range, as compared to Hb in the 9 g/dL range.

• EKG with non-specific ST abnormality, borderline ele-
vated troponin, and normal LV function on
echocardiogram.

• Given pancytopenia and plan for HCT, aggressive med-
ical therapy for presumed coronary artery disease
(CAD) with beta-blocker and statin was initiated to
manage symptoms and proceed with HCT. Aspirin was
held given severe thrombocytopenia.

• Patient then presented prior to HCT with neutropenic
fever with Hb around 9 g/dL, EKG (Fig. 13.1) with ST
depression and troponin now markedly elevated.

• With platelet support, a cardiac catheterization demon-
strated severe multi-vessel disease.

• Discussion ensued with the oncologist, transplant oncol-
ogist, interventional cardiologist, and cardio-thoracic
surgeon, with a consensus that coronary artery bypass
grafting (CABG) would be preferred over multi-vessel
percutaneous coronary intervention (PCI) due to anatomy
and urgent need to proceed with HCT, despite risks
related to thrombocytopenia and neutropenia.

• Patient underwent uncomplicated CABG with platelet
support, followed 3 months later by allogeneic HCT, also
without cardiac complications

13.2.2 Case 1B

An older man with multiple myeloma and no known cardiac
risk factors has an ST elevation myocardial infarction
(STEMI) prior to autologous HCT.

• A 56-year-old man with no known cardiac risk factors
and multiple myeloma was planned for admission for
autologous HCT, having already successfully completed
stem cell collection.

Fig. 13.1 EKG with ST depression suggestive of ischemia in a 65-year-old man with MDS and neutropenic fever being considered for allogeneic
HCT. Cardiac catheterization performed with platelet support demonstrated severe multi-vessel disease
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• One week prior to admission, he presented to an outside
hospital with an EKG (Fig. 13.2) consistent with an
inferior STEMI and received a drug-eluting stent
(DES) to the right coronary artery (RCA). No other
obstructive disease was identified. LVEF was borderline
decreased with inferior wall hypokinesis.

• HCT was postponed and he continued on
guideline-directed medical therapy (GDMT) including
dual antiplatelet therapy (DAPT) for his CAD.

• His multiple myeloma remained relatively quiescent for
over a year, at which time other treatment options were
pursued, as either superior or comparable to autologous
HCT from an oncologic perspective.

• The patient continues on GDMT for his CAD including
DAPT without cardiac complications.

13.2.3 Discussion

There are little published data on patients with CAD un-
dergoing HCT, a case report from 1994, and a retrospective
study of about 70 patients with established CAD [10, 11]. In
the retrospective study, slightly more than half of the
patients underwent autologous transplant, almost all
peripheral stem cell grafts, with more than 85% receiving
myeloablative conditioning predominantly for lymphoma,

leukemia, and multiple myeloma [10]. Though it is reas-
suring that ICU admission, transplant-related mortality, and
overall survival at 1 year were similar to a matched group
without coronary artery disease, the cases included in this
study were carefully selected through the transplant screen-
ing process [10]. Sections 13.2.1 and 13.2.2 demonstrate the
challenges of caring for patients with higher risk CAD
peri-transplant. In Sect. 13.2.1, given the patient’s severe
thrombocytopenia, anemia, and neutropenia, an initial effort
was made to determine if GDMT of his CAD with a higher
Hb transfusion cutoff would alleviate the patient’s symp-
toms. When the patient presented with pneumonia, hemo-
dynamically stable, with a Hb of 9 g/dL and had an ischemic
EKG and elevated troponin, it became clear that the patient’s
CAD was too severe to manage through transplant and that
the risks of cardiac catheterization in this thrombocytopenic,
anemic, neutropenic patient were unavoidable if he was to
proceed to transplant. As well, discussions with his oncol-
ogist and transplant oncologist revealed that he had no other
available treatment options besides allogeneic HCT, which
could be curative. When catheterization demonstrated
extensive multi-vessel disease, the interventionalist, in dis-
cussion with the cardio-thoracic surgeon, felt the risk of
trying to keep the patient on DAPT for an extended period of
time while dependent on platelet transfusions outweighed
the upfront risk of infection and bleeding with CABG given
the patient’s thrombocytopenia and neutropenia. The

Fig. 13.2 EKG consistent with inferior STEMI in a 56-year-old man
with multiple myeloma 1 week prior to planned admission for
autologous HCT. A drug-eluting stent was placed on the right coronary

artery. Transplant was postponed and other therapies for multiple
myeloma were successfully pursued
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oncologist felt that from the oncologic standpoint, the patient
would have time to recover from the CABG prior to pro-
ceeding with HCT without compromising the oncologic
outcome. For transplant, the patient’s aspirin was discon-
tinued when platelets were less than 50K, resumed when
platelets above 50K, statin was held due to medication
interactions, and Hb was kept above 7 g/dl. The patient had
no cardiac complications and post-transplant reported that
overall he felt better than he had in years. In Sect. 13.2.2, the
patient had undergone stem cell collection and was planned
for autologous HCT. He postponed admission until after his
daughter’s wedding and had an inferior STEMI at the
wedding. He presented post-event with a new-generation
DES to the RCA, EF borderline, no symptoms of heart
failure. In discussions with his multiple myeloma oncologist,
his disease was under control and transplant could be
delayed. A decision was made to monitor his multiple
myeloma carefully and continued GDMT for his CAD. As
compared to the patient in Sect. 13.2.1, autologous HCT in
patients with multiple myeloma can be life-prolonging but is
not curative. As is often the case with multiple myeloma, the
patient in Sect. 13.2.2 had and continues, several years after
his STEMI, to have multiple treatment options that are
comparable to HCT. The STEMI and placement of a DES
were the initial reasons that HCT was postponed, but
eventually the consensus was that there were other treatment
options that the patient and oncologist as a team preferred to
pursue.

If there is clinical concern that a patient has a high risk or
unstable CAD, evaluation prior to HCT is warranted,
including stress testing and/or cardiac catheterization. The
decision to revascularize prior to HCT should be made by a
cardio-oncologist in collaboration with the transplant
oncologist and the interventional cardiologist, weighing the
risk of delaying transplant with the benefit of revascular-
ization. The method of revascularization, PCI with new
generation drug-eluting stent(s) vs CABG, should be deci-
ded in the context of the patient’s cancer and the expected
minimum required duration of DAPT. Though DAPT is
often recommended for up to 1 year from stent placement, it
is not uncommon to use cutoffs of 3 months or even shorter
when a patient has a narrow window of opportunity for
HCT, especially when HCT is potentially a curative proce-
dure for a life-threatening cancer [12]. It is common to
discontinue aspirin when platelets drop below 50K for other
indications (for example, after CABG), but platelets less
than 20K may be a more appropriate cutoff if the patient has
a recent DES [13]. Further informing the discussion of
aspirin use with severe thrombocytopenia are two studies
that confirm aspirin continues to have a significant benefit in
cancer patients with an acute coronary syndrome (ACS),
even in the setting of severe thrombocytopenia [14, 15].
Aspirin should be restarted when the patient has engrafted

with platelets above the chosen cutoff. Statins are often
discontinued for HCT due to drug interactions, and restarted
post-transplant admission, but there is no definite con-
traindication. Rosuvastatin at a reduced dose, as well as
pravastatin, is often well tolerated.

13.3 Pulmonary Hypertension and HCT

13.3.1 Case 2A

A young woman with familial myelodysplastic syndrome
decompensates with syncope and severe pulmonary hyper-
tension during conditioning for allogeneic HCT.

• A 20-year-old woman with myelodysplastic syndrome
and no cardiac history was admitted for allogeneic HCT.
Her conditioning began with the infusion of antithy-
moctye globulin (ATG) to reduce the risk of GVHD. This
was complicated by disseminated intravascular coagula-
tion requiring large volume transfusions.

• An echo was performed due to lightheadedness while
doing physical therapy and then syncope in the setting of
nausea.

• Echo (Fig. 13.3) demonstrated severe RV enlargement
and hypokinesis, a flattened septum consistent with RV
pressure/volume overload, and a hyperdynamic and

Fig. 13.3 Echo image (apical four-chamber view) demonstrating a
severely enlarged RV with a flattened septum consistent with RV
pressure/volume overload in a 20-year-old woman with MDS who was
admitted for allogeneic HCT. She had received antithymoctye globulin
(ATG) to reduce the risk of GVHD, complicated by disseminated
intravascular coagulation and severe pulmonary hypertension. Trans-
plant was delayed to address the elevated pulmonary pressures and
allow the right heart to recover
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underfilled LV. Pulmonary pressure on the echo was
indeterminate.

• PE protocol CT demonstrated no pulmonary embolus. An
emergent right heart catheterization (RHC) was per-
formed with severely elevated pulmonary pressures.

• The patient was treated with inhaled nitric oxide, vaso-
pressin, milrinone, and diuresis and discharged on tada-
lafil, ambrisentan, and furosemide.

• HCT was postponed until echo evidence of normal RV
size and function as well as clinical improvement in her
exercise capacity.

• Prior to her re-admission for allogeneic HCT, there was
discussion as to whether a repeated RHC was indicated.
The pulmonary hypertension center where the patient was
managed deemed this unnecessary given her right heart
function had normalized on repeat echo with normal
pulmonary artery (PA) pressure.

• During her transplant admission, she received ATG with
pre-medications without complications. When severe
mucositis limited PO intake, tadalafil was changed to IV
sildenafil. With meticulous management of the patient’s
fluid status, she did well, with no significant cardiac
complications.

• Over the subsequent 2 years, furosemide and ambrisentan
were titrated off, tadalafil dose was reduced. RHC was
essentially normal and the patient continues to do well on
low dose tadalafil.

13.3.2 Case 2B

A woman with multiple prior cancers and treatment-related
myelodysplastic syndrome decompensates with
micafungin-induced hemolytic shock during conditioning
for HCT, with severe right heart dysfunction and pulmonary
embolus.

• A 42-year-old woman with a prior history of breast
cancer treated with lumpectomy and chemotherapy, as
well as sarcoma treated with resection and chemotherapy,
lifetime dose of doxorubicin 400 mg/m2, was admitted
for allogeneic HCT in the setting of therapy-related MDS.

• Prior to HCT, she developed multi-organ failure attrib-
uted to a micafungin-induced hemolytic reaction, with
pressor-dependent shock, acute renal failure, and dis-
seminated intravascular coagulation (DIC).

• EKG demonstrated a new right bundle branch block
(RBBB). Troponins were markedly elevated. LV function
on echo was hyperdynamic with a flattened septum sug-
gesting right ventricular (RV) pressure/volume overload
and dilated and hypokinetic RV (Fig. 13.4).

• CT demonstrated subsegmental pulmonary embolism
(PE). Anticoagulation was initiated when platelets were
recovered. Hemodynamics and RV function recovered
with supportive care in the ICU.

• HCT was postponed until echo demonstrated normal RV
size and function, as well as clinical improvement in her
exercise capacity.

• During her transplant admission, anti-fungals were
adjusted and administered without complications.
LMWH was dose adjusted based on the severity of
thrombocytopenia.

• With meticulous management of fluid status and elec-
trolytes, the patient did well with no significant cardiac
complications.

13.3.3 Discussion

There are no large scale clinical trials addressing the man-
agement of pre-existing pulmonary hypertension in the set-
ting of HCT. Acutely decompensated right heart failure/
severe pulmonary hypertension requires intensive care unit
support and when possible the expertise of a dedicated pul-
monary hypertension center. When identified pre-HCT, it is
imperative that pulmonary hypertension and right heart
dysfunction be addressed prior to proceeding. In Sect. 13.3.1,

Fig. 13.4 EKG with a new right bundle branch block (RBBB) in a
42-year-old woman with myelodysplastic syndrome admitted for
allogeneic HCT who developed pulmonary hypertension and right
heart failure in the setting of a micafungin-induced hemolytic reaction,
with pressor-dependent shock, and pulmonary embolism (PE). Trans-
plant was delayed to allow for right heart function to recover

13 Cardiac Risk Assessment Prior to Hematopoietic Stem ... 91



the patient developed acute, severe pulmonary vasocon-
striction as part of her reaction to ATG. In Sect. 13.3.2, the
patient’s RV dysfunction seemed out of proportion to the CT
findings of a subsegmental PE, raising the possibility that
some degree of underlying RV dysfunction may have con-
tributed. Regardless, in both cases, HCT was aborted and the
transplant team was able to formulate an oncologic plan that
allowed the right heart time to recover from the acute phys-
iologic insult. There is no algorithm as to the appropriate
recovery time before proceeding to HCT. In Sect. 13.3.1, the
patient’s transplant was postponed approximately 6 months,
while in Sect. 13.3.2, the transplant proceeded after
2 months. In both cases, the patient, family, and transplant
team had extended discussions with the cardio-oncology
team concerning risks and benefits of delaying HCT and
management in the peri-transplant setting. Re-admission for
HCT included meticulous fluid management, and repletion of
electrolytes. In Sect. 13.3.1, an algorithm was established for
the management of the patient’s pulmonary hypertension
medications in the setting of medication interactions, as well
as an inability to take PO medications due to severe
mucositis, and in Sect. 13.3.2, a similarly outlined plan was
in place for the management of anti-coagulation in the setting
of severe thrombocytopenia and then engraftment during
HCT. Clearly, these are high-risk transplants but with careful
cardiovascular care, the risk may not be prohibitive.

13.4 Reduced LV Systolic Function and HCT

13.4.1 Case 3A

A middle-aged man with a moderate-to-severe ischemic
cardiomyopathy undergoes autologous HCT, followed by
allogeneic HCT for multiple myeloma.

• A 53-year-old man with a family history of early coro-
nary disease and multiple myeloma reported exertional
dyspnea.

• EKG suggested anterior infarct (Fig. 13.5). Echo
demonstrated a moderately reduced LVEF of 35% with
akinesis of the apical septum and moderate hypokinesis
of the other segments.

• Catheterization demonstrated a totally occluded left
anterior descending artery (LAD) and severe RCA dis-
ease with collaterals from the RCA and left circumflex
(LCx) to the LAD territory.

• The patient underwent CABG complicated by symp-
tomatic orthostatic hypotension treated with midodrine.

• LVEF remained unchanged (35–40% on multiple echos).
• Patient was without heart failure symptoms but continued

with orthostatic hypotension, intolerant to
angiotensin-converting enzyme inhibitors (ACEI), and
beta-blockers for his ischemic cardiomyopathy.

Fig. 13.5 EKG with evidence of an anterior infarct in a 53-year-old man with multiple myeloma, newly diagnosed moderate ischemic
cardiomyopathy who subsequently underwent CABG prior to autologous HCT, followed 2 years later by allogeneic HCT
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• Four months post-CAGB, the patient tolerated autologous
HCT complicated only by orthostatic hypotension
requiring careful fluid management and continued
midodrine.

• Two years later, with EF essentially unchanged and no
intervening heart failure exacerbations, the patient
underwent reduced-intensity allogeneic HCT, again only
complicated by orthostatic hypotension.

• More than a decade after the first HCT, the patient con-
tinues in remission from his multiple myeloma.

13.4.2 Case 3B

A middle-aged woman with relapsed peripheral T-cell
lymphoma/leukemic transformation is found to have a sev-
ere bi-ventricular failure on screening echo for allogeneic
HCT.

• A 49-year-old woman with hypertension and peripheral
T-cell lymphoma, initially treated with CHOP (cy-
clophosphamide, doxorubicin 300 mg/m2, vincristine, and
prednisone), was noted to have a leukemic transformation
to acute lymphoblastic leukemia. With few other options,
the patient is treated with mitoxantrone (80 mg/m2).

• Echo prior to mitoxatrone was entirely normal.
• Four months later, screening echocardiogram for allo-

geneic HCT demonstrated severe biventricular failure
with LVEF 26%, moderately elevated PA pressure, and
moderate mitral regurgitation (MR) (Fig. 13.6).

• Patient was treated with carvedilol 6.25 mg twice daily
and lisinopril 5 mg daily, doses limited by hypotension,
and diuretics.

• She was subsequently admitted several times for heart
failure and infections, delaying transplant for 6 months.

• Echo immediately prior to transplant admission demon-
strated mild improvement in LV and RV function (LV EF
41%, mild RV dysfunction), borderline elevated PA
pressure, severe diastolic dysfunction, and moderate MR.

• Reduced-intensity allogeneic HCT was complicated by
renal dysfunction and episodes of volume overload
managed with diuretics.

• The patient subsequently did well from the cardiac
standpoint but succumbed to relapsed disease 2 years
after transplant.

13.4.3 Discussion

Historically, patients with an EF <50% were ineligible for
HCT [16]. The challenges of HCT in this population are
multiple, fluid loading, acute kidney injury, hypoalbu-
minemia, hypotension, and hypertension. Even mild systolic
dysfunction is the cause for concern, and
moderate-to-severe LV dysfunction, as seen in Sect. 13.4.1,
is often considered too difficult to manage in the setting of
HCT. Many patients receive anthracyclines preceding
transplant, as was the case with the patient in Sect. 13.4.2,
where the additional anthracycline exposure to control the
patient’s disease with mitoxatrone was unavoidable [17].
That said, a number of studies now demonstrate that care-
fully selected patients with impaired LV systolic function
can proceed with HCT without prohibitively increased risk
compared to patients with normal systolic function [18–20].
As was the case with both patients presented, there are more
cardiac complications with allogeneic HCT in patients with

Fig. 13.6 Echo image with new
LV dysfunction secondary to
anthracyclines in a 49-year-old
woman with acute lymphoblastic
leukemia planned for allogeneic
HCT. Transplant was delayed and
GDMT was initiated
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LV EF � 45% who also have at least one cardiac risk
factor (prior smoking, hypertension, hyperlipidemia, CAD,
arrhythmia, or prior CHF), but 100-day non-relapse mor-
tality (NRM) is not increased compared to patients with
preserved LV function [18]. Both patients in Sects. 13.4.1
and 13.4.2 had few alternative options, and both patients
were willing to accept the upfront risk associated with HCT
for the possibility of significant benefit. Not surprisingly, the
most common cardiac complications are heart failure and
atrial arrhythmias [18, 19]. The patient in Sect. 13.4.1 did
not have heart failure complications with transplant despite
the significantly reduced LVEF. The patient in Sect. 13.4.2
had multiple heart failure admissions both before and after
transplant, which were comanaged by the transplant and
cardio-oncology teams. In the published literature, patients
with reduced LV systolic function most frequently receive
reduced-intensity conditioning, as did the patients in
Sects. 13.4.1 and 13.4.2 [18, 19]. Whether this deference to
patients’ reduced cardiac function is necessary is not clear
but should be considered on a patient-by-patient basis by the
cardio-oncologist and the transplant oncologist when
assessing patients with reduced LV function for HCT. There
are no formal guidelines as to the management of patients
with LV dysfunction during the transplant admission. As
with Sects. 13.4.1 and 13.4.2, inpatient cardio-oncology
consultation, co-management with the transplant team,
aggressive efforts to maintain euvolemia in the setting of IV

hydration and transfusions and a baseline brain natriuretic
peptide (BNP) on admission have been helpful. On dis-
charge from the transplant admission, meticulous outpatient
cardiac care in cooperation with the transplant team con-
tinues to be imperative to manage post-transplant cardiac
complications, including orthostatic hypotension, fluid
overload, hypertension, and heart failure. A re-evaluation of
LV systolic function within a few weeks of discharge or as
clinically indicated may be helpful to establish a new
baseline from which to titrate or initiate cardiac
medications.

13.5 Atrial Fibrillation and HCT

13.5.1 Case 4

An older man with poorly controlled atrial fibrillation is
considered for allogeneic HCT for relapsed CLL.

• A 66-year-old man with hypertension, diabetes, and atrial
fibrillation on full anti-coagulation had a screening EKG
allogeneic HCT for relapsed CLL that demonstrated atrial
fibrillation with poorly control ventricular rate and no
ischemic changes (Fig. 13.7).

• Patient had been diagnosed with atrial fibrillation 4 years
prior, DC cardioversion in the past, most recently chronic

Fig. 13.7 EKG with atrial fibrillation with poorly control ventricular rate and no ischemic changes in a 66-year-old man planned for allogeneic
HCT for relapsed CLL. Transplant was delayed to allow for improved heart rate control with beta-blockers and amiodarone
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persistent atrial fibrillation on metoprolol succinate
100 mg daily and full anti-coagulation.

• Pre-transplant demonstrated normal LV/RV systolic
function, severe left atrial enlargement, no significant
valve disease. Holter confirmed paroxysmal atrial fibril-
lation with sustained rates to 140 s.

• Patient reported mild dyspnea with usual activities, exam
demonstrated bibasilar rales, and bilateral edema.

• Patient’s beta-blocker was uptitrated as blood pressure
allowed, several days of diuretics were prescribed, and
amiodarone was initiated with improvement in rate con-
trol and periods of normal sinus rhythm (NSR).

• Patient underwent allogeneic HCT on metoprolol and
amiodarone, complicated by episodes of rapid ventricular
rate requiring titration of A-V nodal blockers, discharged
on metoprolol and amiodarone.

• Amiodarone was continued for 2 years after HCT, then
discontinued with concerns for pulmonary toxicity.

13.5.2 Discussion

A number of studies suggest atrial arrhythmias during HCT
are associated with poorer outcomes [21–23]. Patients with
arrhythmias during HCT have increased length of transplant
hospitalization, increased transplant-related mortality and
decreased overall survival at one year [21–23]. Patients with
underlying atrial arrhythmias, like the patient in Sect. 13.5.1,
are at increased risk [21]. Arrhythmias occur more com-
monly with allogeneic HCT, compared to autologous [21,
22]. Myeloablative conditioning does not appear to be more
arrhythmogenic than nonmyeloablative conditioning [21,
22]. As presented in Sect. 13.5.1, rate control before trans-
plant, continuing anti-arrhythmics with consideration of
renal/hepatic dysfunction, electrolyte abnormalities, toler-
ance for PO medications, drug interactions, and aggressive
management of arrhythmias during HCT is recommended.
There are no data on rhythm vs rate control. Underlying
stressors, such as infection, should be addressed, with efforts
to avoid severe anemia, fluid overload, and severe electrolyte
imbalance [22, 24]. The usual risk calculators for risk of
thromboembolic event vs the risk of bleeding do not
appropriately address the unique circumstances of HCT [25].
Instead, recommendations derived from anticoagulation for
venous thrombosis in the setting of severe thrombocytopenia
are more appropriate, with reasonable safety and efficacy:
Anticoagulation with full-dose LMWH until platelets less
than 50K, half dose for platelets 25–50, and then no anti-
coagulation for platelets less than 25 until engraftment and
platelets stable above 25K [26]. In general, direct oral anti-
coagulants (DOACs) are not recommended in the HCT
setting for atrial fibrillation due to thrombocytopenia. This

algorithm has successfully adhered to the patient in
Sect. 13.5.1 during the transplant admission and in the
immediate post-transplant setting without bleeding or
thromboembolic complications.

13.6 Summary

HCT poses a unique challenge for patients with underlying
cardiac comorbidities and places all patients at risk for car-
diac complications. As demonstrated in the cases reviewed
here, a thoughtful collaboration between the
cardio-oncologist and the transplant team is imperative to
improving patient outcomes during this period of intense
physiologic stress.
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14The Role of Myocardial Perfusion Imaging
in Cardiac Clearance of Cancer Patients

Josef J. Fox and Howard Weinstein

14.1 Introduction

Many effective forms of treatment are currently available for
cancer patients including surgery, systemic therapy (e.g.
chemotherapy, immunotherapy), bone marrow and stem cell
transplants, and radiation therapy. Each of these therapeutic
categories confers substantial benefit and some degree of
cardiovascular risk. Careful attention is warranted especially
in patients with known heart disease.

The goals of pre-cancer therapy cardiac evaluation
include risk assessment and mitigation, and communication
with oncologists, surgeons, patients, and family. The eval-
uation must take a holistic approach if it is to rightfully
balance risk, benefit, costs, and individual preferences.

When considering the paradigm of the pre-treatment
patient, particularly a patient before surgery, the level of
acceptable risk can be highly subjective. Many patients
prefer to undergo an intervention with high initial risk with a
chance for cure or palliation rather than suffering an inex-
orable downhill course without treatment. The pre-treatment
cardiology consultant must anticipate the patient’s needs as
treatment options and risk tolerance change.

ACC/AHA guidelines [1] offer a readily applied
approach to the preoperative evaluation of general surgical
patients. This approach can also prove useful for the other
categories of therapeutic cancer interventions. Although
prior guidelines separated patients and operations into three
categories – (1) High risk; emergent major operations,

particularly in the elderly, prolonged procedures with large
fluid shifts, and blood loss; (2) Intermediate risk, head and
neck, intraperitoneal and intrathoracic, orthopedic and
prostate surgery; and (3) Low risk, endoscopic, superficial,
and breast – current guidelines recognize only low risk
(<1% morbidity) and elevated risk categories. These new
guidelines employ the clinical risk factors from the Revised
Cardiac Risk Index, including ischemic heart disease;
compensated or prior heart failure; cerebrovascular disease;
diabetes mellitus, and renal insufficiency. If further risk
stratification is indicated, stress testing may be performed
[2].

The following cases illustrate the process of pre-therapy
risk assessment for a variety of cancer therapies and patient
presentations, ranging from relatively straightforward low
risk to complex higher-risk scenarios.

14.2 Case 1

Key Points

• The need for immediate versus delayed cancer surgery
dictates available options.
– Surgery for lung, colon, and head/neck cancers often

cannot be delayed.
To stabilize the cancer, neoadjuvant drug therapy or
radiation therapy is sometimes employed.
Recovery from cardiac interventions must be prompt.

– Prostate and renal tumors, generally, do not require
urgent or emergent therapies.
Cardiac interventions can play out longer intervals if
necessary.

A 56-year-old active man with newly diagnosed Gleason
3 + 4 = 7 prostate cancer underwent evaluation for radical
prostatectomy. Cardiac risk factors included mild obesity,
controlled hypertension, and hypercholesterolemia. He
underwent a successful right hip replacement 4 years prior
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to the current presentation without complication. He had a
strong family history of early coronary artery disease
(CAD); his father required open heart surgery (four-vessel
coronary artery bypass grafting) in his 50s and died at age 60
due to a stroke.

On initial evaluation by his urologist, he admitted to mild
anginal symptoms for several months. He was referred to
cardiology and underwent a preoperative exercise nuclear
Technetium-99m sestamibi myocardial perfusion imaging
(MPI) scan. Although the patient had reasonable exercise
tolerance, the study was consistent with significant
stress-induced ischemia.

The patient exercised according to the Bruce protocol for
06:29 min, achieving a work level of 7.0 METS and 78% of
the maximal, age-predicted heart rate. The resting blood
pressure of 136/97 mmHg rose to a maximum blood pres-
sure of 183/95 mmHg. The exercise test was stopped due to
marked ST depressions, accompanied by mild anginal pain
and dyspnea at peak stress (Fig. 14.1a).

The perfusion scan showed:

• Multiple reversible defects consistent with stress-induced
ischemia.

• Transient ischemic dilatation of left ventricle suggestive
of multivessel disease.

• Normal left ventricular ejection fraction (LVEF) of 65%
(Fig. 14.1b).

The patient was referred for cardiac catheterization where
he was found to have a severe three-vessel disease, including
LM disease (Fig. 14.1c, Video 14.1). Because of the limi-
tations imposed by angina, and the severity of the CAD
where revascularization clearly offers a better long-term
prognosis than medical therapy, he was referred for
5vCABG. After his bypass, he was discharged on meto-
prolol, statins, and aspirin.

Now fully recovered from his CABG procedure, exer-
cising daily without symptoms, he is awaiting prostatec-
tomy, which is scheduled to take place approximately
4 months after his diagnosis of prostate cancer.

14.3 Case 2

The risk/benefit of a procedure is often weighed differently
by the patient and the members of the medical team
including surgeons, oncologists, and cardiologists. Risk
categories of the thresholds are of course arbitrary, but the
following discussion is put forward as a potentially useful
frame of reference for practitioners of the art of
cardio-oncology.

Key Points

(1) For patients whose medical conditions have been opti-
mized, a curative or palliative cancer surgical procedure
that carries a �10% estimated risk of morbidity or
mortality is generally acceptable to the patient and the
rest of the cardio-oncology team.

(2) When the surgical risk estimates are higher, for exam-
ple, 11–20%, alternative medical, radiation, or surgical
approaches to cancer therapy are aggressively sought,
but in the practice of cardio-oncology such risk is not
deemed “prohibitive” under the proper circumstances.

(3) When the risks of treatment exceed even these lofty
thresholds, goals of care should be reexamined.

A 58-year-old male former smoker with
non-insulin-dependent diabetes, peripheral vascular disease,
CAD is status post two drug-eluting stents to the right
coronary artery (RCA) in 2011. He received a Xience stent
to the RCA in 2013 for recurrent angina and 90% stenosis of
the proximal RCA but distal to the prior stent. He had no
recurrence of angina since 2013. An echocardiogram in 2017
was normal. He works full time in construction doing
manual labor without cardiac symptoms but does have
intermittent claudication. He takes ASA and clopidogrel.

In July 2019, a lung lesion was discovered on a routine
chest X-ray. A PET/CT scan demonstrated a 2.5 cm
FDG-avid left upper lobe spiculated lung mass. Biopsy by
interventional radiology yielded adenocarcinoma, and he
was scheduled for a lobectomy. A preoperative nuclear
stress test was ordered by his thoracic surgeon.

The patient underwent sestamibi rest/stress myocardial
perfusion imaging (MPI) with combined regadenoson and
low-level treadmill exercise. Stress ECG showed ST
depressions in the inferolateral leads suggestive of ischemia.
Perfusion images (Fig. 14.2 and Video 14.2) showed a
medium-sized area of moderate ischemia in the
inferior/posterior wall; probable additional small area of
ischemia in the distal anterior wall, EF >60%.

The patient was considered at intermediate perioperative
cardiovascular risk and medical management was recom-
mended, as he was not limited by angina and left ventricular
function and myocardial perfusion did not suggest that his
long-term prognosis or functional status would be improved
more by coronary revascularization than medical therapy.
Furthermore, coronary revascularization would have
delayed needed cancer surgery. If the cardiovascular status
of the cancer patient is stable, as is generally practiced for
non-cardiac surgery, decisions regarding coronary revascu-
larization should be dictated by the long-term consequences
of revascularization rather than its impact on cancer
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c

Fig. 14.1 a Treadmill ECG at near-peak stress showing horizontal ST
segment depression, approximately 2 mm, in leads II, III, avF, v3–v6.
ECG changes were accompanied by mild angina which resolved
spontaneously in early recovery. b Tc-99m Sestamibi stress (Str) and
rest (Rst) SPECT arranged in short axis (SA), horizontal long axis
(HA) and vertical long axis (VLA) slices. Multiple reversible perfusion

defects are present, most severe at the apex (white arrow), consistent
with stress-induced ischemia. A high-risk feature of the scan is
reversible chamber dilatation (TID) of left ventricle (well-seen within
the red box) suggestive of multivessel disease. c Left main (arrow) and
triple vessel disease was confirmed on subsequent coronary angiogram
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operation risk [1]. He underwent left upper lobectomy and
regional lymphadenectomy and tolerated the procedure well.
Post-operative ECGs did show T-wave inversions in inferior
leads that resolved on subsequent ECG 8 hours later. Tro-
ponin levels were negative.

14.4 Case 3

The risk of a procedure may be altered by the cancer–host
interaction. The thrombogenicity of tumors, the duration and
complexity of tumor resection and restorative surgical
components, and the potential for interventions to release
cardiotoxic agents are unique to cancer surgery. Performance
status is often compromised by cancer, as weight loss,
anemia, and hypoproteinemia impair metabolic status, and
chemotherapy and radiation promote deconditioning and
effort intolerance. Moreover, prior or current chemotherapy
may have a direct cardiotoxic effect, resulting in an increased
risk profile.

A 54-year-old male former smoker underwent percuta-
neous coronary intervention (PCI) in 2004 and received a

Cypher stent for a total occlusion of the RCA, with a residual
50% long mid-LAD lesion. In 2014, he had acute chest
tightness. Coronary angiogram showed three-vessel CAD,
and he received three drug-eluting stents (DES) to circumflex
and LAD, as well as two additional stents to mid and distal
RCA. In August 2019, he had a CVA requiring tPA, with
minimal residual deficits. He had sub-optimally controlled
diabetes (HgbA1c 8.2%) and was mildly hypertensive.

In March 2020, he was diagnosed with COVID-19
infection and was admitted to an outside hospital. No cardiac
complications were reported. After 3 weeks, he was dis-
charged to receive a 2-week course of apixaban. He returned
to work as a construction site supervisor where he experi-
enced fatigue, but no anginal symptoms. Subsequently, he
developed rectal bleeding and, in June 2020, was diagnosed
with rectal cancer (T3bN+).

The cardiology service was consulted to assess the risk of
fluoropyrimidine-based neoadjuvant therapy with capecita-
bine (pro-drug of 5FU) prior to surgery. An ischemic eval-
uation was recommended, given his past history and the
established potential for cardiotoxicity with capecitabine.
Resting ECG and echocardiogram were essentially normal.

Fig. 14.2 Tc-99m-Sestamibi stress (StrAC) and rest (RstAC) attenu-
ation corrected images show a medium-sized area of moderate ischemia
in the inferior/posterior wall (red arrows), and probable small area of
mild ischemia in the distal anterior wall (white arrows). No reversible

chamber dilatation is identified, and left ventricular systolic function is
globally normal (gated images not shown). The study findings confer
an intermediate risk for perioperative cardiac events, and in conjunction
with clinical context, revascularization is not warranted
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N-13 Ammonia PET myocardial perfusion study
(Fig. 14.3a–c and Video 14.3) showed a large area of
moderate-severe reversibility in the inferolateral and lateral
wall. Anterior wall perfusion was normal. Myocardial flow
reserve (MFR) was measured and was abnormal in the RCA
territory 1.39 (nl > 2.0).

Although he had no chest pain, he was very limited by
severe exertional fatigue. He underwent coronary angiogra-
phy, which showed multivessel CAD. Notably, a mid-RCA
70% in-stent restenosis was the culprit lesion responsible for
the extensive reversible perfusion defect on PET imaging,
that lesion was dilated and a new stent was placed.

Medical therapy for CAD included metoprolol, ramipril,
atorvastatin, and dual-antiplatelet therapy. Cancer therapy
with simultaneous radiation and capecitabine was started.
After a month of therapy, rectal symptoms were improved
and rectal bleeding was resolved. However, he reported
new-onset atypical chest pain/epigastric pain and capecita-
bine was held briefly. His symptoms were resolved and he
was restarted on capecitabine, which he tolerated well
without evidence of cardiotoxicity. His fatigue is gradually
improving and he is scheduled for surgery in early 2021.

Key Points

• Extra vigilance for the potential cardiotoxicity of
fluoropyrimidine-based therapy is required in the presence
of known CAD (see Chap. 11 on Cardiac Complications
of 5-Fluorouracil (5FU) and Capecitabine Therapy) [3, 4].

• Depending on the perceived need for 5FU-based therapy,
aggressive medical therapy with or without revascular-
ization is not uncommonly administered to allow the use
of these therapies in the face of CAD with careful cardiac
monitoring (sometimes inpatient) during 5FU therapy.
Admittedly, these practices are largely based on clinical
experience and expert opinion rather than hard scientific
evidence.

14.5 Case 4

A 59-year-old man with hypertension, obesity and metastatic
renal cell carcinoma who had a left nephrectomy and was
then maintained on a therapeutic protocol with lenvatinib
and everolimus.

During an oncology visit in May 2020, he reported sev-
eral weeks of dyspnea on exertion (DOE) associated with
chest pressure. Cardiology evaluation recommended holding
lenvatinib/everolimus, and he was referred for a nuclear
stress test. During the pharmacologic stress test, he devel-
oped severe chest pressure after regadenoson and isotope
injection. He was given aminophylline without relief,

however, his pain improved after multiple doses of sublin-
gual nitroglycerin. The ECG during stress was notable for
ST depression in inferior and anterior leads (Fig. 14.4a).
Troponin was detectable at 0.48 ng/ml. After stabilization,
he was able to undergo the post-stress imaging portion of the
study within 2 hours of the isotope injection. The study
showed a moderate-sized area of ischemia in the
lateral/inferolateral wall with normal global systolic function
(Fig. 14.4b and Video 14.4).

Pt was then sent for a left heart catheterization which
showed severe 70% distal left main stenosis and 90% ostial
LCx stenosis with non-obstructive disease elsewhere.

After discussion between the cardiology and oncology
teams, the patient underwent uncomplicated CABG �2
(LIMA-LAD and SVG-LCx) and was discharged 5 days
later. Lenvatinib, a VEGF antagonist was discontinued as a
potential contributor to his accelerated anginal syndrome.

A follow-up CT scan 1 month later showed an enlarging
descending colon mass with new hepatic lesions and
increasing lymphadenopathy. Cardiology was again con-
sulted for risk assessment prior to colonoscopy and possible
colectomy. The patient denied angina, DOE, or other cardiac
symptoms since undergoing CABG.

In August 2020, he underwent laparotomy and left
colectomy without cardiac complication despite requiring
packed red blood cell transfusion for blood loss. He is now
maintained on Nivolumab (PD-1 inhibitor).

Key Points

• Hypertension is a class effect of VEGF signaling pathway
inhibitors. Vascular toxicity is a complication of many of
these agents (see Chaps. 5–9).

• Non-cardiac surgery following uncomplicated CABG
surgery can be performed with the expectation of low
cardiac risk. Further cardiac testing is generally not
required [1].

14.6 Case 5

Many cancer patients in need of surgery have already
undergone external beam radiation therapy (XRT).
Antecedent XRT to the chest may result in accelerated
coronary atherosclerosis (see Chap. 23) [5].

A 67-year-old man, a former smoker with COPD, with a
history of laryngeal cancer who had been treated with
chemotherapy and radiation in 2015. In November 2019, the
patient presented with dysphagia; biopsy of a distal eso-
phageal stricture revealed a squamous cell carcinoma. He
was treated with chemo/radiotherapy (Carboplatin/Taxol +
50.0 Gr in 28 fractions) with good response that completed
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in mid-2020. In August 2020, he underwent repeated
endoscopy revealing recurrent invasive carcinoma.

An FDG-PET/CT was performed in September 2020,
which did not show evidence of metastatic disease. How-
ever, extensive coronary artery calcium was incidentally
noted on the CT component of the study (Fig. 14.5a, Video
14.5). The tumor board consensus was that surgery was
preferable to brachytherapy.

On preoperative evaluation, he reported exercise toler-
ance restricted by fatigue and dyspnea (1 flight of stairs). He
denied classic angina but described symptoms consistent
with GERD. A nuclear stress test was ordered given his age,
smoking history, prior chemotherapy, chest radiation, as
well as evidence of extensive coronary artery calcium.

Myocardial perfusion study at rest and pharmacologic
stress showed no evidence for stress-induced ischemia or
prior infarct. Left ventricular chamber size and systolic
function were normal (LVEF > 70%) (Fig. 14.5b). Eso-
phageal surgery was uneventful.

Key Points

• Incidental calcium may be detected on cross-sectional
imaging studies obtained for cancer staging, particularly
the non-contrast CT component.

• Although coronary calcium increases the risk for cardiac
events [6], the presence of calcium does not necessarily
imply functional stenosis. This can be assessed
non-invasively by MPI.

a

Fig. 14.3 a N-13 Ammonia PET myocardial perfusion images at
stress (StrCTAC) and rest (RstCTAC) arranged in short axis (SA),
horizontal long axis (HA) and vertical long axis (VLA) slices show a
large area of moderate-severe reversibility in the inferior and infero-
lateral walls. Arrows point to the reversible perfusion defects in
representative slices in the three orthogonal planes. Anterior wall
perfusion is normal. Minimal reversible chamber dilatation is identified
at stress. b Stress (top), rest (middle), and reversibility (bottom) polar
maps displayed in the standard 17 segment model confirming extensive
stress-induced ischemia predominantly involving the inferior and

inferolateral walls. c Myocardial blood flow (MBF) and flow reserve
(MFR) module in the 4DM Corridor software (Michigan, USA). MBF
and MFR are derived from the dynamic PET images. Time-activity
curves at stress and rest are shown at top. Polar maps on left side of the
image show stress (top) and rest (middle) blood flow in ml/min/g and
MFR (bottom) for each of the 17 standard segments. The table at
bottom of the image shows abnormal MFR (reserve) of 1.39 in RCA
territory (normal >2.0) with normal blood flow in LAD and LCX.
MFR = Stress MBF/Rest MBF
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Fig. 14.3 (continued)
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Fig. 14.4 a Pharmacologic stress ECG notable for down-sloping ST
depression (*2.5 mm) in anterior and inferior leads at 8 min post
regadenoson injection, consistent with coronary steal phenomenon and
ischemia. ECG changes were accompanied by severe chest pain which
began at 6–7 min post injection. Chest pain abated after IV adminis-
tration of aminophylline 100 mg and multiple doses of sublingual
nitroglycerin. Patient remained normotensive to hypertensive through-
out the stress procedure, with a maximum heart rate of 113 bpm.

Regadenoson is a selective A2A adenosine receptor agonist delivered
intravenously as a unit bolus of 0.4 mg. The maximum hyperemia
usually occurs 2–3 min post injection, however, side effects may last
for up to 20 min in the absence of aminophylline reversal.
b Tc-99m-Sestamibi stress (Str) and rest (Rst) SPECT images displayed
in short axis (SA) and horizontal long axis (HLA) slices show a
medium-sized area of moderate to severe ischemia in the
lateral/inferolateral wall (white arrows)
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Fig. 14.5 a CT of the chest obtained for oncologic staging as part of
an FDG PET/CT study incidentally demonstrates extensive coronary
artery calcium in the LAD (red arrow), LCx (yellow arrow) and RCA
(green arrow) arteries. The CT images are compressed for better

depiction of disease extent. b Sestamibi MPI at rest and pharmacologic
stress shows no evidence for stress-induced ischemia or prior infarct.
Left ventricular systolic function was normal on gated images (not
shown)
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14.7 Case 6

The issue of how long the prognostic accuracy of a stress
MPI remains valid has not been established for the purpose
of preoperative risk stratification. That is, for how many
months or years after a normal stress MPI can we assume a
low operative risk? For general patient referrals, an attempt
was made to determine the “warranty period” of a normal
scan in a study involving more than 7,000 patients [7, 8]. In
patients without previous CAD, risk (events per unit time)
from the time of imaging was uniform for a mean of 2 years
while for patients with known CAD the risk increased over
time. The duration of the predictive power of a normal scan
was affected by multiple clinical factors. For example, dia-
betic women had an annual event rate >3 times that of
non-diabetic women and their risks accelerated over time.

A 69-year-old woman smoker with a history of mono-
clonal immunoglobulin deposition disease, status post
high-dose melphalan and autologous stem cell transplant in
2002; ESRD status post-renal transplantation 2005 with
chronic renal insufficiency (Cr 1.4, eGFR 40 ml/min); was
treated for lung cancer with left VATS and left upper lobe
wedge resection in 2010. The patient also had hypertension,
hyperlipidemia, and extensive vascular disease. Her father
had early-onset CAD.

Years later, in 2019, she was being followed for a slowly
enlarging right lower lobe solid lung nodule, which on
biopsy was found to be adenocarcinoma of the lung. Car-
diology was consulted for preoperative risk assessment prior
to planned resection.

She reported no chest pain with ambulation; however, her
exercise tolerance was limited by claudication. No history of
TIA, stroke, arrhythmia, syncope, or heart failure. Her
medications included cyclosporine, CellCept, and pred-
nisone for her kidney transplant. She was also receiving
lisinopril, aspirin 81 mg, clopidogrel 75 mg, atorvastatin,
ezetimibe, and amlodipine.

Her known vascular disease includes aneurysmal dilation
of 4.5 cm of the descending thoracic aorta, mild-moderate
carotid artery stenosis, and extensive lower extremity vas-
cular disease requiring multiple interventional procedures.
On CT scan, coronary artery calcifications were incidentally
noted. A remote nuclear stress test with sestamibi SPECT in
2012 was normal.

In November 2019, she was referred for an N-13 am-
monia PET MPI study with regadenoson stress. Her stress
test revealed a large area of severe ischemia in the septum
and apex, likely representing mid to distal LAD disease,

single-vessel, with normal LV function (Fig. 14.6a, b; Video
14.6A-C). Myocardial flow reserve was 1.7 in the ischemic
territory and normal elsewhere (>2.0).

In view of her significant vascular disease, extensive
coronary calcium, and impaired renal function, coronary
angiography was considered a high-risk procedure. This was
discussed with the patient and she declined coronary
angiogram in favor of medical management. Given the
abnormal MPI, surgical resection of her lung lesion was
considered at moderately high risk for perioperative cardiac
complications. The patient opted instead for radiation
therapy.

Key Points

• Coronary calcium discovered incidentally during CT
scanning of the chest should be noted in the radiology
report.

• Chronic kidney disease is a known risk factor for
atherosclerotic progression. Thus it is not surprising that
under these circumstances, MPI would show significant
myocardial ischemia 7 years after a reportedly normal
perfusion scan.

• The “warranty period” of a normal perfusion study will
vary according to the clinical circumstance of the cancer
patient.

14.8 Case 7

Stem cell transplants are generally considered high-risk
procedures akin to high-risk surgical procedures [9]. The
risk is elevated by the presence of left ventricular systolic
dysfunction (LVSD) and CAD.

A 62-year-old man former smoker with CAD and three
stents placed in 2008, HTN, DM Type 2, LVSD (baseline
EF 40–45%), AFIB s/p cardioversion and ablation (main-
tained on apixaban) was diagnosed with primary CNS
lymphoma in 2018. After chemotherapy, the cardiology
service was consulted for cardiac risk assessment prior to
autologous stem cell transplant (ASTCT). Sestamibi MPI
with pharmacologic stress was ordered which showed
(Fig. 14.7a):

(1) Medium-sized scar involving the inferior and infero-
lateral walls with mild to moderate peri-infarct ischemia.
(2) Dilated left ventricular chamber size. Subtle transient
ischemic dilatation. (3) Mildly decreased LVEF of 45%.

In conjunction with his past history, the patient was
deemed at high risk for transplant, and intensive medical
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Fig. 14.6 a N-13 Ammonia PET myocardial perfusion images at
stress (StrCTAC) and rest (RstCTAC) arranged in short axis (SA),
horizontal long axis (HA), and vertical long axis (VLA) slices show a
large area of severe ischemia in the septum and apex (white arrows).

b Stress (top), rest (middle), and reversibility (bottom) polar maps
displayed in the standard 17 segment model confirm a dense reversible
perfusion defect in the mid to distal septum and apex, consistent with
ischemia
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management was advised. The patient was presented at the
Adult Bone Marrow Transplant Conference and the con-
sensus was to proceed with ASTCT if the patient and family
accepted the risk. They did consent and the patient under-
went the transplant procedure in October 2018. The proce-
dure was complicated by NSTEMI with flash pulmonary
edema, new ST depressions on ECG (Fig. 14.7b) and pos-
itive troponin level (peak 3.5 ng/mL). He responded well to
diuresis and guideline-directed medical therapy.

In December 2018, the patient returned for follow-up
where he denied any objective cardiac symptoms but
admitted to fatigue. He was mildly hypotensive (BP 94/63,
HR 73). ECG: NSR 69, ST-T abnormality in the anterolat-
eral leads. A repeated echocardiogram showed a drop in
LVEF to 40% with new wall motion abnormalities, and
therefore a repeated nuclear study was ordered.

The patient underwent an N-13 ammonia PET MPI study,
which was abnormal (Fig. 14.7c):

1. Large territory of moderate to severe ischemia involving
the inferior and lateral walls, extending into apex and
inferoseptum (MFR 1.68 in the ischemic territory)
(Fig. 14.7d).

2. Mild transient ischemic dilatation of the left ventricle.
3. Decreased left ventricular systolic function with LVEF of

40% (Video 14.7).

Compared to the sestamibi MPI study obtained 3 months
prior, the PET study suggested a larger territory of at-risk
myocardium.

His cardiologist consulting with the oncology team,
referred the patient for cardiac catheterization and revascu-
larization. In January 2019, the patient had staged PCI to the
circumflex and LAD with drug-eluting SYNERGY stents.
The right coronary artery showed a chronic total occlusion
with collaterals and was treated medically.

Key Points

• PET MPI demonstrated a much larger ischemic perfusion
defect than a SPECT MPI a few months prior. Although
this was possibly due to the greater accuracy of PET
imaging [10, 11], rapid progression of CAD was also a
possibility. Cancer and its therapies are notorious for their
ability to accelerate the process of atherothrombosis. The
practice of cardio-oncology requires particular vigilance
for changing clinical signs and symptoms. More frequent
follow-up testing compared with the practice of cardiol-
ogy in the general population is likely indicated to sort
through the sometimes vague and nonspecific clinical
clues presented by cancer patients during and after cancer
treatment. (See the discussion in Case 6 above about the
“warranty” of a normal MPI).

• The value of exercise treadmill or bicycle testing without
imaging is highly limited in the cancer patient because a
reasonable level of exercise is often not possible.

• In patients who are referred for pharmacologic MPI,
assessment with PET when available is preferable to
SPECT.

b Fig. 14.7 a Sestamibi MPI with pharmacologic stress shows a
medium sized partially reversible defect involving the inferior and
inferolateral walls suggestive of infarct with peri-infarct ischemia
(arrows). Left ventricular chamber size is mildly dilated and there is
subtle transient ischemic dilatation. Mildly decreased LVEF of 45% on
gated images (not shown). Due to the urgency of the patient’s
oncologic status, the decision was made to forego further coronary
investigation, and to proceed with autologous stem cell transplant
(ASTCT). b Resting ECG obtained 10 days after transplant procedure
shows sinus tachycardia with ventricular rate of 129 bpm and marked
ST abnormality, possible anterolateral subendocardial injury. Troponin

level at this time peaked at 3.5 ng/mL. The patient was treated with
guideline-directed medical therapy and recovered. c Three months
later, the patient underwent an N-13 ammonia PET MPI study. The
provided images show a large territory of moderate to severe ischemia
involving the inferior and lateral walls, extending into apex and
inferoseptum (Arrows). Mild transient ischemic dilatation of the left
ventricle is again noted. Compared to the prior SPECT study (14.7a),
the PET study suggests a larger territory of at-risk myocardium.
d Dynamic PET data yield an abnormal MFR of 1.68 in the ischemic
territory (red circle)
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Fig. 14.7 (continued)
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15Perioperative Management of the Cancer
Patient

Howard Weinstein

Key Points

• Perioperative myocardial ischemia peaks early postoper-
atively and can manifest as infarction, heart failure,
arrhythmias and myocardial injury, all of which carry an
adverse prognosis.

• Aggressive medical therapy is preferred, but when nec-
essary coronary revascularization is best accomplished
after recovery from cancer surgery.

• Management of perioperative atrial fibrillation and anti-
coagulation is central to the practice of cardio-oncology.

• Perioperative device management demands a unified
cardiology, anesthesia, and surgical service approach.

15.1 Coronary Artery Disease
and Myocardial Ischemia/Infarction

15.1.1 Case 1. Perioperative Myocardial
Infarction

Assessing perioperative risk in cancer patients presents
special challenges. In addition to sharing common mor-
bidities with the general population, cancer patients incur
additional risks related to their malignancies and to their
cancer therapies. These unique features carry over into the
postoperative period as well and decision-making in the
perioperative period can be complex. This chapter will

illustrate some of the key issues in treating perioperative
cancer patient.

A 68-year-old man with hypertension and hyperlipidemia
was diagnosed with advanced rectal adenocarcinoma. He
received FOLFOX and capecitabine along with radiation
therapy. His preoperative EKG is shown in Fig. 15.1. He
was free of chest pain and was walking 2 miles daily prior to
surgery and underwent a robotic partial colectomy and
diverting loop ileostomy. During his 8-h intraoperative
course, he developed hypertension treated with esmolol,
followed by hypotension treated with phenylephrine. ST
depression was observed intraoperatively. In the recovery
room, new anterolateral ST depression and T-wave inver-
sions were seen (Fig. 15.2), but the patient denied chest pain
or shortness of breath. The physical exam was unremarkable.
Initial troponin was negative. A bedside echocardiogram
showed severe inferolateral and apical hypokinesis
(Fig. 15.3, Video 15.1). Acute postoperative myocardial
infarction (MI) was diagnosed by the EKG and echo find-
ings. After conferring with the surgical team, the patient
received aspirin and metoprolol and was transferred to a
tertiary center for urgent cardiac catheterization. He was
found to have three-vessel coronary artery disease
(CAD) including stenosis of the proximal left anterior
descending (LAD) and first diagonal and total occlusion of
the distal right coronary artery (RCA) with left-to-right
collaterals. Troponin peaked at 73 ng/dl. His course was
complicated by systolic dysfunction requiring intra-aortic
balloon pump support, atrial fibrillation with rapid ventric-
ular response requiring amiodarone, and a suspected left
ventricular thrombus treated with intravenous heparin. He
developed hemoperitoneum on heparin. Cardiac MRI ulti-
mately showed no evidence of left ventricular thrombus and
he was transferred back to the cancer center to recuperate
from bowel surgery. He then underwent uncomplicated
coronary bypass surgery 5 weeks after his perioperative
myocardial infarction. He underwent a second low anterior
resection for dehiscence 9 months after the first procedure
and tolerated this procedure well, with minimal detected

Electronic supplementary material
The online version of this chapter (https://doi.org/10.1007/978-3-030-
70998-3_15) contains supplementary material, which is available to
authorized users.

H. Weinstein (&)
Department of Medicine, Memorial Sloan Kettering
Cancer Center, 1275 York Avenue, New York, NY 10065, USA
e-mail: weinsteh@mskcc.org

© Springer Nature Switzerland AG 2021
R. M. Steingart et al. (eds.), Atlas of Imaging in Cardio-Oncology,
https://doi.org/10.1007/978-3-030-70998-3_15

113

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-70998-3_15&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-70998-3_15&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-70998-3_15&amp;domain=pdf
http://dx.doi.org/10.1007/978-3-030-70998-3_15
http://dx.doi.org/10.1007/978-3-030-70998-3_15
mailto:weinsteh@mskcc.org
https://doi.org/10.1007/978-3-030-70998-3_15


troponin. His left ventricular function improved to
near-normal levels with a residual apical wall motion
abnormality and no physical limitations.

This case illustrates the intraoperative onset of severe
ischemia during a prolonged oncologic procedure in a
patient with no prior history of chest pain or exercise
intolerance, and the decision-making that followed. The
patient underwent early cardiac catheterization to define the
coronary anatomy. Weighing the risk of perioperative

bleeding, he was then given the opportunity to recover from
his cancer surgery prior to undergoing coronary revascu-
larization. After coronary revascularization, left ventricular
function improved and he was able to tolerate further nec-
essary colon surgery.

Perioperative myocardial ischemia peaks in the early
postoperative period, in its most severe form resulting in
acute MI [1, 2]. Intraoperative ischemia is less common and
is infrequently associated with postoperative events.

Fig. 15.1 Preoperative EKG. QRS voltages suggest left ventricular hypertrophy. Nonspecific ST and T-wave changes are noted in the
anterolateral leads

Fig. 15.2 Early postoperative EKG. Marked ST depression is now evident across the precordial leads and T-wave inversion has replaced
nonspecific T-wave changes
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Perioperative MI typically is preceded by ST depression,
evolving into a non-ST elevation acute coronary syndrome
(ACS) within 24–48 h of surgery, incurring a similar mor-
tality rate to non-surgical MI (10–15% in-hospital). Acute
ischemia results from either supply/demand mismatch (Type
2 MI, more prevalent with severe underlying coronary ste-
noses and peaking relatively early after surgery) or from
plaque rupture (Type 1 MI, typically involving mid-grade
coronary lesions and developing throughout the periopera-
tive period) [2, 3].

Other ischemic precipitants such as atrial fibrillation with
rapid ventricular response, hypotension, and bleeding may
occur later. Management imperatives include normalization
of blood pressure, rhythm or ventricular rate control, control
of bleeding and stabilized Hgb, infection control, and car-
dioprotective therapies such as beta-blockers. Patients with
Type 2 MI typically receive additional guideline-directed
therapy including antiplatelet agents, unfractionated or
low-molecular weight heparin and statins, if feasible in the
early postoperative period. However, the value of therapies
with a bleeding risk requires a careful risk/benefit analysis.
Cardiac catheterization should be expedited if ischemia
recurs or cannot be controlled medically, or results in
hemodynamic instability, heart failure, or malignant
arrhythmias. Many stabilized patients prefer to recover from
cancer surgery before undertaking invasive procedures (as in
Case 1). If angiography is not undertaken to investigate an
ischemic insult, noninvasive testing to exclude high-risk
CAD should be considered prior to discharge or soon
thereafter. The choice of approach to the intermediate and
longer term management of CAD is determined case by
case, after a careful evaluation of expected cancer therapies,
cancer prognosis, functional status, and patient preference.

15.1.2 Case 2. Other Consequences
of Perioperative Myocardial Ischemia.

A 68-year-old man with an apical lung tumor underwent a
right thoracotomy and chest wall resection and reconstruc-
tion, with intrapleural pneumolysis. The history was signif-
icant for hypertension, high cholesterol, and stenting of the
LAD 7 years earlier for jaw pain, with a subsequent angio-
gram 3 years prior to surgery (prompted by an abnormal
stress test) that showed moderate disease of the circumflex,
diffuse disease of the OM and LAD with a patent stent, and
severe disease of a non-dominant RCA. The patient was
treated medically and, prior to his thoracotomy, had low
normal LV function with inferior and septal hypokinesis. His
preoperative EKG is shown in Fig. 15.4.

The procedure was extensive, requiring alpha agonists,
volume repletion, and blood transfusion. He had ST
depression perioperatively but was asymptomatic. He
developed respiratory failure on day 4 and a pulmonary
embolism was suspected by CT. He was diuresed
for coexisting pulmonary edema. He developed transient
atrial fibrillation with rapid ventricular response. Echocar-
diography showed normal LV function but moderate RV
dysfunction and pulmonary hypertension. He then devel-
oped a sigmoid perforation and underwent a sigmoid
resection and colostomy. Concurrent bronchoscopy showed
mucous plugging with clots. Two days later, he became
hypoxemic and bradycardic, progressing to asystole. He was
resuscitated but had further episodes of bradycardia and
multiple episodes of non-sustained ventricular tachycardia.
Transient ST elevation and PR depression were noted in
some limb leads (Fig. 15.5). Troponin peaked at 22 ng/dl.
Repeat echo showed severe RV dysfunction. The patient

Fig. 15.3 Echocardiographic diastolic (left) and systolic (right) frames showing regional wall motion abnormalities in the lateral wall and apex
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Fig. 15.4 Essentially normal preoperative EKG without ST changes

Fig. 15.5 Postoperative EKG. ST elevation of 1.5 mm is now
appreciated in leads 1, II, and aVL. PR depression is seen in these
leads, described in pericarditis. Focal ST elevation and PR depression

are commonly seen in cancer and cancer surgery-related pericarditis,
contrasted with the diffuse changes seen with viral or idiopathic
pericarditis
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was transferred to a tertiary heart center where cardiac
catheterization showed severe stenosis of the mid-circumflex
with collaterals, and nonobstructive CAD in the remaining
vessels. He received stents to the mid and distal circumflex.
He continued to have episodes of bradycardia, his RV dys-
function persisted and, after a prolonged course with
refractory ARDS and septic shock the patient expired.

This case illustrates several aspects of perioperative
cancer care. Acute myocardial ischemia may have mani-
fested initially as atrial fibrillation and, later, as malignant
arrhythmias. ST elevation was not associated with chest pain
and the extensive thoracic surgery, ARDS and perioperative
pulmonary embolism were confounding factors in the
diagnosis of ischemia that ultimately led to the patient's
demise despite coronary revascularization.

Although ST-elevation MI is relatively uncommon after
surgery, its occurrence in the perioperative cancer patient
requires critical decision-making. This dramatic event
(which can occur throughout the perioperative period) can be
difficult to differentiate from acute pericarditis, particularly
in thoracic surgery patients where the pericardium is often
breached during surgery and a localized current of injury
may be seen. In such patients, troponin levels may be
detected by the time the index EKG is acquired. Patients
with STEMI after cancer surgery occasionally present with
chest pain but, more typically, have no or vague symptoms.
They may appear diaphoretic, dyspneic, tachycardic, or with
overt heart failure or shock. Electrical instability may be
present. Where symptoms and EKG findings are subtle or
nonspecific, recognition of acute STEMI is challenging, and
a bedside echocardiogram may help to confirm or exclude
this diagnosis. Immediate direct angioplasty is indicated;
thrombolysis is contraindicated in the perioperative patient.
A judgment must be solicited urgently from the surgical
team about the risk of bleeding on antithrombotic and anti-
platelet therapy before proceeding with coronary angiogra-
phy. Not uncommonly, treatment is limited to intensive
medical management until the patient’s bleeding risk is
deemed acceptable for coronary interventions.

15.2 Perioperative Chest Pain

Perioperative chest pain is often difficult to diagnose, as
symptoms may be vague or absent [3]. In cancer patients,
assessing perioperative chest pain is particularly challenging.
Symptoms may be referred from an abdominal, breast, or
thoracic source. Pleuro-pericardial pain is common and can
divert attention from an ischemic cause. Nonspecific EKG
changes complicate the diagnosis of ischemia and biomarkers
may be elevated due to pulmonary embolism, myopericardi-
tis, intraoperative cardiac manipulations, and heart failure.
When biomarkers are negative or minimally elevated and the

chest pain is deemed potentially ischemic, bedside echocar-
diography followed by noninvasive testing should be con-
sidered, preferably with pharmacologic perfusion imaging.

15.3 Perioperative Myocardial Injury
(PMI) After Noncardiac Surgery

The section on management of perioperative ischemia would
not be complete without a discussion about perioperative
myocardial injury after noncardiac surgery. This entity has
been recently characterized in the general perioperative
population [3] and its recognition and management raise
important questions in the cancer population as well [4].

The need to diagnose PMI is particularly acute in the
perioperative cancer patient, given the correlation between
cancer and cardiac risk factors [5]. Detection of PMI by EKG
is unreliable [4]. Hence in a study of 2018 consecutive
patients deemed at high perioperative risk (by virtue of age or
the presence of vascular disease) who underwent noncardiac
surgery, evidence for PMI was sought by measuring high
sensitivity troponin and by ischemic symptoms, new EKG
changes or imaging abnormalities suggesting infarct) [3]. PMI
defined by high sensitivity troponin release (16% of patients)
was accompanied by typical chest pain in only 6%, and by any
ischemic symptoms in 18%. Mortality was markedly higher
after PMI (8.9 vs. 1.5% without PMI at 30 days, independent
of the presence of the other diagnostic criteria). Fourteen
percent of PMI events were deemed primarily extracardiac in
cause (mostly from sepsis/infection), and this group had a
striking 30-day mortality of 32%. Patient management was
largely conservative in this subgroup of patients with PMI,
with cardiac catheterization recommended in only 10% of
patients, in keeping with the expected pathophysiology of
supply–demand mismatch from hypotension, anemia, and
tachycardia (versus plaque rupture) in this group [6]. Findings
were consistent with prior studies, allowing for differences in
study populations [7]. The authors of this study advocated
continued monitoring of high sensitivity troponin to identify
this high-risk group with PMI but acknowledged that ran-
domized trials were needed to test the effectiveness of such
surveillance on clinical and economic outcomes.

In the POISE trial that evaluated the protective effect of
perioperative metoprolol, 5% had an MI in the first 30 days
[8]. A subsequent cohort study of perioperative MI assessed
the characteristics and short-term outcome of perioperative
MI (defined by autopsy findings or elevated troponin and
either ischemic symptoms, pathologic Q-waves, ischemic
changes on EKG, coronary artery intervention, or cardiac
imaging evidence of MI) [4]. Most MIs occurred within 48 h
of surgery; two-thirds did not have cardiac symptoms.
Thirty-day mortality was 11.6%, versus 2.2% in those
without an MI, unaffected by the presence of symptoms.
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These authors also advocated routine postoperative troponin
monitoring to detect PMI.

Should biomarker surveillance now be recommended in
perioperative cancer patients at high clinical risk for PMI?
As an editorialist argues [9], there is no specific protocol for
treating PMI, few patients in the study underwent testing for
CAD and only 29% had a change in their medical man-
agement [4]. As there are limited data as to the treatment of
PMI, it remains open whether routine perioperative troponin
testing improves outcomes or “opens a Pandora’s box of
additional testing and treatment.”

15.4 Case 3. Atrial Fibrillation

An 87-year-old female with hypertension was evaluated pre-
operatively for an extensive maxillectomy. She reported an
episode of severe chest pain 30 years earlier that was not
investigated until several years later, when an echocardiogram
was reported to show a prior MI. She had no further chest pain
and was active, without symptoms. She had a history of
paroxysmal atrial fibrillation with the last documented epi-
sode occurring 3 years earlier. She had no history of stroke or
TIA. She was not fully anticoagulated but was treated with
clopidogrel (having had hives and bronchospasm on aspirin).
She had a long history of asthma dating to her youth that was
quiescent for many years but recurred at menopause.

However, she tolerated low-dose beta-blockers. She was
hypertensive in the clinic. A preoperative pharmacologic
perfusion study to assess for CAD showed no evidence of
ischemia or infarct and an outside echocardiogram showed
normal biventricular function with moderate TR, mild MR,
mild diastolic dysfunction, and mild bi-atrial dilatation.

She underwent a left maxillectomy, modified radical neck
dissection, tracheostomy, and palate/orbital floor resection
with an anesthesia time of 11 h and received phenylephrine
and extensive amounts of fluid, albumin, and packed cells.
She had postoperative hypotension and bradycardia and was
markedly anemic, requiring further transfusion. Anterior
T-wave inversion developed (Fig. 15.6) but troponins were
negative. Overnight, she desaturated, and a chest X-ray
showed bibasilar opacities indicating either atelectasis or
pneumonia (Fig. 15.7). On postoperative day 2, she devel-
oped an irregular narrow complex tachycardia (Fig. 15.8)
associated with chest tightness and palpitations and was
diagnosed with atrial fibrillation with rapid ventricular
response. Her beta-blocker dose was increased, and she
spontaneously reverted to sinus rhythm. She then developed
a brief run of Mobitz type II second-degree AV block in
conjunction with nausea and vomiting, deemed vagally
mediated. Her beta-blocker was withheld and subsequently
resumed at a lower dose. Because of her high stroke risk
from atrial fibrillation (CHADS-Vasc 5), she was started on
apixaban 2.5 mg b.i.d. and clopidogrel was discontinued.

Fig. 15.6 Early postoperative EKG. Anterior T-wave inversion is evident, potentially representing ischemia
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She was gently diuresed. She was discharged 2 weeks after
surgery and was asymptomatic when reevaluated 1 month
later, tolerating her apixaban and low-dose beta-blockers.

This case introduces some key concepts pertaining to
perioperative atrial fibrillation in the cancer patient. This
elderly patient had a high a priori risk of perioperative atrial
fibrillation from her advanced age and history of this
arrhythmia. Additional substrates for atrial fibrillation then
developed intraoperatively and in the early postoperative

period, including prolonged surgery, extensive fluid and
blood administration, severe anemia, hypotension, possible
myocardial ischemia, hypoxemia, and intrathoracic disease.
Conduction system disease (common in the elderly) com-
plicated the use of AV nodal blockers, and, with her history
of asthma, dosing of her beta-blocker required careful con-
sideration. The occurrence of perioperative atrial fibrillation
prompted a re-evaluation of her anticoagulation strategy and
the initiation of adjusted dose oral anticoagulation.

Atrial fibrillation is the most common sustained arrhyth-
mia (2% of the general population, 10% by age 80) [10]. The
multiple common substrates between atrial fibrillation and
cancer [10] and the increasing occurrence of cancer in the
elderly [11] link these two diagnoses. Studies in cancer sur-
gery report high rates of perioperative atrial fibrillation,
particularly after lung surgery; the most frequent form of
cancer-related atrial fibrillation occurs postoperatively [11],
principally after lung cancer surgery, where rates as high as
60% have been reported. As such, management of atrial
fibrillation is a significant burden of care in postoperative
cancer patients. Pathophysiologic factors leading to periop-
erative atrial fibrillation have been reviewed [11]. Modifiable
factors include duration of surgery, surgical complications,
postoperative blood transfusion, and the use of colon con-
duits during esophagectomy. As in the non-surgical setting,
the response to anticoagulation may be unpredictable in
cancer patients [12] and vitamin K antagonists, when used for
DVT, incur a sixfold risk of bleeding in cancer (versus

Fig. 15.7 Postoperative chest X-ray. Bibasilar opacities are evident,
indicating atelectasis and/or pneumonia

Fig. 15.8 Postoperative EKG showing atrial fibrillation/flutter, with rapid ventricular response
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non-cancer patients) [13]. A recent study in 24,000 patients
calls into question the accuracy of the CHADS-2 scale in
predicting stroke risk in new-onset cancer-associated atrial
fibrillation (occurring after the cancer diagnosis) [14], thus
complicating decision-making. In our practice, we favor a
strategy of ventricular rate control and risk-based anticoag-
ulation in stable patients over rhythm management with
either electrical or chemical cardioversion. This approach
recognizes the persistent substrate for recurrent atrial fibril-
lation in the perioperative patient, the high likelihood of
spontaneous reversion to sinus rhythm within 2 weeks of
surgery [15, 16] and the desire to avoid further procedures in
the postoperative period. Some data suggest that prophylactic
amiodarone at 30 mg IV immediately after surgery followed
by 60 mg b.i.d. for 5 days reduces the risk of atrial fibrillation
after lung surgery [17]. A possible algorithm for the man-
agement of atrial fibrillation in the cancer patient is provided
in reference [11]. As in postoperative atrial fibrillation in the
general population, risk assessment for stroke versus bleed-
ing is predicated on an expectation of either persistent or
recurrent atrial fibrillation after recovery from surgery. In a
study of 77 consecutive patients with perioperative atrial
fibrillation after cancer surgery followed with event monitors,
31% developed recurrent atrial fibrillation, asymptomatic in
92% of these patients; the recurrence of atrial fibrillation was
associated with hypertension and elevated creatinine [18]. If
atrial fibrillation persists for more than a day or two post-
operatively, it is reasonable to consider treating patients with
a low bleeding risk and anything other than a negligible
stroke risk with anticoagulation, particularly in the presence
of hypertension or renal insufficiency. Frequently, patients
undergo prolonged periods of outpatient monitoring to doc-
ument the presence or absence of recurrent atrial fibrillation.
Caution is advised as a recent meta-analysis showed that
perioperative atrial fibrillation, although transient and
self-limiting, still incurs an elevated risk of subsequent
stroke, particularly after noncardiac surgery [19].

Although cancer is not currently included in the
CHADS-Vasc scale, malignancy represents a hypercoagu-
lable state in many patients, and clinicians may weigh this in
their treatment of atrial fibrillation.

15.5 Perioperative Anticoagulation

The decision-making for perioperative anticoagulation or
antiplatelet agents after cancer surgery (regardless of the
indication) must take into account future cancer therapies.
Hence, the bleeding risk of both the malignancy itself and of
subsequent chemotherapy with expected thrombocytopenia
must be considered. Direct oral anticoagulants should be
deferred for at least 2 weeks after genitourinary or gas-
trointestinal cancer surgery to avoid anastomotic bleeding

from a local anticoagulant effect [20]. Oncologists favor
low-molecular weight heparin for anticoagulation in actively
treated cancer patients, over warfarin and even direct oral
anticoagulants, for its added stability in the face of fluctu-
ating platelet counts and bleeding risk. Patients are then
transitioned to direct-acting oral anticoagulants for pro-
longed anticoagulation courses.

15.6 Case 4. Perioperative Cardiac Device
Management

An 83-year-old man with hypertension, diabetes, and parox-
ysmal atrial fibrillation was evaluated prior to resection of a
cutaneous melanoma on his abdomen. He had an acute
myocardial infarction in 1993, presenting with 2 days of
indigestion, and underwent bypass surgery. His indigestion
resolved after his bypass and he remained free of chest pain
until 3 years prior to cancer surgery, when he presented with
dyspnea and worsening pedal edema. In hospital, he had
sustained ventricular tachycardia and was cardioverted.
A biventricular pacemaker-ICD was implanted to manage
both his malignant arrhythmia and his coexisting left ven-
tricular dysfunction. Cardiac catheterization showed severe
underlying CAD and 95% stenosis of a saphenous vein graft
to a large first diagonal. He received a drug-eluting stent to
this graft. One year prior to cancer surgery, he underwent a
transcutaneous aortic valve replacement (TAVR) for moder-
ate to severe aortic stenosis. Based on recommendations made
in the preoperative cardiology consultation, his biventricular
ICD, evident on both a preoperative chest X-ray (Fig. 15.9)
and EKG (Fig. 15.10) was managed perioperatively with the
placement of a dedicated magnet over the device to deactivate

Fig. 15.9 Preoperative chest X-ray. Note the ICD pulse generator in
the left upper quadrant of the chest and the thick coils from the device
coursing into the right ventricle. Midline sternotomy wires are evident
from prior bypass surgery
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anti-tachycardia therapies during the procedure. The patient
was not pacemaker dependent; reprogramming of pacing
capabilities was not required.

This case illustrates the key findings of a biventricular
ICD on EKG and chest X-ray. The strategy employed
intraoperatively, including magnet placement over the device
and the preferential use of bipolar electrocautery, prevented
the delivery of spurious shocks by the ICD in response to
electrocautery in the nearby surgical field, potentially inter-
preted by the device as ventricular fibrillation.

A team approach to managing implantable cardiac devices
is essential in the periprocedural period [21]. This begins with
a careful preoperative evaluation of the indication, current
status, and perioperative management requirements of the
device. Recommendations for perioperative device manage-
ment are detailed in a preoperative cardiology consultation
and communicated separately to the surgical service and a
dedicated cardiology and anesthesiology team, so that intra-
operative and postoperative device therapies may be
implemented.

15.7 Case 5. Perioperative Heart Failure

A 77-year-old woman was evaluated preoperatively for a
radical neck dissection. Her extensive history included
hypertension, diabetes, hyperlipidemia, peripheral vascular

disease, paroxysmal atrial fibrillation, and a long history of
mitral regurgitation and heart failure. Some 20 years prior to
cancer surgery, she underwent the insertion of a mechanical
mitral prosthesis, complicated by post-pericardiotomy syn-
drome requiring pericardiocentesis. She had chronic heart
failure and was now limited by both exertional dyspnea and
by hip and knee replacements. She was free of chest pain for
several years, and recent perfusion imaging had shown no
evidence of CAD. She was treated with warfarin for both
paroxysmal atrial fibrillation and for her prosthetic mitral
prosthesis. She required midodrine for chronic hypotension.
A preoperative echocardiogram showed mild global left
ventricular dysfunction and a normally functioning mitral
prosthesis. Her preoperative EKG is shown in Fig. 15.11.
She was deemed at elevated, but not prohibitive, risk for this
strongly indicated procedure. Her warfarin was bridged with
low molecular weight heparin around the time of surgery.

On the first postoperative day from the extensive neck
dissection, she required re-operation for bleeding. A junc-
tional tachycardia with mild ST changes was noted
(Fig. 15.12) followed by atrial fibrillation (Fig. 15.13).
Another operation was needed for a tracheostomy, and
minimally elevated troponin levels were now detected. She
then developed runs of ventricular tachycardia (VT)
(Fig. 15.14) and was started on IV amiodarone, with per-
sistent ventricular ectopy but no further runs of VT. She was
treated with diuretics and nitrates for suspected heart failure.

Fig. 15.10 Preoperative EKG. Native P-waves are tracked by the device and biventricular pacing spikes are evident after each P wave. Premature
ventricular complexes are noted (absence of pacing spikes and change in QRS morphology)
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A postoperative echo continued to show left ventricular
dysfunction (Fig. 15.15, Video 15.2). She developed bac-
teremia from multiple organisms, aspiration pneumonia,
hematuria (remaining on heparin), and postoperative

hypertension (treated with hydralazine). Her course was
complicated by more overt congestive heart failure with a
brain natriuretic peptide (BNP) exceeding 1100 pg/ml and
congestion on chest X-ray requiring mechanical ventilation

Fig. 15.11 Preoperative EKG. QRS duration is prolonged and a nonspecific ST and T wave pattern is seen

Fig. 15.12 Early postoperative EKG. P-waves are less evident. A junctional tachycardia is suspected
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Fig. 15.13 Postoperative EKG. Atrial fibrillation is likely and ST depression is now more evident

Fig. 15.14 Rhythm strips. An ectopic complex appears to initiate a run of wide complex (ventricular) tachycardia
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and further diuretics (Fig. 15.16). Warfarin was resumed.
The patient was discharged home in atrial flutter with a
controlled ventricular response.

This case illustrates the perioperative management of
heart failure further complicating an extensive postoperative
course in a patient with underlying left ventricular dys-
function and a prosthetic mitral valve. Heart failure devel-
oped in the context of both atrial and ventricular
arrhythmias, possible ischemia or perioperative myocardial
injury (an entity described separately in this chapter), sepsis,
perioperative bleeding, and pneumonia. The diagnosis of
heart failure in the presence of coexisting radiologic evi-
dence of pneumonia was supported by the marked elevation
in BNP. An attempt was made to maintain full anticoagu-
lation throughout the perioperative period, because of the
perceived high stroke risk from both atrial fibrillation and
from her mechanical mitral prosthesis in the thrombogenic
mitral position.

Although heart failure adversely affects most surgical
outcomes [22], there are limited data on the management of

heart failure in perioperative patients. Best practices should
incorporate current heart failure guidelines set forth by the
American College of Cardiology [23]; reviews of heart
failure occurring in the perioperative period provide further
insight [24–26]. Recognition of heart failure in the periop-
erative cancer patient may be challenging because, as is the
case for perioperative ischemia, symptoms are often absent
or vague. Signs such as tachypnea, tachycardia, hypoxemia,
and pulmonary rales are nonspecific and there is an overlap
of the key diagnostic features of heart failure with pneu-
monia and pulmonary embolism. The use of biomarkers
such as BNP is limited by elevated values with other diag-
noses. Preoperative BNP failed to predict perioperative heart
failure in gastrointestinal cancer patients [27]. Simple clini-
cal predictors may be more accurate. In head and neck
cancer surgery patients, major cardiac events (especially
heart failure) were predicted best by intravenous fluid and
packed cell administration on the day of surgery [28], with
heart failure occurring in 11% of patients who received >4L
of fluids. It is important to recognize that venodilators

Fig. 15.15 Diastolic (A, C) and systolic (B, D) frames from parasternal long axis (top) and apical four-chamber (bottom) echocardiographic
studies. There is moderate global hypokinesis of the left ventricle. Shadowing from the mitral valve prosthesis is seen
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continue to play a role in treating perioperative heart failure,
and that standard heart failure therapies typically possess
venodilating properties [29].

Perioperative diastolic heart failure is not uncommon and
should be included in the differential when heart failure is
suspected, particularly when its precipitants (anemia,
hypoxemia, infection, tachycardia, non-sinus rhythms,
extreme volume changes, myocardial ischemia, hyperten-
sion, and high sympathetic stimulation) are present [30].

References

1. Landesberg G. The pathophysiology of perioperative myocardial
infarction: facts and perspectives. J Cardiothorac Vasc Anesth.
2003;17(1):90–100.

2. Landesberg G, Beattie WS, Mosseri M, Jaffe AS, Alpert JS.
Perioperative myocardial infarction. Circulation. 2009;119
(22):2936–44.

3. Puelacher C, Lurati Buse G, Seeberger D, Sazgary L, Marbot S,
Lampart A, et al. Perioperative myocardial injury after noncardiac
surgery: incidence, mortality, and characterization. Circulation.
2018;137(12):1221–32.

4. Devereaux PJ, Xavier D, Pogue J, Guyatt G, Sigamani A, Garutti I,
et al. Characteristics and short-term prognosis of perioperative
myocardial infarction in patients undergoing noncardiac surgery: a
cohort study. Ann Intern Med. 2011;154(8):523–8.

5. Janssen-Heijnen ML, Szerencsi K, van de Schans SA, Maas HA,
Widdershoven JW, Coebergh JW. Cancer patients with cardio-
vascular disease have survival rates comparable to cancer patients
within the age-cohort of 10 years older without cardiovascular
morbidity. Crit Rev Oncol Hematol. 2010;76(3):196–207.

6. Roffi M, Patrono C, Collet JP, Mueller C, Valgimigli M,
Andreotti F, et al. 2015 ESC guidelines for the management of

acute coronary syndromes in patients presenting without persistent
ST-segment elevation: task force for the management of acute
coronary syndromes in patients presenting without persistent
ST-segment elevation of the European Society of Cardiology
(ESC). Eur Heart J. 2016;37(3):267–315.

7. Ekeloef S, Alamili M, Devereaux PJ, Gogenur I. Troponin
elevations after non-cardiac, non-vascular surgery are predictive of
major adverse cardiac events and mortality: a systematic review
and meta-analysis. Br J Anaesth. 2016;117(5):559–68.

8. Devereaux PJ, Goldman L, Yusuf S, Gilbert K, Leslie K,
Guyatt GH. Surveillance and prevention of major perioperative
ischemic cardiac events in patients undergoing noncardiac surgery:
a review. CMAJ. 2005;173(7):779–88.

9. Mandawat A, Newby LK. High-sensitivity troponin in noncardiac
surgery: pandora’s box or opportunity for precision perioperative
care? Circulation. 2018;137(12):1233–5.

10. Camm AJ, Kirchhof P, Lip GY, Schotten U, Savelieva I, Ernst S,
et al. Guidelines for the management of atrial fibrillation: the task
force for the management of atrial fibrillation of the European
Society of Cardiology (ESC). Europace. 2010;12(10):1360–420.

11. Farmakis D, Parissis J, Filippatos G. Insights into onco-cardiology:
atrial fibrillation in cancer. J Am Coll Cardiol. 2014;63(10):945–53.

12. Lee AY. Deep vein thrombosis and cancer: survival, recurrence,
and anticoagulant choices. Dis Mon. 2005;51(2–3):150–7.

13. Connolly SJ, Ezekowitz MD, Yusuf S, Eikelboom J, Oldgren J,
Parekh A, et al. Dabigatran versus warfarin in patients with atrial
fibrillation. N Engl J Med. 2009;361(12):1139–51.

14. Hu YF, Liu CJ, Chang PM, Tsao HM, Lin YJ, Chang SL, et al.
Incident thromboembolism and heart failure associated with
new-onset atrial fibrillation in cancer patients. Int J Cardiol.
2013;165(2):355–7.

15. Rostagno C, La Meir M, Gelsomino S, Ghilli L, Rossi A,
Carone E, et al. Atrial fibrillation after cardiac surgery: incidence,
risk factors, and economic burden. J Cardiothorac Vasc Anesth.
2010;24(6):952–8.

16. Walsh SR, Tang T, Gaunt ME, Schneider HJ. New arrhythmias
after non-cardiothoracic surgery. BMJ. 2006;333(7571):715.

Fig. 15.16 Postoperative
portable chest X-ray. Bilateral
focal consolidations, pulmonary
edema, and small bilateral pleural
effusions are evident. Midline
sternotomy wires are present from
prior mitral valve replacement

15 Perioperative Management of the Cancer Patient 125



17. Riber LP, Christensen TD, Jensen HK, Hoejsgaard A, Pile-
gaard HK. Amiodarone significantly decreases atrial fibrillation in
patients undergoing surgery for lung cancer. Ann Thorac Surg.
2012;94(2):339–44; discussion 45–6.

18. Higuchi S, Kabeya Y, Matsushita K, Arai N, Tachibana K,
Tanaka R, et al. Perioperative atrial fibrillation in noncardiac
surgeries for malignancies and one-year recurrence. Can J Cardiol.
2019;35(11):1449–56.

19. Lin MH, Kamel H, Singer DE, Wu YL, Lee M, Ovbiagele B.
Perioperative/postoperative atrial fibrillation and risk of subse-
quent stroke and/or mortality. Stroke. 2019;50(6):1364–71.

20. Radaelli F, Fuccio L, Paggi S, Bono CD, Dumonceau JM,
Dentali F. What gastroenterologists should know about direct oral
anticoagulants. Dig Liver Dis. 2020;52(10):1115–25.

21. Crossley GH, Poole JE, Rozner MA, Asirvatham SJ, Cheng A,
Chung MK, et al. The Heart Rhythm Society (HRS)/American
Society of Anesthesiologists (ASA) expert consensus statement on
the perioperative management of patients with implantable defibril-
lators, pacemakers and arrhythmia monitors: facilities and patient
management this document was developed as a joint project with the
American Society of Anesthesiologists (ASA), and in collaboration
with the American Heart Association (AHA), and the Society of
Thoracic Surgeons (STS). Heart Rhythm. 2011;8(7):1114–54.

22. Turrentine FE, Sohn MW, Jones RS. Congestive heart failure and
noncardiac operations: risk of serious morbidity, readmission,
reoperation, and mortality. J Am Coll Surg. 2016;222(6):1220–9.

23. Yancy CW, Jessup M, Bozkurt B, Butler J, Casey DE Jr,
Colvin MM, et al. 2017 ACC/AHA/HFSA focused update of the
2013 ACCF/AHA guideline for the management of heart failure: a
report of the American college of cardiology/American heart
association task force on clinical practice guidelines and the heart
failure society of America. Circulation. 2017;136(6):e137–61.

24. Henes J, Rosenberger P. Systolic heart failure: diagnosis and
therapy. Curr Opin Anaesthesiol. 2016;29(1):55–60.

25. Smit-Fun V, Buhre WF. The patient with chronic heart failure
undergoing surgery. Curr Opin Anaesthesiol. 2016;29(3):391–6.

26. Soussi S, Chatti K, Mebazaa A. Management of perioperative
heart failure. Curr Opin Anaesthesiol. 2014;27(2):140–5.

27. Ishiguro T, Gyouda Y, Yoshizawa A, Arakawa K. BNP measure-
ment for perioperative management. Masui. 2009;58(5):604–8.

28. Haapio E, Kinnunen I, Airaksinen JK, Irjala H, Kiviniemi T.
Excessive intravenous fluid therapy in head and neck cancer
surgery. Head Neck. 2017;39(1):37–41.

29. Valchanov KP, Arrowsmith JE. The role of venodilators in the
perioperative management of heart failure. Eur J Anaesthesiol.
2012;29(3):121–8.

30. Ryu T, Song SY. Perioperative management of left ventricular
diastolic dysfunction and heart failure: an anesthesiologist’s
perspective. Korean J Anesthesiol. 2017;70(1):3–12.

126 H. Weinstein



16Masses Involving the Heart and Vasculature

Anna Plitt, Jonathan W. Weinsaft, and Angel T. Chan

Key Points

• Sarcoma, melanoma, lymphoma, lung and breast cancers
most commonly metastasize to the heart.

• Thrombi can occur as isolated masses (i.e., bland
thrombus), or be superimposed complications of cardiac
metastases (i.e., tumor-thrombus).

• Some neoplasms can be treated via targeted anti-cancer
therapies.

• Thrombus can often be resolved with anticoagulation.
• Cardiac magnetic resonance imaging (CMR) can identify

cardiac masses based on tissue characteristics.

16.1 Introduction

Nearly 17 million people in the U.S. are living with cancer
[1]—survivorship has markedly improved in the past dec-
ades, highlighting the importance of effective strategies to
surveil cancer complications in this population. Cancer
patients are at risk for developing cardiac masses, including
primary or metastatic neoplasm as well as thrombus. Pri-
mary cardiac neoplasms are rare, whereas autopsy studies of
patients with advanced (stage IV) systemic cancer have
identified cardiac metastases in up to 20% of patients [2–6].

Tumors that most commonly metastasize to the heart
include sarcoma, melanoma, lymphoma, lung and breast
cancers [4, 7]. For example, in a consecutive series of
18,751 subjects undergoing autopsy, lung (39%) and
breast (10%) cancers , and lymphoma (10%) were the
leading primary neoplasms responsible for cardiac
involvement [8]. However, cardiac metastases can occur
with cancers not typically associated with cardiac involve-
ment, as evidenced by recent cross-sectional studies by our
group for which tumors such as thyroid, central nervous
system, and hepatic malignancies had metastasized to the
heart [2, 5].

Cardiac metastases may be clinically silent, or result in
symptoms such as dyspnea, chest pain, or palpitations [9].
Neoplasm location can impact clinical presentation: metas-
tases with intramyocardial invasion may result in ischemia
or infarction with elevated cardiac biomarkers (e.g., tro-
ponin): ECG manifestations can range from non-specific
repolarization changes to localized ST segment elevation
(due to coronary invasion) [10]. Cardiac conduction system
involvement can result in ventricular or atrial arrhythmias as
well as heart block [11]. Metastases with prominent cardiac
chamber involvement can produce symptoms due to mass
effect, including hemodynamic compromise due to impaired
cardiac filling, contractile or valve dysfunction, pulmonary
embolism in cases of right-sided tumor involvement, and
cerebrovascular or peripheral embolic events in cases of
left-sided tumor involvement [12].

Systemic neoplasms can metastasize to the heart via four
mechanisms: (1) direct extension, (2) retrograde extension
(lymphatic spread), (3) hematogenous spread, or
(4) transvenous extension (via the inferior vena cava or
pulmonary veins). Direct extension to the heart or peri-
cardium is associated with lung carcinomas and primary
mediastinal tumors such as thymoma. Retrograde extension
via lymphatics is a common pathway for carcinomas that
frequently spread to the pulmonary hilar or mediastinal
lymph nodes. Hematogenous spread is the typical route by
which melanoma, sarcomas, leukemia, and renal cell
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carcinoma metastasize to the heart. Transvenous extension
can occur via inferior vena cava spread to the right side of
the heart (commonly associated with renal cell cancer), or
the pulmonary veins to the left side of the heart (i.e., with
primary or metastatic lung tumors). Thrombi can occur as
isolated masses (i.e., bland thrombus), or be superimposed
complications of cardiac metastases (i.e., tumor-thrombus).
Thrombogenesis can occur in cancer patients due to upreg-
ulation of systemic hematologic coagulation pathways, sta-
sis, or foreign hardware such as indwelling central venous
catheters commonly placed in advanced cancer patients [13].

Accurate identification of cardiac neoplasms and thrombi
is of critical importance to guide therapeutic
decision-making and prognostic risk stratification: some
neoplasms can be treated via targeted anti-cancer therapies,
whereas thrombus can often be resolved with prompt,
effective anticoagulation. However, cardiac masses can be
challenging to identify on conventional imaging such as
echocardiography as neoplasm and thrombus can appear
similar to one another. Furthermore, cases of mural throm-
bus or intramyocardial neoplasm can be challenging to dis-
tinguish from surrounding myocardium. Whereas both types
of cardiac masses can have similar morphology, neoplasm
requires vascular supply for tumorigenesis whereas throm-
bus is intrinsically avascular. Cardiac magnetic resonance
imaging (CMR) can identify cardiac masses based on tissue
characteristics. Using the technique of late gadolinium en-
hancement (LGE), cardiac MRI differentiates neoplasm from
thrombus based on presence or absence of vascularity as
manifested by contrast enhancement [2, 5, 14–17]. In prior
research by our group, the magnitude of contrast enhance-
ment of cardiac masses has been shown to correlate with
metabolic activity as established by FDG-PET, and incre-
mental utility of LGE-CMR has been demonstrated for
detection of thrombi or neoplasms with extensive tumor
necrosis [3].

Cardiac masses impact morbidity, mortality, and thera-
peutic decisions for cancer patients. In a retrospective anal-
ysis of 330 cancer patients with cardiac masses (n = 190)
and matched controls (n = 140), LGE-CMR detected cardiac
neoplasms in 66% and thrombi in 34% of cases [18]. In
these patients with cardiac masses, embolic events occurred
in 20% with a median time of 1.3 months from MRI iden-
tification of the mass to the embolic event. Cumulative
embolic events were threefold higher in patients with cardiac
masses versus controls (20% vs. 7%, p = 0.001). As
expected, embolic event type varied based on cardiac mass
location: right-sided intracavitary lesions were associated
with a threefold increase in pulmonary embolism (20% vs.
6%, p = 0.02) whereas left-sided lesions were associated

with increased cerebrovascular events (18% vs. 7%,
p = 0.13). In addition, cardiac masses identified as having an
intracavitary location on MRI (25% vs. 7%, p < 0.001) or as
being highly mobile (38% vs. 12%, p = 0.001) were asso-
ciated with increased embolic event rates.

Prior studies by our group have also shown that differen-
tiation between cardiac neoplasm and thrombus on cardiac
MRI also provides utility with mortality risk prediction.
Mortality risk was similar between patients with cardiac
thrombi and control patientsmatched for cancer type and stage
(hazard ratio [HR] = 0.82 [CI 0.35–1.89], p = 0.64) [2]. In
contrast, cardiac metastasis was associated with more
advanced disease and significantly higher mortality. Patients
with cardiac metastasis showed increased mortality compared
to patients with cardiac thrombi (HR 3.06 [CI = 1.84 – 5.1],
p < 0.001) as well as matched controls (HR 2.08 [CI = 1.42
– 3.04], p < 0.001) during amedian follow-up of 9.4 months
[IQR 3.6–23.2] [2, 12]. Mortality differed in relation to tissue
characteristics of cardiac metastasis. Patients with diffusely
enhancing cardiac metastasis had near equivalent mortality to
matched controls (p = 0.55), whereas prognosis was worse
among patients with heterogeneously enhancing cardiac
metastasis (p < 0.001)—including increased 6-month (46%
vs. 23%) and 1-year (65% vs. 37%) mortality in respective
case–control comparisons (both p < 0.01) [12]. In addition,
the presence of a heterogeneously enhancing cardiac metas-
tasis conferred higher risk for mortality (HR 2.37 [CI 1.49–
3.77], p < 0.001) than the number of lesions (HR 1.62 [CI
1.27–2.07], p < 0.001) or lesion size (1.08 per 5 cm [CI 0.51–
2.27], p = 0.85) suggesting increased vascularity and tumor
hypoxia/necrosis are associated with aggressive tumors [12].

16.2 Cases 1.1 and 1.2: Cardiac MRI
for Differentiating Right Atrial Tumor
from Thrombus

Differentiating cardiac mass subtypes such as neoplasm
versus thrombus is important for therapeutic
decision-making.

• Cardiac MRI offers assessment of cardiac structure,
morphology, location, and tissue characterization of car-
diac masses.

• Cardiac MRI with long TI late gadolinium enhancement
imaging enables neoplasm to be differentiated from
thrombus based on the presence or absence of contrast
enhancement: cardiac neoplasm enhances (due to vascu-
lar supply) whereas cardiac thrombus does not (due to
avascularity).

128 A. Plitt et al.



16.2.1 Case 1.1

A 68-year-old woman with metastatic melanoma was
referred to cardiology clinic for further evaluation of a car-
diac mass. Oncologic history was notable for melanoma of
right upper back and axillary lymph nodes diagnosed 4 years
prior. The patient underwent complete resection and entered
surveillance monitoring. She subsequently developed gas-
trointestinal bleeding and anemia and was noted to have
recurrence of melanoma (gastric, lung, lymphatic metas-
tases). Gastric lesions were cauterized and the patient began
therapy with ipilimumab, cyclophosphamide, vincristine and
dacarbazine, and a trial drug (ABT888 and bendamustine).
Because of disease progression the trial drug was stopped
and the patient had surveillance with cardiac MRI which
showed normal bi-ventricular function as well as cardiac
masses with heterogeneous contrast enhancement—consis-
tent with neoplasm (Fig. 16.1, panel A; Video 16.1; panel A
done without contrast shows the motion of the tumor). The
patient was started on a clinical trial with immunotherapy
but had progression of disease with brain metastasis and
expired 4 months later.

16.2.2 Case 1.2

A 43-year-old woman with stage IV adenocarcinoma of the
breast with metastases to soft tissue, bone and liver treated
with doxorubicin, pembrolizumab, and radiation therapy.
The patient had a mediport placed 6 months earlier for
chemotherapy administration. Echocardiogram showed nor-
mal cardiac function but there was a sessile echodensity
attached to the lateral right atrial wall (1.6 � 1.0 cm). Car-
diac MRI was ordered for tissue characterization of the
cardiac mass and showed a mobile, ovoid-shaped lesion in
the right atrium (2.0 � 0.8 cm) at the postero-lateral wall
(Fig. 16.1b upper panel, Video 16.1 panel B). Some MRI
slices (not shown) showed that the mass was near the
mediport catheter tip. The mass demonstrated absence of
contrast enhancement on cardiac MRI (Fig. 16.1b lower
panel), consistent with thrombus. The patient was started on
anticoagulation and a follow-up echocardiogram after
3 months of anticoagulation showed a reduction in size of
the thrombus. Typically once a mass is recognized on
echocardiography and characterized by MRI imaging,
follow-up with echocardiography alone is sufficient.

16.3 Case 2. Neoplasm Invading Through
Pulmonary Vein to Left Atrium

Systemic neoplasms can invade the heart via four mecha-
nisms: (1) direct extension, (2) retrograde extension (lym-
phatic spread), (3) hematogenous spread, and (4) transvenous
extension (via the inferior vena cava or pulmonary veins).

A 52-year-old woman with oncologic history notable for
cervical cancer diagnosed 1.5 years prior to presentation. She
underwent treatment with chemo/radiation therapy, and
debulking total hysterectomy/bilateral salpingo-
oophorectomy. She was found to have metastatic disease to
the lungs 3 months prior to presentation and was subse-
quently started on a protocol consisting of durvalumab and
tremelimumab, immunotherapy against PD-L1 and CTLA-4.
She subsequently developed a recurrent right pleural effusion
requiring pleur-x catheter drainage. Follow-up chest CT
demonstrated a new right middle lobe mass infiltrating the
right superior pulmonary vein and the left atrium, prompting
urgent care evaluation. On presentation, physical exam was
notable for decreased right-sided breath sounds. ECG
demonstrated sinus rhythm without marked change in
depolarization or repolarization pattern. She was admitted to
the telemetry unit and cardiac MRI showed a mass
(2.2 � 1.1 cm) in the right superior pulmonary vein and left
atrium that demonstrated contrast enhancement, consistent
with metastasis (Fig. 16.2, Video 16.2). Given the new
malignant pleural effusion the chemotherapy regimen was
adjusted to bevacizumab/carboplatin/taxol.

A B 
Cine-CMR

LGE-CMR

Cine-CMR

LGE-CMR

Fig. 16.1 Right atrial masses on cardiac MRI: a Still frames from
cine-CMR showing tumor appearing as bilobed right atrial mass (top
panel) with long inversion time (TI) on late gadolinium enhancement
CMR (TI 600 ms) in bottom panel compared with thrombus b that has
a similar appearance to tumor on upper panel cine-CMR but clearly
showing no late gadolinium enhancement on lower panel. The mediport
catheter tip associated with this thrombus was not seen on these MRI
slices.
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16.4 Case 3. Primary Cardiac Neoplasm
Progressing from Diffusely Enhancing
to Mixed to Predominantly Avascular
Neoplastic Mass

A 51-year-old male with no prior cardiac history presented
with chest pain for 4 weeks. An echocardiogram showed a
cardiac mass involving the superior pulmonary vein. The
patient underwent an endoscopic robotic resection of the left
atrial mass involving the superior pulmonary vein and the
left atrial appendage with replacement of the mitral valve.
Pathology demonstrated the mass to be a cardiac intimal
sarcoma. Six months after initial surgery, cardiac MRI
showed a small region of diffuse late gadolinium enhance-
ment in mid-anterior left ventricular wall (Fig. 16.3, Video
16.3) suspicious for cancer recurrence. Subsequent cardiac
MRI exams demonstrated progressive lesion growth; sur-
gical resection and percutaneous ablation options were not
deemed feasible. The sarcoma was found to have an MDM2
mutation and an MDM2 inhibitor was started without
therapeutic response as evidenced by progressive lesion

growth on serial MRI. Approximately 2.5 years after initial
resection, perfusion MRI demonstrated increasing vessel
tortuosity within the mass concerning for coronary fistula
and/or aneurysm. Subsequent MRI exams demonstrated
progressive lesion growth; post-contrast tissue characteri-
zation demonstrated progressive avascularity within central
aspects of the mass (previously enhancing) consistent with
new onset tumor necrosis. The patient was started on
pazopanib and gemcitabine therapy. Approximately, 4 years
after initial diagnosis, an MDM2 inhibitor was resumed, but
the patient continued to have progression of disease
prompting radiation and immunotherapy. One month after
radiation therapy, he was admitted to an outside hospital for
chest pain and anterior ST elevation myocardial infarction.
Cardiac catheterization confirmed tumor compression of the
LAD with sparing of RCA and LCx. There was a large
aneurysm involving mid to distal LAD and a 95% stenosis
of the mid to distal first diagonal branch. The patient
had gastrointestinal (GI) bleeding and was not started on
anticoagulation. A follow-up cardiac MRI showed moder-
ately decreased LV and RV functions due to tumor adher-
ence to pericardium.
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Fig. 16.2 Metastatic cervical
cancer invading from pulmonary
vein to the left atrium in
four-chamber view (left) and
five-chamber view (right). Still
frame from cine-CMR showing
cardiac mass (circled) in end
diastolic (ED) and end systolic
(ES) frames. Long TI LGE-CMR
(TI 600 ms) showed
heterogenous contrast
enhancement pattern within the
mass consistent with metastasis
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16.5 Cases 4.1–4.3: MR/PET Comparison

Cardiac MRI and PET are the two most commonly used
imaging modalities to detect and characterize cardiac neo-
plasms—18FDG PET detects tumor metabolic activity
whereas cardiac MRI detects tumor vascularity.

• Comparison between cardiac MRI and 18FDG whole
body PET showed a direct correlation between the degree
of tumor vascularity and metabolic activity.

• Tumors with diffusely enhancing lesions on cardiac MRI
showed high 18FDG avidity on whole body PET whereas
tumors with minimal contrast enhancement or thrombus
lack FDG avidity.

16.5.1 Case 4.1

An 83-year-old man with non-Hodgkin’s lymphoma diag-
nosed 9 years ago as a right paratracheal mass, biopsy
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Fig. 16.3 Long-axis (top two panels) and short-axis (bottom two
panels) frames from serial cardiac MRIs. Six months after resection of
primary cardiac sarcoma from left atrium, with recurrence in the
mid-anterior left ventricular wall showing increased T2 signal intensity
on cine-CMR suggestive of increased edema (top) and a small
subendocardial and mid-endocardial hyperenhancement (bottom) and
both the long- and short-axis views. In year 2, left ventricular wall

thickness increased at the mid-anterior region on frame from cine-CMR
and heterogeneously enhanced on LGE-CMR. In year 3, the
mid-anterior left ventricular wall mass further increased in size on
cine-CMR. The lesion showed hyperenhancement in mid-anterior LV
wall and increased peripheral hyperenhancement with central necrosis
of the lesion. In year 4, the lesion further progressed as a very large
primarily necrotic mass with peripheral rim of enhancement
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confirmed as follicular lymphoma. He had received radiation
to the right paratracheal region and mediastinum. He had
multiple recurrences and received treatment with rituximab.
A 18F-FDG-PET for disease monitoring demonstrated
increased splenic avidity as well as a new FDG avid mass
either abutting or within the lateral wall of right atrium with
SUV of *13 (Fig. 16.4a). A follow-up cardiac MRI
demonstrated a diffusely enhancing ovid neoplasm in the
superior-posterior aspect of the right atrium (1.5 cm � 0.8
cm) at the orifice of the superior vena cava, corresponding to
the FDG avid mass noted on PET (Fig. 16.4a). He received
radiation therapy (24 Gy) to the right atrial mass followed
by rituximab, gemcitabine, cyclophosphamide, vincristine,
and dexamethasone (R-GCVP). A follow-up 18F-FDG-PET
showed complete remission. Unfortunately, the patient had
additional recurrences with poor tolerance to treatments and
thus treatment was discontinued. The patient expired
20 months later.

16.5.2 Case 4.2

A 78-year-old man with a history of poorly differentiated
stage IV non-small cell lung cancer presented to cardiology

clinic for further evaluation of an abnormal ECG. Oncologic
history was notable for a newly identified large mediastinal
mass and bilateral pulmonary nodules diagnosed during a
hospital admission 3 weeks prior, at which time he had
presented to the emergency room with atrial fibrillation and
was found to have a loculated pericardial effusion and
tamponade requiring pericardiocentesis. CT imaging
revealed a mediastinal mass that was biopsied and inter-
preted as poorly differentiated non-small cell lung cancer.
Treatment was initiated with carboplatin and pemetrexed. In
clinic, exam was notable for 1 + pitting edema. Repeat
echocardiogram revealed an echo dense mass adjacent to the
left atrium and thus cardiac PET and MRI were pursued.
MRI revealed a large, irregularly contoured mediastinal
mass abutting the posterior and superior aspects of the left
atrium and extending within the pericardium adjacent to the
left ventricular basal mid-anterior and lateral walls with
peripheral enhancement. PET demonstrated minimal FDG
avidity in these regions (Fig. 16.4b). Due to rapid progres-
sion of the disease resulting in compression of the right main
pulmonary artery, a repeat biopsy was done showing a
poorly differentiated sarcomatoid pleomorphic malignant
neoplasm and radiation therapy was started. The patient
expired 4 months following the initial diagnosis.

Long-TI LGE-CMR
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A  B  C Fig. 16.4 Correlation between
contrast cardiac MRI (top) and
18F-FDG-PET (bottom):
a diffusely enhancing right atrial
neoplasm on cardiac MRI in a
patient with non-Hodgkin’s
lymphoma and corresponding
highly FDG avid mass on
18F-FDG-PET (bottom).
b Heterogeneously enhancing
masses in left atrium and the
pericardial space near left
atrial-ventricular groove (MRI
top) in a patient with metastatic
non-small cell lung cancer and
18F-FDG-PET (bottom) showing
differential FDG avidity.
c Predominantly avascular mass
in left atrium near left atrial
appendage on cardiac MRI
(top) and non-FDG avid mass on
PET (bottom) in a patient with
angiosarcoma
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16.5.3 Case 4.3

A 66-year-old man with HTN was diagnosed with metastatic
angiosarcoma while undergoing workup for low back pain.
Six months later in preparation for systemic chemotherapy, he
underwent chest CT which demonstrated a pulmonary
embolism, as well as a suspected left atrial mass. Cardiac MRI
(for further characterization of the cardiac lesion) demon-
strated a mass extending from the left atrial appendage to the
lateral aspect of the left atrial chamber; post-contrast tissue
characterization demonstrated prominent central hypoen-
hancement with minimal peripheral hyperenhancement con-
sistent with poorly vascularized neoplasm. Follow-up cardiac
MRI showed an increase in the size of the left atrial mass
which continued to demonstrate minimal peripheral en-
hancement; FDG-PET imaging was indeterminant
(Fig. 16.4c). Given its enhancement on MRI, the lesion was
deemed consistent with metastatic intracardiac neoplasm. The
patient’s disease progressed despite multiple chemotherapy
regimens and he expired 1.5 years after diagnosis.

16.6 Case 5. Mobile Metastasis at Aortic
Valve Causing Discordance Between
Cardiac MRI Contrast Enhancement
and FDG Avidity on PET

Cardiac MRI showed better detection of highly mobile
cardiac neoplasm.

A 52-year-old man underwent excision of a spindle cell
sarcoma of the gastric and esophageal mucosa. On routine
follow-up (10 months after initial diagnosis), he was noted
to have a cardiac murmur which prompted an echocardio-
gram that showed a mass on the aortic valve. He underwent
cardiac surgery with resection of the mass on the aortic valve
confirmed as spindle cell sarcoma. Metastatic disease within
1 year of initial diagnosis suggested a highly aggressive
tumor but the role of adjuvant therapy has not been well
established in such cases. Ongoing frequent surveillance was
pursued. On follow-up (at 24 months) a new adrenal nodule
and small osseous sclerotic lesions were detected and the
lesions were treated with radiation therapy and
gemcytabine/docetaxel were begun. Cardiac MRI demon-
strated an irregularly contoured mobile mass in the aortic
root, which was partially adherent to the left coronary aortic
valve cusp. Post-contrast tissue characterization of the mass
demonstrated enhancement, consistent with neoplasm
(Fig. 16.5). Video images show marked mobility of the mass
associated with the aortic valve (Video 16.4). Treatment
with doxorubicin and olaratumab was started, after which
the patient developed a hemorrhagic stroke. He then
underwent repeated surgical resection of the aortic valve
mass. Pathology again revealed spindle cell carcinoma,

prompting treatment with doxorubicin, ifosfamide, and
mesna (AIM). Over the course of the following year,
metastatic disease progressed despite multiple regimens of
chemotherapy and radiation therapy. He expired approxi-
mately 3 years following the initial diagnosis.

16.7 Case 6. Highly Mobile Right Ventricular
Neoplasm Causing Pulmonary
Embolism

A 62-year-old man with myxofibrosarcoma presented with
acute shortness of breath. Oncologic history was notable for
initial diagnosis of right axillary myxofibrosarcoma
3 months prior to presentation. He underwent resection with
negative margins but post-operatively was diagnosed with
pulmonary emboli and was started on anticoagulation. Fur-
ther workup revealed a right-sided pulmonary embolism as
well as a right ventricular mass with severe right ventricular
dilation and impaired systolic function. Surgical intervention
was not deemed feasible, he was started on anticoagulation
and transferred to our institution for further management of
metastatic disease. His treatment regimen consisted of dox-
orubicin, ifosfamide, and mesna (AIM). Cardiac MRI
demonstrated a large RV mass with RV hypokinesis
(Fig. 16.6, Video 16.5). The patient subsequently developed
high-grade myelodysplastic syndrome and was transferred to
hospice care.

16.8 Case 7. Intra-Myocardial Mass
with STEMI Presentation

A 59-year-old man with history of hypertension, diabetes
mellitus, and metastatic hepatocellular carcinoma
(HCC) who initially presented to urgent care with chief
complaints of odynophagia, dysphagia, and shortness of
breath. Oncologic history was notable for diagnosis of HCC
9 years prior to presentation with subsequent liver transplant
3 years after the initial diagnosis. He remained in remission
for 5 years but subsequently developed metastases
throughout the axial and appendicular skeleton. On cardiac
MRI, the left ventricular inferior wall demonstrated asym-
metric thickening with associated diffuse hyperenhancement
(Fig. 16.7); decreased FDG uptake was present in this region
on 18F-FDG whole body PET. Cine CMR showed focal
thickening of the inferior wall but preserved systolic func-
tion in a small cavity (Video 16.6). The patient underwent
targeted radiation treatment and initiated treatment with a
tyrosine kinase inhibitor (regorafenib). On admission, the
patient was hemodynamically stable but uncomfortable
appearing, and his cardiac exam revealed a grade IV/VI
systolic murmur at the left upper sternal border. He was
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started on empiric treatment for presumed esophagitis;
however, the hospital course was complicated by progres-
sive shortness of breath and lethargy. ECG showed inferior
ST elevations (Fig. 16.8a). Troponin was elevated at
0.4 ng/mL (normal cutoff value <0.06 ng/ml).
Repeated ECG showed resolution of the ST elevations and

patient remained chest pain free. CT angiography revealed a
large mass invading the inferior and inferoseptal left ven-
tricular walls and encasing the right coronary artery
(Fig. 16.8b). He was treated with beta blockers and pain
control was achieved. He was continued on immunosup-
pressive therapy and ultimately discharged to home hospice.

Cine-CMR 

Long-TI LGE-CMR 18F-FDG-PET Pathology

Fig. 16.5 Frames from
cine-CMR, upper left at end
diastole (ED), upper middle at
end systole (ES) showing mobile
mass on the ventricular side of the
aortic valve with the valvular
location best seen in the upper
right image. Lower left image
shows the mass to have
heterogenous contrast uptake
pattern consistent with a
metastasis. The mass showed no
FDG uptake on PET in the lower
middle panel. Surgical pathology
of aortic valve shown on the
lower right panel confirmed
spindle cell carcinoma

Cine-CMR 

LGE-CMR 

Fig. 16.6 Large right ventricular
neoplasm with heterogenous
contrast uptake on long TI
LGE-CMR (TI 600 ms)
consistent with metastasis in a
patient with metastatic right
axillary myxofibrosarcoma.
Frames from cine-CMR (top),
LGE-CMR (bottom).
Four-chamber view (left),
five-chamber view (middle), and
mid chamber short-axis view
(right)
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Cine-CMR  Long-TI LGE-CMR 18F-FDG-PET

Pathology

Hep Par-1 

Fig. 16.7 Hepatocellular carcinoma metastasized to inferior wall of
left ventricle with asymmetrical thickening of left ventricular wall
shown in still frame cine-CMR short-axis image, top and long-axis
image, bottom. This region showed diffuse enhancement on

LGE-CMR in the middle panels (arrows). There was no FDG uptake
in the mass as shown in the upper right panel. Pathology of lymph node
biopsy in lower right image showed cells which were positive for Hep
par-1 staining consistent with hepatocellular carcinoma

RCA

Inferior 
wall
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Baseline ECG

Inferior ST elevation ECG
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Fig. 16.8 a Baseline EKG with prominent voltage and diffuse t-wave inversions. Bottom panel: EKG with inferior ST elevation. b CT coronary
angiogram showing the tumor encasing the right coronary artery (RCA)
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16.9 Case 8. Pericardial Neoplasm Causing
Constriction

A 22-year-old man with cardiac angiosarcoma metastatic to
lungs presented to urgent care with the chief complaint of
chest pain and shortness of breath. Oncologic history was
notable for diagnosis of cardiac angiosarcoma 4 months
prior to presentation confirmed by biopsy. Due to recurrent
pericarditis with pericardial effusions, the patient had
undergone a pericardial window operation and was treated
with doxorubicin and ifosfamide. Cardiac MRI demon-
strated circumferential thickening and diffuse late gadolin-
ium enhancement of the pericardium extending to the
superior and the inferior vena cavae consistent with meta-
static neoplasm (Fig. 16.9). Physical exam was notable for
lower extremity edema and mild abdominal distention. Labs
were notable for mild troponin elevation (peak 0.89 ng/mL).
ECG demonstrated sinus tachycardia with right axis devia-
tion. Chest X-ray showed bibasilar consolidations with
increased pleural effusions. The patient was treated with
antibiotics; a pericardial catheter was placed which yielded
serosanguinous drainage. Repeated cardiac MRI demon-
strated a thickened pericardium with decreased bi-ventricular
function (LVEF 50% RVEF 39%), with imaging features
(prominent septal bounce) concerning for constrictive
physiology (Video 16.7). On hospital, on day 6, patient
developed hypoxemic respiratory failure and expired.
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17Carcinoid Heart Disease

Darwin F. Yeung, Sushil Allen Luis, and Heidi M. Connolly

17.1 Introduction

Neuroendocrine tumors are rare neoplasms that predomi-
nantly originate from the gastrointestinal tract. They secrete
vasoactive substances that produce the constellation of
flushing, diarrhea, and bronchospasm known as carcinoid
syndrome. These substances cause plaque-like deposits to
form on endocardial surfaces resulting in predominantly
right-sided valve abnormalities that represent the hallmark
feature of carcinoid heart disease. Echocardiography is the
imaging modality of choice to assess the degree of cardiac
involvement. Advances in diagnostic imaging, medical
therapies, and interventional techniques have contributed to
a decline in incidence of carcinoid heart disease and
improved outcomes.

17.2 Epidemiology

Carcinoid heart disease was first described in the 1950s [1].
Since then, the incidence of neuroendocrine tumors has
increased from *1 per 100,000 in 1973 to *7 per 100,000
in 2012 [2]. Among patients with neuroendocrine tumors,
approximately 20% exhibit features of carcinoid syndrome
[3]. Of these patients, 50–70% demonstrate

echocardiographic evidence of carcinoid heart disease,
although the prevalence may be closer to 20% in recent
years due to more timely medical treatment [4, 5].

17.3 Pathophysiology

Neuroendocrine tumors can originate in any part of the body
but most commonly occur in the gastrointestinal and respi-
ratory tracts [6]. The tumors themselves grow slowly but
secrete up to 40 different vasoactive products including
5-hydroxytryptamine (5-HT, serotonin) and tachykinins.
Tumors that release these vasoactive substances often occur
in the midgut (distal duodenum to proximal colon) and
infrequently in the foregut (distal esophagus to proximal
duodenum and lungs) and hindgut (distal colon) [7].

Carcinoid heart disease results in part from the
plaque-like deposition of these substances onto the endo-
cardial surfaces of valves, subvalvular apparatus, and car-
diac chambers, as well as onto the intimal layer of great
vessels [6]. Patients with more significant cardiac disease
have higher levels of tachykinins and serotonin metabolites
[4]. The histopathological abnormalities are similar to those
caused by anorectic drugs and ergot derivatives, which act
on serotonin receptors [8, 9].

17.4 Clinical Manifestations

Neuroendocrine tumors are generally slow-growing and
thus rarely produce symptoms related to mass effects.
Instead, clinical manifestations of the disease primarily
result from the vasoactive substances that they produce.
While patients with non-functioning tumors might be
asymptomatic, those with functioning tumors demonstrate
the characteristic symptoms of carcinoid syndrome includ-
ing flushing, diarrhea, and bronchospasm [10].

In addition, patients with right-sided heart valve abnor-
malities may develop symptoms of right heart failure
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including fatigue, dyspnea, and edema. Physical examina-
tion may reveal ascites, edema, pleural effusion, a paraster-
nal lift due to right ventricular (RV) enlargement, a systolic
murmur of tricuspid regurgitation (TR) along the left lower
sternal border that augments with inspiration, and an ele-
vated jugular venous pressure with a prominent V wave due
to severe TR [11].

17.5 Diagnosis

17.5.1 Biomarkers of Neuroendocrine Tumors
and Carcinoid Heart Disease

5-hydroxyindoleacetic acid (5-HIAA) is a by-product of
serotonin metabolism. A 24-h urinary 5-HIAA has a 70%
sensitivity and a 90% specificity for the diagnosis of
well-differentiated neuroendocrine tumors, with a > 90%
specificity for midgut tumors, which are more likely to
secrete serotonin [7]. Serum 5-HIAA can be used as a
convenient alternative [7, 11]. Increased 5-HIAA levels are
associated with progression of carcinoid heart disease and
increased mortality [12].

Chromogranin A (CgA) is a glycoprotein that is secreted
by most neuroendocrine tumors and therefore serves as a
general biomarker of both functioning and non-functioning
tumors [7]. CgA has been shown to have a 100% sensitivity
but only 30% specificity in predicting carcinoid heart disease
[11]. In contrast, it demonstrates a relatively high specificity
in identifying metastatic disease [7]. It is therefore mainly
used in follow-up to assess recurrence or progression of
disease.

Among patients with known neuroendocrine tumors,
N-terminal pro-brain natriuretic peptide (NT-proBNP) rep-
resents the most effective biomarker to detect the presence of
carcinoid heart disease [11]. Its high negative predictive

value makes it effective in ruling out cardiac involvement
[5].

17.5.2 Multimodality Imaging
for the Assessment of Carcinoid Heart
Disease

Two-dimensional transthoracic echocardiography with
Doppler is the imaging modality of choice for the evaluation
of patients with suspected or known carcinoid heart disease
(Table 17.1).

Other echocardiographic techniques can refine the
assessment. Administration of agitated saline facilitates the
detection of a right-to-left inter-atrial shunt. Transesophageal
echocardiography offers better visualization of the atrial
septum and valves. Three-dimensional echocardiography
provides en face views of valves that can help with surgical
planning [13]. Myocardial deformation (strain) analysis
identifies subclinical cardiac chamber impairment.

Ancillary imaging modalities such as cardiac computed
tomography (CT) and magnetic resonance imaging
(MRI) provide high-resolution images of cardiac structures
that may have been challenging to define on
echocardiography.

17.5.2.1 Valvular Heart Disease
The hallmark feature of carcinoid heart disease is the
development of thickened, retracted, and fixed valve leaflets
resulting in regurgitation, stenosis, or both. The tricuspid
valve is involved in over 90%, the pulmonary valve in
*70% of cases, and the mitral and aortic valves < 30% of
the time [13]. TR is the most common valve lesion. The
degree of regurgitation and stenosis can be estimated in
qualitative, semi-quantitative, and quantitative terms using
various Doppler techniques [14, 15].

Table 17.1 Echocardiographic
assessment of carcinoid heart
disease

• Valve abnormalities
- Valves are thickened, retracted, and fixed resulting in regurgitation, stenosis, or both
- Right-sided valves (tricuspid > pulmonic) are predominantly involved
- Left-sided valves (mitral > aortic) are sometimes involved but usually in the setting of an inter-atrial
shunt, or high tumor burden
- Following operative intervention, prosthetic valve function is assessed
• Cardiac chamber remodeling and dysfunction
- Right-sided chamber enlargement usually develops along with eventual systolic and diastolic dysfunction
in response to progressive right-sided valve disease
- Left-sided chamber abnormalities can occur with left-sided valve disease
• Inter-atrial shunt such as a patent foramen ovale or atrial septal defect
- Right-to-left shunting can predispose patients to hypoxemia or left-sided valve disease
- Atrial septum should be assessed by color Doppler and agitated saline in all patients
• Pericardial disease
- Pericardial effusions are often small and infrequently hemodynamically significant
- Constrictive pericarditis occurs rarely, most often after cardiac surgical intervention
• Metastatic carcinoid tumors that infiltrate the myocardium are uncommon
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Right-sided valves are more commonly affected than
left-sided valves as vasoactive substances are thought to be
metabolized in the lungs. Left-sided valve disease has been
associated with an inter-atrial shunt and high tumor burden.
Bronchopulmonary carcinoid tumors do not cause left-sided
valve disease in the absence of liver metastases or a patent
foramen ovale [16].

17.5.2.2 Cardiac Chamber Remodeling
and Dysfunction

The ventricles dilate in response to chronic volume overload
from significant regurgitation and hypertrophy in response to
chronic pressure overload from significant downstream
stenosis. In either case, ventricular dysfunction eventually
develops. Similarly, atrial dilatation occurs due to downstream
valve stenosis or regurgitation, or ventricular impairment.

Right-sided chamber enlargement and dysfunction often
occur in patients with carcinoid heart disease due to pro-
gressive right-sided valve disease. Similar left-sided cham-
ber abnormalities can occur in the presence of significant
left-sided valve disease.

Impairment in RV function and valvular dysfunction can
eventually lead to right-sided heart failure. In the future,
identification of subclinical chamber impairment by strain
imaging may play a more prominent role in risk-stratifying
patients to determine the optimal timing of intervention [17].

Several echocardiographic scoring systems have been
developed, which grade the severity of carcinoid heart dis-
ease based on right-sided valve leaflet mobility and thick-
ness, valvular regurgitation or stenosis, and ventricular size
and function [18]. These scoring systems correlate with
NT-pro-BNP and serum 5-HIAA, and can be used to follow
disease progression.

17.5.2.3 Atrial Level Shunt
The presence of an inter-atrial shunt such as a patent fora-
men ovale (PFO) or an atrial septal defect has important
implications in carcinoid heart disease. In the setting of
elevated right atrial (RA) pressure due to right-sided heart
disease, significant right-to-left shunting can result in cya-
nosis and hypoxemia which can occur at rest or with activity
and contribute to symptoms [19]. Furthermore, a right-to-left
shunt increases the likelihood of left-sided valve disease as
vasoactive substances enter the left side of the heart without
being metabolized by the lungs [20]. The atrial septum
should therefore be carefully interrogated by color Doppler
and agitated saline in all patients with carcinoid tumors.

17.5.2.4 Pericardial Disease
Metastatic lesions within the pericardium are rare [21]. In
contrast, pericardial effusions were found in 14% of patients
with carcinoid heart disease in one cohort [22]. These effu-
sions are generally small and rarely hemodynamically

significant although large effusions requiring intervention
have been reported [21, 22]. Constrictive pericarditis is
similarly uncommon [23].

17.5.2.5 Metastatic Carcinoid Tumor Infiltration
of the Myocardium

Myocardial metastases were found in approximately 4% of
patients in one series [22]. In rare instances, the tumor may
represent the only manifestation of carcinoid heart disease
[24]. These tumors can generally be visualized by echocar-
diography if they are at least 1.0 cm in size; smaller lesions
are more likely to be visualized by cardiac CT or MRI.

17.6 Management

The management of patients with carcinoid heart disease
involves a multi-pronged approach that combines medical
treatment with surgical intervention to reduce morbidity and
mortality. This is accomplished by reducing tumor burden,
lowering vasoactive substance levels, managing valvular
heart disease, and treating symptoms caused by vasoactive
substances or heart failure.

17.6.1 Medical Management

Somatostatin analogs such as octreotide represent the
cornerstone of treatment for carcinoid syndrome. These
medications reduce symptoms, lower vasoactive substance
levels, and delay disease progression [25]. They may also be
responsible for the decline in incidence of carcinoid heart
disease among patients with neuroendocrine tumors and
carcinoid syndrome [5].

Second-line therapies for refractory symptoms include:
interferon alpha [26], the mTOR inhibitor everolimus [27],
the serotonin synthesis inhibitor telotristat [28], and peptide
receptor radionuclide therapy such as 177-Lutetium dotatate
or 90-Yttrium edotreotide [29].

Medications to treat right-sided heart failure are limited to
diuretics, which may provide temporary relief of edema but
may also reduce cardiac output and worsen fatigue without
altering the course of carcinoid heart disease.

17.6.2 Surgical Management

Surgical resection of the primary tumor can be considered
depending on its size, location, pathologic grade, metastatic
spread, patient comorbidities, and effect on adjacent struc-
tures [30].

In patients with metastatic disease to the liver, further
reduction in tumor burden can be achieved by hepatic
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resection or transcatheter arterial embolization [31]. Reduc-
ing the tumor burden in the liver can delay disease pro-
gression and may improve survival but does not cause
regression of carcinoid heart disease.

Although severe carcinoid heart disease previously rep-
resented a contraindication to hepatic resection, valve
replacement has been found to reduce the complications of
excessive bleeding caused by elevated right-sided pressure
and is now recommended prior to the procedure [32].

Surgical valve replacement remains the only treatment
with mortality benefit for symptomatic carcinoid heart dis-
ease. Surgery is generally indicated when valve lesions
become severe and symptomatic. When all four valves are
severely diseased, quadruple valve replacement can be per-
formed [33].

Bioprosthetic valves are generally preferred over
mechanical valves for right-sided valves since they have a
lower risk of thrombosis and generally do not require
indefinite anticoagulation. Therapies that lower vasoactive
substance levels should be optimized prior to operation to
reduce disease recurrence.

Closure of an inter-atrial shunt should be performed at the
time of cardiac surgery in the absence of contraindications to
prevent left-sided valve disease [20]. Rarely, percutaneous
closure of an inter-atrial shunt is performed for symptomatic
desaturation in a patient with valve disease that does not yet
meet indications for operative intervention.

Anesthetic agents and surgical manipulation can stimulate
the release of vasoactive substances and precipitate a
life-threatening carcinoid crisis characterized by hypoten-
sion, arrhythmias, and bronchospasm. Adequate periopera-
tive control of carcinoid syndrome including treatment with
octreotide infusion is recommended [34]. The perioperative
management is best facilitated by a multidisciplinary care
team.

17.7 Outcomes

The prognosis of carcinoid heart disease has been improving
over time [35]. The median survival of patients with estab-
lished carcinoid heart disease has increased from 1.5 years in
the early 1980s to 4.4 years by the late 1990s.

Valve intervention before the presence of advanced car-
diac symptoms has demonstrated increasingly favorable
outcomes. This may have contributed to this improvement in
survival [35–37]. Short-term mortality post-cardiac surgery
decreased from 29% in the mid-1980s to 5% in the
mid-2000s [36]. Perioperative mortality is associated with
older age, worse functional class, cytotoxic chemotherapy,
tobacco use, and chronic kidney disease [36, 37].

Prosthetic valve thrombosis is an increasingly recognized
postoperative complication that has been found to occur
even in bioprosthetic valves implanted in the tricuspid
position [37]. Consensus guidelines therefore recommend
anticoagulation for 3 to 6 months following valve replace-
ment and surveillance echocardiography after stopping
anticoagulation [11].

17.8 Case 1

Case summary. This is a classic case of carcinoid heart
disease.

• A baseline cardiac assessment including echocardiogra-
phy is recommended in all patients with carcinoid tumors
who have symptoms or signs of cardiac disease, elevated
NT-proBNP, or in those being referred for hepatic
resection. The hallmark features of carcinoid heart disease
include thickened, retracted, and fixed right-sided valves
with corresponding right-sided chamber enlargement.

• Medications that lower vasoactive substance levels could
theoretically delay the progression of carcinoid heart
disease but have not been demonstrated to cause regres-
sion of established disease. Valve replacement is the only
effective treatment for severe valve disease. To avoid
perioperative and prosthetic valve risks, cardiac surgery is
generally deferred until the onset of heart failure or RV
systolic dysfunction.

• Careful inspection of the atrial septum must be performed
by color Doppler and agitated saline during the baseline
echocardiogram. In this case, a PFO was not detected on
the transthoracic study but found intra-operatively.
A PFO should be closed at the time of surgery to reduce
the risk of developing left-sided valve disease.

A 52-year-old man presented with abdominal pain, nau-
sea, and vomiting. An exploratory laparotomy revealed
small bowel tumors that were resected and found to be of
neuroendocrine origin. Postoperatively, elevated 5-HIAA
levels along with symptoms of carcinoid syndrome sug-
gested the presence of residual disease although there was no
metastatic spread to the liver or lungs. A somatostatin analog
was initiated. Echocardiogram showed thickened right-sided
valves, moderate TR, severe pulmonary regurgitation (PR),
right-sided chamber enlargement, and preserved RV systolic
function. He remained asymptomatic from a cardiac per-
spective until 12 years later when he developed worsening
dyspnea, edema, and ascites. Repeated echocardiography
showed an increase in TR compared to baseline (Fig. 17.1,
Videos 17.1–17.7). Given the onset of heart failure, he
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underwent tricuspid and pulmonary valve replacement.
A PFO was found intra-operatively and surgically closed.
The patient survived another 4 years with no significant
cardiac issues.

17.9 Case 2

Case summary. This is a case of a patient with neuroen-
docrine ovarian tumors who developed carcinoid heart dis-
ease of all four valves requiring quadruple valve
replacement.

• Patients with ovarian neuroendocrine tumors without
hepatic metastasis often develop carcinoid heart disease
since vasoactive products released from the ovaries
bypass the liver and avoid being metabolized. Resection
of tumors confined to the ovaries could be curative and
halt progression of carcinoid heart disease.

• Carcinoid heart disease predominantly affects the
right-sided heart valves but can similarly involve the
left-sided heart valves, particularly in the presence of an
inter-atrial shunt or extensive tumor burden. Neverthe-
less, significant left-sided valve disease can still occur
without these conditions, as in this case.

• Carcinoid heart disease represents a rare circumstance in
which all four valves are severely diseased. Quadruple
valve replacement is occasionally performed with rea-
sonable outcomes.

A 68-year-old woman presented with abdominal pain,
diarrhea, and flushing. She eventually underwent a small
bowel resection and total abdominal hysterectomy with
bilateral salpingo-oophorectomy for well-differentiated
neuroendocrine tumors within the small bowel and ovaries.
There was regional spread but no hepatic or pulmonary
metastases. She was post-operatively treated with a
somatostatin analog. Three months later, she developed
rapidly progressive dyspnea, orthopnea, and edema requiring
hospitalization. Echocardiography revealed thickening and
restriction of all four valves with moderate TR, severe PR,
moderate–severe mitral regurgitation (MR), and moderate–
severe aortic regurgitation (AR) (Fig. 17.2, Videos 17.8–
17.15). All cardiac chambers were enlarged with low normal
biventricular systolic function. No inter-atrial shunt was

identified. Given the presence of significant valve disease
causing decompensated heart failure, she underwent a
quadruple valve replacement. The gross appearance of the
valves and the histopathologic findings were consistent with
carcinoid heart disease (Fig. 17.3). She was discharged in
stable condition within 10 days and survived another 2 years
after surgery.

17.9.1 Case 3

Case summary. This is a complex case of a patient with
carcinoid heart disease who experienced hypoxemia related
to significant right-to-left inter-atrial shunting, symptomatic
severe right-sided valve disease, and bioprosthetic valve
obstruction due to possible thrombus.

• Dyspnea, cyanosis, and hypoxemia represent an uncom-
mon presentation of carcinoid heart disease related to
right-to-left shunting through a PFO. Patients describe a
pattern of dyspnea that worsens from a supine to standing
position known as orthodeoxia-platypnea, which is
thought to be a result of mechanical deformation of the
atrial septum or right atrium.

• Transcatheter valve-in-valve replacement was not avail-
able at the time but now represents a potential option to
manage bioprosthetic valve dysfunction in contemporary
practice.

• Prosthetic valve obstruction related to thrombus is an
increasingly recognized complication following valve
replacement in patients with carcinoid heart disease. In
addition to indefinite antiplatelet therapy, warfarin anti-
coagulation is now recommended for 3 to 6 months fol-
lowing valve replacement with a bioprosthetic valve.
Periodic reassessment of prosthetic valve function is
advised after stopping anticoagulation. Re-initiation of
warfarin is suggested if prosthesis function deteriorates as
a result of suspected thrombosis [13].

64-year-old man was referred for cardiac evaluation
after presenting with exertional dyspnea. His medical his-
tory was significant for a small bowel carcinoid tumor with
metastases to his liver for which he underwent small bowel
resection 9 years earlier. Within weeks of his current pre-
sentation, he developed marked dyspnea that worsened

b Fig. 17.1 Classic echocardiographic-Doppler findings of carcinoid
heart disease. The tricuspid valve is thickened, retracted, and fixed with
a wide coaptation gap (A) resulting in severe TR suggested by color
Doppler (B) and by the dense, triangular-shaped continuous wave
(CW) Doppler profile during systole (C). The pulmonary valve has a
similar morphology with cusp thickening (D) with severe PR
evidenced by color Doppler (E) and by the CW profile during diastole
(F). Chronic volume overload from severe TR and PR causes severe

RA and RV enlargement in this para-apical two-dimensional image
(G) and septal flattening during diastole noted on short-axis imaging
(H). The dilated inferior vena cava with minimal collapse on
inspiration suggests elevated RA pressure (I). Color Doppler of the
hepatic vein shows normal forward flow (in blue) during diastole
(J) and abnormal flow reversal (in red) during systole (K), which is
also captured by pulsed wave (PW) Doppler (L), indicating severe TR
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from a supine to standing position. Physical examination
revealed cyanosis with oxygen saturation in the low 80 s
and a systolic murmur along the left sternal border that
augmented with inspiration. Echocardiography showed
thickened, retracted, and fixed right-sided valves, severe
TR and moderate–severe PR, right-sided chamber
enlargement with preserved RV systolic function, and a
PFO with continuous right-to-left shunting (Fig. 17.4,
Videos 17.16–17.19). Invasive hemodynamic assessment
revealed a normal RA pressure suggesting that his symp-
toms were primarily due to inter-atrial shunting rather than

valve disease. To avoid surgical risk, he underwent per-
cutaneous PFO closure and received maintenance somato-
statin analog treatment thereafter. A small residual shunt
remained but there was significant symptom reduction,
resolution of cyanosis, and normalization of oxygen satu-
ration. He remained well for a year before experiencing
another decline in exercise tolerance. Repeat echocardio-
gram showed an increase in PR and a reduction in RV
systolic function (Fig. 17.5, Videos 17.20–17.25). He
underwent cardiac surgery to replace his right-sided valves,
remove the PFO closure device, and surgically close the

Fig. 17.3 Pathologic findings of carcinoid heart disease. Surgically
resected aortic (A), mitral (B), and pulmonary (C) valves show
glistening, white leaflets with diffuse, irregular thickening. Photomi-
crographs of the resected pulmonary valve with hematoxylin and eosin

(D) and Verhoeff–van Gieson (E) stains show proliferative lesions with
a loose myxoid extracellular matrix, more dense lesions with collagen
deposition, and focal inflammatory infiltrates with focal disruption

b Fig. 17.2 Carcinoid heart disease involving all four valves. There is
diffuse valve thickening and retraction. The septal leaflet of the
tricuspid valve is relatively more restricted (A) resulting in suboptimal
coaptation and moderate TR as shown by color Doppler (B) and by the
holosystolic, parabolic CW profile of moderate density (C). The
pulmonary valve is fixed with a coaptation gap (D) leading to severe PR
detected by color Doppler (E) and by the dense triangular-shaped

diastolic CW profile (F). The posterior leaflet of the mitral valve is
tethered causing anterior leaflet override (G) and at least moderate
posteriorly directed MR suggested by color Doppler (H) and by the
holosystolic, parabolic CW profile of moderate density (I). There is
similar restriction of the aortic valve cusps resulting in malcoaptation
(J) and moderate–severe AR evidenced by the wide regurgitant jet on
color Doppler (K) and by the dense diastolic CW profile (L)
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Fig. 17.4 PFO with right-to-left shunt. Baseline transthoracic echocar-
diogram with agitated saline shows entry of bubbles into the RA and
RV (A) followed immediately by near opacification of the left atrium
and ventricle (B) suggesting the presence of a large right-to-left shunt.
Transesophageal echocardiography confirms the presence of a PFO

(C) with continuous right-to-left shunting (D). Follow-up echocardio-
gram with agitated saline after percutaneous PFO closure shows entry
of bubbles in the right-sided chambers (E) followed by a relatively
small number of bubbles in the left side of the heart within three cardiac
cycles (F) consistent with a small residual shunt across the atrial septum
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PFO. His exercise capacity improved significantly until a
year later when he developed worsening dyspnea. A mod-
erate severely elevated mean gradient of 35 mmHg was
found across the pulmonary valve bioprosthesis, which was
attributed to pannus and thrombus (Fig. 17.6, Videos
17.26–17.30). After excluding large thrombus burden on

the valve by intracardiac echocardiography, he underwent
percutaneous balloon valvuloplasty and was thereafter
maintained on anticoagulation. The mean gradient across
the valve decreased to 18 mmHg and his symptoms
improved. He survived two more years with no further
cardiac issues.

Fig. 17.5 Classic findings of carcinoid heart disease. There is
thickening, retraction, and immobility of the tricuspid (A) and
pulmonary (D) valves. The coaptation gaps are so wide that the
resultant jets of severe TR (B) and PR (E) appear laminar by color
Doppler. Dense, triangular-shaped CW Doppler profiles across the
tricuspid valve during systole (C) and across the pulmonary valve

during diastole (F) are consistent with severe regurgitation. There is RA
and RV enlargement (G) due to chronic volume overload as well as
inferior vena cava dilatation due to RA pressure elevation (H). PW
Doppler at the hepatic vein shows characteristic systolic flow reversal
of severe TR (I)
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Fig. 17.6 Pulmonary valve bioprosthesis obstruction. The leaflets of
the pulmonary valve bioprosthesis appear thickened with a possible
echodensity representing pannus or thrombus on the ventricular aspect of
the anterior leaflet seen during diastole (A). During systole, the leaflets
appear restricted while in the open position (B). Color Doppler shows
prominent flow acceleration across the bioprosthesis during systole
suggesting significant obstruction (C). There is only mild prosthetic

regurgitation during diastole by color Doppler (D) and CW Doppler (E).
CW Doppler shows a mean gradient of 35 mmHg consistent with
moderate–severe stenosis (E). After anticoagulation and valvuloplasty,
the previously seen echodensity is no longer visualized (F), the leaflets
appear slightly less restricted (G), the flow acceleration is less prominent
(H), the degree of prosthetic regurgitation is unchanged (I), and the mean
gradient has decreased to 18 mmHg (J) suggesting less obstruction

Fig. 17.7 Metastatic carcinoid tumor infiltrating the RV anterior free wall is visualized by transthoracic echocardiography (RV inflow view) (A),
cardiac CT (B), cardiac MRI (C), transesophageal echocardiography (transgastric view) (D), and after surgical excision (EE)
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17.9.2 Case 4

Case summary. This is a rare case of a patient with a
metastatic carcinoid tumor infiltrating the RV wall with no
valve involvement.

55-year-old man with a history of metastatic carcinoid
disease presented with constant chest tightness and dyspnea.
Cardiac imaging revealed a large circular homogeneous
mass originating from the base of the RV anterior free wall
with no valve involvement (Fig. 17.7, videos 17.31–17.34).
He underwent cardiac surgery to excise the mass, which
revealed a 3.5 � 4.5 cm tumor in the RV free wall sur-
rounded by a thin layer of muscle and fat. Pathology con-
firmed metastatic carcinoid tumor. He survived another
9 years with no further cardiac issues.
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18Cardiac Amyloidosis

Katherine Lee Chuy, Saurabh Malhotra, and Jennifer E. Liu

18.1 Introduction

Amyloidosis, from the Latin word amylum meaning starch,
refers to nonspecific conditions in which proteins misfold and
form starch-like insoluble fibrils with subsequent extracellu-
lar tissue deposition. There are over 30 amyloidogenic pro-
teins identified that cause various diseases depending on the
precursor protein that misfolds [1, 2]. The two most common
systemic forms are light chain (AL) and transthyretin (ATTR)
amyloidosis which are named according to its precursor
protein. Although both types of amyloidosis share similar
ultrastructure features and frequently involve the heart, each
has its unique pathophysiology, clinical presentation, organ
involvement, treatment strategies, and prognosis (Table 18.1).
Cardiac involvement is the leading cause of morbidity and
mortality. Early diagnosis is a key determinant of prognosis
but often elusive and delayed due to the multisystemic pre-
sentations that are mistaken for more commonly occurring
conditions. Education and awareness of both patients and
physicians are essential as many patients have severe cardiac
dysfunction at diagnosis due to advanced amyloid deposition
and die within 6–12 months of presentation. Development of
new treatment holds promise to transform outcome. In this
chapter, cases are presented with accompanying imaging

studies to illustrate the spectrum of clinical presentation,
diagnosis, and management of cardiac amyloidosis and
highlight the challenges encountered in clinical practice.

18.2 Pathophysiology

18.2.1 AL Amyloidosis

AL amyloidosis is a plasma cell dyscrasia where the amy-
loidogenic precursor protein comes from monoclonal im-
munoglobulin light chains produced in excess by clonal
plasma cells in the bone marrow or by other B cell dys-
crasias. Although the misfolded light chains form amyloid
fibrils which can deposit in essentially any organ, the heart
is involved in more than 50% of cases. Other sites involved
include the kidneys, liver, GI tract, tongue, and peripheral or
autonomic nervous system. Multiorgan involvement is
common. The incidence of amyloidosis has remained stable
with an estimated 4000-4500 cases annually in the United
States but the prevalence has increased over the past decade
with at least 12,000 adults in the US living with AL amy-
loidosis due to earlier detection and improved survival [3].
Amyloid deposits lead to organ dysfunction by disruption of
the tissue architecture or direct cellular toxicity from amy-
loid fibrils.

18.2.2 TTR Amyloidosis

In TTR amyloidosis, the amyloid protein is transthyretin
which is produced in the liver. TTR normally transfers thy-
roxine and retinol in the blood. It circulates predominantly as a
tetramer but destabilizes into monomers which are prone to
misfold and aggregate into amyloid fibrils in the disease state.
There are two subtypes of TTR amyloidosis: wild-type TTR
and variant TTR. In wild-type TTR, also known as senile
systemic amyloidosis, the transthyretin protein is structurally
normal but gradually deposits due to the aging process
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primarily in the heart and occasionally in the soft tissues of the
wrist causing carpal tunnel syndrome. Wild-type TTR is
underdiagnosed and increasingly recognized as a cause of
heart failure with preserved ejection fraction (HFpEF).
Hereditary TTR is caused by more than 100 delineated
mutations in the TTR gene, leading to structurally abnormal or
variant transthyretin. The mutations are inherited in an auto-
somal dominant fashion andmanifestwith varying geographic
distribution and phenotypic expression. In the US, the most
commonly encountered mutation is the V122I (substitution of
valine for isoleucine at position 122), which is present in 3–
3.5% of individuals of African descent and significantly
associated with heart failure [4].

18.3 Clinical Manifestation

Cardiac amyloidosis, regardless of the subtype, presents as
an infiltrative cardiomyopathy with restrictive physiology
due to the amyloid deposition in the myocardium. Heart
failure is often the first manifestation with predominant
right-sided symptoms. Patients can have angina with normal
coronaries due to amyloid infiltration of intramyocardial and
micro-vessels. Syncope can often be exertional due to a low
and fixed cardiac output, which may be an ominous sign
associated with poor prognosis. Patients will often develop
orthostatic hypotension related to autonomic dysfunction.
Conduction abnormalities causing bradyarrhythmia, partic-
ularly heart block, are common, which may also potentially
cause syncope or presyncope. Atrial fibrillation (AF) as well
as ventricular arrhythmia and sudden cardiac death are
common in patients with advanced disease. In addition to the

cardiac manifestation, other systemic illnesses are common
in patients with AL amyloidosis due to multiorgan
involvement. Multiorgan involvement is rare in patients with
wild-type TTR with the exception of carpal tunnel syn-
drome. Neuropathy and cardiac involvement are common in
mutant TTR depending on the nature of the mutation.

18.4 Diagnosis and Management

Cardiac amyloidosis is often first suspected on echocardio-
graphy in a patient being evaluated for heart failure symp-
toms. Distinctive echocardiographic features include
nondilated ventricles with concentric left ventricular
(LV) thickening, often labeled incorrectly as “hypertrophy”
as the pathological process is infiltrative and not myocyte
hypertrophy. The low-voltage ECG, reported to be present in
47% of patients with AL amyloidosis and biopsy-proven
cardiac involvement, is likely due to the amyloid fibrils
insulating the myocytes from transmitting the voltage to the
ECG. Low voltage on ECG is less common in the TTR
subtypes. A disconnection between “LV hypertrophy
(LVH)” on echo and normal/low voltage on ECG is a strong
clue to the diagnosis in the right clinical context. Right
ventricular wall thickening, thickened valves, and atrial
septal thickening are also commonly seen on echo. The
amyloid deposition increases echogenicity of the myo-
cardium giving rise to a “granular or sparkling” appearance.
The LVEF is usually preserved until late in the disease
process. Patients can have a spectrum of diastolic dysfunc-
tion from Grade I diastolic dysfunction with normal filling
pressures initially to restrictive physiology with progression

Table 18.1 Summary of
amyloid subtype classification

Amyloid
subtype

Acquired
or
hereditary

Precursor
protein

Usual
decade at
onset

Organs
involved

Treatment Prognosis

AL Acquired Monoclonal
light chains

50+ Any tissue
except for
the brain;
heart
involved
in >50%
cases

Chemotherapy
targeting the plasma
cells

Poor in the
setting of
advanced
heart disease;
median
survival
11 months

Familial
TTR

Hereditary Mutant TTR 20–70+ ;
depending
on the
specific
mutation

Peripheral
and
autonomic
neuropathy;
heart

Agents targeting
hepatic synthesis of
TTR, stabilize the
tetramer or degrade
the fibrils; liver
transplantation

Average
survival of 7–
12 years after
diagnosis

Senile Acquired Wild-type
TTR

70+ Heart,
carpal
tunnel

Same as familiar
TTR except for liver
transplant

Average
survival of
4 years after
diagnosis

AL light chain; TTR transthyretin
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of myocardial infiltration. Global longitudinal strain
(GLS) is often reduced, out of proportion to EF, with a
characteristic apical sparing pattern where longitudinal strain
is worse at the base and mid/ventricular regions compared to
the apex. GLS can play a significant role in the diagnosis by
differentiating cardiac amyloidosis from other causes of
thickened myocardial walls [5].

Cardiac magnetic resonance imaging (MRI) can provide
incremental value in the diagnostic evaluation when amyloid
is suspected [6]. In addition to showing detailed information
on cardiac structure and function, it can provide myocardial
tissue characterization and help differentiate amyloidosis
from other causes of thickened myocardium. Due to the
interstitial expansion and fibrosis from amyloid deposition,
late gadolinium enhancement (LGE) is commonly observed
as well as abnormal myocardial extracellular volume quan-
tification and myocardial nulling time. The pattern of LGE
can be variable from diffuse to patchy, subendocardial to
transmural, not specific enough to make the diagnosis for
amyloidosis. Though it provides diagnostic utility, a nega-
tive MRI study does not exclude the presence of amyloid.
When wall thickening and LGE are present in MRI, these
findings must always be integrated with other clinical fea-
tures in the evaluation with consideration of other forms of
cardiomyopathy that may share similar phenotype, such as
hypertrophic cardiomyopathy [7].

Echocardiography or MRI imaging cannot distinguish AL
from TTR cardiac amyloidosis. Biopsy evidence of amyloid
deposits with accurate fibril typing is essential for proper
diagnosis and treatment. Amyloid fibrils bind Congo red
stain, yielding the pathognomonic apple-green birefringence
under polarized light microscopy which remains the gold
standard for identifying amyloid deposits. After Congo red
confirms the amyloid deposits, it is essential to use mass
spectroscopy for typing the amyloid as AL versus TTR.

Technetium pyrophosphate (99mTc-PYP) scanning is an
isotope-based technique commonly used for bone scanning
which can detect TTR as a diffuse pattern of uptake in the
heart of patients with transthyretin cardiac amyloid. This
method has excellent diagnostic accuracy in the right clinical
context. If cardiac amyloidosis is suspected based on clinical
findings and suggestive echo/ECG, and screening for AL
amyloidosis with serum and urine immunofixation and
serum-free light chain assay is negative, the specificity and
positive predictive value for cardiac TTR amyloidosis with
grade 2 or 3 cardiac uptake (cardiac uptake equal to or
greater than rib uptake) on the PYP scan have been reported
to be 100%, allowing one to make an expedited diagnosis
without the need for tissue biopsy [8]. The need to make an
expedited diagnosis has become increasingly relevant given
the emergence of effective treatment.

18.5 Management

Therapy for cardiac amyloidosis is twofold: supportive care
for cardiac-related symptoms and treatment of the underly-
ing disease targeting the amyloid precursor protein. Diuretics
are the mainstay for heart failure therapy. Midodrine or
fludrocortisone is used to treat orthostatic hypotension. Beta
blockers are safe to use but may not be well tolerated in this
population. While amiodarone has also been shown to be
safe to use, it has not shown any survival benefit. AF is often
poorly tolerated given the underlying cardiac impairment,
requiring electrical cardioversion and/or amiodarone for
rhythm control. Anticoagulation is strongly indicated in the
setting of AF regardless of the CHADS Vasc score given the
high risk of intracardiac thrombi associated with cardiac
amyloidosis [9]. Calcium channel blockers can bind to the
amyloid fibrils and may have significant negative ionotropic
and bradycardic effect leading to heart failure and hemody-
namic instability. Digoxin can also bind to the amyloid
fibrils and should be avoided due to increased risk of digoxin
toxicity. Permanent pacemaker (PPM) implantation is com-
mon for symptomatic bradycardia. The benefit of automatic
implantable cardioverter defibrillators (AICDs) for primary
prevention in patients is unproved and whether appropriate
AICD therapy translates into overall survival benefit remains
unclear [10]. At the current time, the indications for PPMs
and AICDs in patients with cardiac amyloidosis are based on
the general clinical guidelines.

The major aim in the treatment of AL amyloidosis is to
target the plasma cells that are generating the abnormal
precursor protein. First line therapy is high-dose melphalan
therapy followed by stem cell transplant. However, given the
potential high transplant-related mortality, its usage is lim-
ited to a selected group of patients with adequate cardiac,
pulmonary, and renal function. Other agents such as pro-
teasome inhibitors and immunomodulating agents have also
been shown to be effective in controlling the light chain
levels. There are also direct amyloid targeting antibodies
under investigation. A host of therapies and therapeutic drug
classes has emerged for the treatment of TTR amyloid tar-
geting different stages in the amyloidogenic TTR produc-
tion. Agents in development or approved for clinical use
include silencers to suppress TTR synthesis in the liver,
stabilizers to bind to the TTR tetramer and inhibit its dis-
sociation into monomers, and degraders to remove or resorb
the deposited amyloid fibrils. Tafamidis, a transthyretin
kinetic stabilizer, was recently granted FDA fast track status
after positive results of the Phase 3 trial showing a decrease
in overall mortality and 30-month hospitalization in patients
with TTR cardiomyopathy treated with tafamidis compared
to placebo [11]. Liver transplantation can be considered in
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young patients with TTR amyloidosis with primary neuro-
pathic phenotype. In addition, a recent study showed that
cardiac transplant outcome was similar in carefully selected
patients with cardiac amyloidosis compared with patients
who underwent transplantation for other heart failure causes
[12].

18.6 Prognosis

Prognosis is determined by the extent of cardiac involve-
ment. Circulating amyloidogenic light chain level is also a
major determinant of prognosis in AL amyloidosis. TTR is a
more indolent disease and generally has a better prognosis
than AL amyloidosis. Serum cardiac biomarkers troponin
and NT-proBNP are sensitive markers of cardiac involve-
ment and strongly prognostic in AL amyloidosis.
A well-validated prognostic staging system based on
biomarkers was developed by the Mayo Clinic for use in
patients with newly diagnosed AL amyloidosis. The utility
of this staging system was later improved with the addition
of light chain levels [13]. Global longitudinal strain is also
an independent robust predictor of survival that provides
incremental prognostic value to the Mayo Staging system
[14]. Prognosis for AL amyloidosis has markedly improved
over the years due to advances in chemotherapeutic options
that control light chains though outcome for patients with
advanced cardiac disease at diagnosis has remained poor
with survival often less than 1 year. Improved survival is
associated with cardiac response to treatment defined by
reduction in NT-proBNP which is more likely to occur in
patients who achieved complete hematologic response [15].

18.7 Case 1

Key points:

• Diagnosis of cardiac AL amyloidosis is often delayed due
to its relative rarity and confusing multisystemic
presentation.
– One-third of patients are diagnosed more than 1 year

after onset of symptoms and after visits to multiple
specialists.

• Mismatch of “LVH” on echo and low/normal voltage on
ECG should be a major clue for cardiac amyloidosis in
the right clinical context.

• Tissue diagnosis of amyloid deposition with amyloid
subtyping is mandatory. Abdominal fat pad is commonly
attempted to minimize biopsy-associated risk with
reported sensitivities as high as 84% in AL amyloidosis.

If negative, proceeding to biopsy the clinically involved
organ may be necessary.

A 54-year-old woman with a history of carpal tunnel
syndrome developed cough and dyspnea on exertion (DOE).
Extensive workup for cough included referrals to allergy, GI,
and ENT with no definite etiology found and no improve-
ment on treatment for allergies or esophageal reflux. Her
symptoms continued to progress over the next 12 months
with DOE after one block and dizziness with exertion. She
then experienced two episodes of exertional syncope and
was admitted to the hospital. An EKG done showed
first-degree AV block with low voltages (Fig. 18.1). Physi-
cal exam was notable for orthostatic hypotension and con-
gestive heart failure. 2D transthoracic echocardiogram
(TTE) revealed concentric LVH (Figs. 18.2, 18.3 and 18.4,
Videos 18.1 and 18.2) with preserved EF. Cardiac
catheterization showed no evidence of obstructive CAD.
Labs were notable for elevated BNP 923 and nondetectable
troponin. Upon consultation with a heart failure specialist, a
cardiac MRI was performed which showed delayed
gadolinium enhancement suggestive of cardiac amyloidosis
(Fig. 18.5). Subsequent hematologic workup including
serum and urine electrophoresis and immunofixation, and
serum-free light chain assay revealed lambda light chain
plasma cell dyscrasia. Fat pad biopsy, however, was nega-
tive. Finally, she underwent endomyocardial biopsy, which
was positive for amyloid deposition with AL subtype on
mass spectroscopy. The diagnosis of AL amyloidosis with
cardiac and nervous system involvement was finally made
12–16 months after onset of symptoms.

18.8 Case 2

Key Points:

• Defining the cause of LV wall thickening can be very
challenging given the overlap in the clinical phenotype
among the different etiologies.

• When non-invasive findings are inconsistent in support-
ing a diagnosis, additional testing should be performed to
confirm, including tissue biopsy. In the case below, the
absence of high voltage on ECG, which is unusual given
the significant LV hypertrophy on echo and MRI, should
raise suspicion for alternative diagnosis other than
hypertrophic cardiomyopathy.

• It is essential to consider mimics of hypertrophic car-
diomyopathy such as cardiac amyloidosis or Fabry dis-
ease before committing patients to major treatment
decisions.
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Fig. 18.2 a Parasternal long-axis view. Interventricular septum thickness measured 1.8 cm. Calculated LV mass = 164 gm/m2 consistent with
concentric “left ventricular hypertrophy.” b Apical four-chamber view. Left atrium is dilated (LA volume = 38 ml/m2). Thickening of right
ventricular wall

Fig. 18.1 ECG shows normal sinus rhythm with first-degree AV block; poor R wave progression, and low voltage

Fig. 18.3 a Pulsed wave Doppler of the mitral inflow: mitral E/A ratio = 1.2, deceleration time 160 ms. b Tissue Doppler of the mitral annulus
4.1 cm/sec. E/E’ = 20 consistent with high LV filling pressure
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• Systolic anterior motion of the mitral valve is a non-
specific finding that can be seen commonly in other
conditions besides hypertrophic cardiomyopathy.

A 53-year-old man presented with three episodes of
syncope while playing basketball. He had no past medical
history and was feeling well until 3 months prior when he
started noticing dyspnea on exertion. He saw his primary
care physician. An ECG done showed nonspecific T wave
abnormality consistent with possible ischemia (Fig. 18.6).
He went to see a cardiologist and underwent cardiac

evaluation including a cardiac catheterization showing
nonobstructive coronary artery disease; TTE (Figs. 18.7 and
18.8, Videos 18.3 and 18.4) showing asymmetric septal
hypertrophy (ASH), normal ejection fraction (EF), no sys-
tolic anterior motion (SAM), abnormal diastolic function,
and mildly reduced global longitudinal strain (Figs. 18.9 and
18.10); cardiac MRI showing ASH and LGE in midmy-
ocardial distribution affecting most of the septum and the
apical tip of the ventricle consistent with interstitial fibrosis
in a pattern suggestive of hypertrophic cardiomyopathy
(Fig. 18.11). His labs were notable for troponin I of
0.03 ng/mL and BNP of 169 pg/ml. The patient then
underwent upright bicycle stress echo which showed SAM
with a peak outflow tract gradient of 44 mm Hg at peak
exercise (Figs. 18.12 and 18.13, Video 18.5). Given these
findings, he was diagnosed with hypertrophic obstructive
cardiomyopathy and underwent myomectomy (Fig. 18.14,
Video 18.6). Unfortunately, the pathology of the resected
myocardium showed AL amyloid deposition. Follow-up
hematological workup confirmed the diagnosis of lambda
light chain plasma cell dyscrasia.

18.9 Case 3

Key points:

• TTR amyloid cardiomyopathy may go undiagnosed for
years as it mimics hypertrophic heart disease often

Fig. 18.4 Global longitudinal strain of −10.5% with the bull’s eye
showing apical sparing pattern

TI 320 TI 280 TI 240 TI 200 TI 160

a

b

Fig. 18.5 a Cardiac MRI
showing diffuse late gadolinium
enhancement involving all the LV
wall. b Myocardium nulling at a
much lower inversion time
(200 ms) where both myocardium
and blood pool are nulling
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Fig. 18.6 ECG showing sinus rhythm with repolarization abnormality consistent with anterolateral ischemia

Fig. 18.7 a Parasternal long-axis view showing asymmetric septal hypertrophy with IVS = 1.6 cm; LVIDd 5.0 cm; PW 1.2 cm; LV mass 139
gm/2. No evidence of systolic anterior motion of the mitral valve. b Color Doppler shows no evidence of turbulent flow across the outflow trace
and no mitral regurgitation. IVS = interventricular septal thickness; LVIDd = left ventricular internal dimension in diastole; PW = posterior wall

Fig. 18.8 a Apical four-chamber view. b Apical two-chamber view. c Apical three-chamber view. LV EF = 65%; left atrial volume = 41 ml/m2
consistent with mildly dilated left atrium. No systolic motion noted. LVEF = left ventricular ejection fraction. See Video 18.4
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attributed to other more prevalent pathologies such as
hypertension, diabetes, and obesity.

• Although HFpEF is considered the classic phenotype
associated with TTR-related amyloidosis, a substantial
portion of patients will present with HF with reduced
ejection fraction (HFrEF) at the time of diagnosis if
advanced disease is present [16].

• The diagnosis of TTR cardiac amyloidosis can be made
non-invasively with nuclear imaging in the absence of a
plasma cell or B cell dyscrasia, i.e., no monoclonal
gammopathy and normal serum-free light chain ratio.

• Further classification of TTR cardiac amyloidosis as wild
type or variant is important as management includes
education, counseling, and genetic testing of family
members in cases of variant or hereditary disease.Fig. 18.10 Longitudinal strain bull’s eye plot showing a nonspecific

pattern. Global strain value of −15.8 which is mildly reduced

Fig. 18.11 Cardiac MRI showing asymmetric septal hypertrophy with late gadolinium in midmyocardial distribution affecting the septum and the
apical tip. a Four-chamber view of the left ventricle. b short axis of the left ventricle

Fig. 18.9 a Pulsed wave Doppler of the mitral valve. Mitral E/A ratio 0.83. b Tissue Doppler E’ = 6 cm/sec mitral E/e’ 8.5; lateral E/e’ = 6.8.
Abnormal relaxation with normal LV filling pressure
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Fig. 18.14 See video 6.
Post-myomectomy a Parasternal
long-axis view. b Apical
four-chamber view. Pathology of
the resected myocardium: AL
amyloid deposition

Fig. 18.13 Doppler of left ventricular outflow tract showing a peak instantaneous gradient of 44 mm Hg

Fig. 18.12 Bicycle stress echocardiogram. A. Apical three chamber view showing the presence of systolic anterior motion at peak exercise.
B. Color Doppler shows evidence of turbulent flow across the LV outflow tract
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• Anticoagulation is indicated for patients with cardiac
amyloidosis and AF due to increased thromboembolic
risk regardless of CHADSVasc score.

A 76-year-old Haitian man with hypertension and heart
failure with reduced ejection fraction, and a history of sev-
eral hospitalizations for heart failure for the past 6 years,
presented with decompensated heart failure. Prior workup
ruled out hemodynamically significant coronary artery dis-
ease. He had chronically elevated levels of cardiac troponins
and natriuretic peptides. ECG showed normal sinus rhythm
with first-degree AV block and right bundle branch block
(Fig. 18.15). Echocardiogram showed severe concentric left
ventricular (LV) hypertrophy and increased ventricular mass
with diffuse hypokinesis and an ejection fraction of 15–20%,
elevated LV filling pressures, right ventricular dilation and

hypertrophy, and a small-to-moderate pericardial effusion.
Strain echocardiogram showed decreased global longitudinal
strain of −1.6% with a relative apical sparing pattern
(Figs. 18.16 and 18.17, Video 18.7). Given suspicion for
cardiac amyloidosis, cardiac magnetic resonance was per-
formed which showed biventricular hypertrophy and dys-
function, elevated native T1 relaxation time, and diffuse
delayed gadolinium enhancement involving both atria,
ventricles, and the interatrial septum—findings consistent
with cardiac amyloidosis (Fig. 18.18). Serum and urine
electrophoresis and light chains showed no monoclonal
gammopathy and normal free light chain levels and ratio.
Technetium-99 m pyrophosphate (PYP) scintigraphy
showed marked radiotracer uptake in the myocardium
strongly suggestive of transthyretin (TTR) cardiac amyloi-
dosis, with a semiquantitative or visual grade of 3 and a

Fig. 18.16 2D transthoracic echocardiogram. Parasternal long-axis
view at a end diastole and b end systole showing severe concentric left
ventricular hypertrophy, increased ventricular mass, and a free-flowing

circumferential small-to-moderate-sized pericardial effusion (arrows).
Interventricular septal thickness 1.7 cm, posterior wall thickness
1.8 cm. Left ventricular ejection fraction 15–20%

Fig. 18.15 ECG showing sinus rhythm with first-degree AV block, occasional premature supraventricular complexes, right bundle branch block
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heart-to-contralateral lung (H/CL) ratio of 1.6 at 1 h after
radiotracer injection (Fig. 18.19). Genetic testing revealed
the presence of the V142I mutation. He was diagnosed with
hereditary TTR cardiac amyloidosis years after initial heart
failure hospitalization.

The patient’s disease course was notable for new-onset
AF requiring anticoagulation, autonomic neuropathy with
orthostatic hypotension requiring discontinuation of
guideline-directed medical treatment (GDMT) for heart
failure, and gastroparesis requiring prokinetics. He was
started on doxycycline, tauroursodeoxycholic acid
(TUDCA), and tafamidis. Genetic testing was offered to his
brother who tested negative for any pathologic mutations.

18.10 Case 4

Key points:

• Multiple combinations of forms of monoclonal gam-
mopathy (such as monoclonal gammopathy of undeter-
mined significance, smoldering or asymptomatic multiple

Fig. 18.17 Strain echocardiogram showing decreased global longitu-
dinal strain (-1.6%) with a relative apical sparing pattern

a b

Fig. 18.18 Cardiac magnetic resonance. a Four-chamber view showing diffuse biatrial, biventricular, and interatrial septum late gadolinium
enhancement on phase-sensitive inversion recovery sequence (arrowheads indicate myocardial enhancement which appears brighter when
compared to blood). b Precontrast modified Look-Locker imaging (MOLLI) sequence acquired in short-axis orientation at mid-left ventricular
cavity. Image depicts elevated native myocardial T1 at 1141 ms, which is abnormally elevated and is seen in patients with amyloidosis. Images
acquired on Canon Vantage Titan/Zen Edition 1.5 T MR system
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myeloma, and multiple myeloma) and cardiac amyloi-
dosis can exist within a patient [17]. Proper identification
of cardiac amyloidosis subtype, whether AL versus
ATTR, is important due to prognostic and treatment
implications.
– Differentiation of AL from ATTR is critical due to the

rapidly progressive course in AL.
– A misdiagnosis of AL can lead to unnecessary

chemotherapy or light chain-suppressive therapy with
associated treatment-related adverse effects, and
potentially missing a hereditary disease.

• Biopsy is necessary in patients with cardiac amyloidosis
and monoclonal gammopathy for accurate diagnosis.
– In cases of negative or equivocal results from less

invasive organ biopsies (e.g., abdominal fat pad, rec-
tal, bone marrow), biopsy of an involved organ such as
the heart to optimize sensitivity should be pursued.

• Patient’s decisions should be respected in cases of biopsy
deferral or refusal. In these cases, the value of close
follow-up and clues from overall clinical picture includ-
ing disease course should not be discounted.

An 81-year-old African American female with a history
of heart failure with preserved EF, persistent AF, stable stage
3 chronic kidney disease, diabetes mellitus, and mild

cognitive impairment was referred to cardiology clinic for
recurrent heart failure hospitalizations over the past year.
Blood pressure was in the low-normal range (100–110/50–
60 mmHg) and she remained in rate-controlled AF off any
AV nodal blockers. ECG showed rate-controlled AF with
low-voltage QRS complexes (Fig. 18.20). Echocardiogram
with strain imaging showed moderate concentric left ven-
tricular hypertrophy and mild diffuse hypokinesis with an
ejection fraction of 40–45%, biatrial dilation, RV dilation
and dysfunction, severe tricuspid regurgitation, and
decreased GLS of −12% with a relative apical sparing pat-
tern (Fig. 18.21). Cardiac magnetic resonance showed dif-
fuse biventricular and biatrial late gadolinium enhancement,
highly suggestive of cardiac amyloidosis (Fig. 18.22).
Technetium-99 m pyrophosphate (PYP) scintigraphy was
strongly suggestive of transthyretin (TTR) cardiac amyloi-
dosis, with a semiquantitative or visual grade of 3 and H/CL
ratio of 1.4 at 1 h after radiotracer injection (Fig. 18.23).
Hematological testing demonstrated an IgA-kappa mono-
clonal gammopathy (serum IgA 644 mg/dL, serum kappa
FLC 26.1 mg/L) with an elevated serum-free light chain
(FLC) ratio of 4.18 (normal 0.26–1.65). A bone marrow
biopsy was subsequently performed, which showed 20%
plasma cells without any amyloid deposition. However, the
diagnosis of light chain amyloidosis (AL) could still not be

b

a

SA

VLA

HLA

Fig. 18.19 a Technetium-99 m pyrophosphate (Tc-99 m PYP) scintigraphy at 1 h after radiotracer injection showing myocardial PYP uptake,
with a semiquantitative or visual grade of 3 and heart-to-contralateral lung (H/CL) ratio of 1.6. b SPECT confirms myocardial radiotracer uptake.
SA, short axis; VLA, vertical long axis; HLA, horizontal long axis
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Fig. 18.21: 2D transthoracic echocardiogram a parasternal long axis and b apical four-chamber views in end diastole showing concentric
moderate left ventricular hypertrophy, right ventricular dilation, and biatrial dilation. c Strain echocardiogram showing decreased left ventricular
global longitudinal strain (−12.0%) with a relative apical sparing pattern

Fig. 18.22 Cardiac magnetic
resonance four-chamber view,
showing diffuse biatrial and
biventricular myocardial late
gadolinium enhancement on
phase-sensitive inversion
recovery sequence (arrowheads
indicate myocardial enhancement
which appears brighter when
compared to blood). Image
acquired on Canon Vantage
Titan/Zen Edition 1.5 T MR
system

Fig. 18.20 ECG, rate-controlled atrial fibrillation with low-voltage QRS complexes
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definitively excluded without biopsy of an involved organ—
in this case an endomyocardial biopsy (EMB). After dis-
cussion with the patient, family, and primary hematologist
regarding procedural risks of EMB and treatment-related
adverse effects of chemotherapy in the likelihood of diag-
nosis of AL, EMB was deferred. From the hematological
standpoint, she was diagnosed as smoldering or asymp-
tomatic multiple myeloma.

Follow-up showed stable levels of serum FLC, unex-
pected in the course of untreated AL. Genetic testing
revealed the presence of the V122Ile variant allele. She
required de-escalation of medications for heart failure due to
hypotension, and intensification of diuretic regimen. The
patient was ultimately diagnosed as hereditary TTR cardiac
amyloidosis with concomitant smoldering multiple mye-
loma. She was started on doxycycline, tauroursodeoxycholic
acid (TUDCA), and tafamidis for disease-specific TTR
cardiac amyloidosis therapy.

18.11 Case 5

Key points:

• Pseudosevere aortic stenosis can be seen in patient with
TTR amyloidosis due to decreased stroke volume, par-
ticularly in those with reduced EF [18].

• Recognition of TTR amyloidosis prior to aortic valve
replacement is crucial for appropriate management.

• Cardiac CT angiography with aortic valve calcium scor-
ing is valuable in assessing severity of aortic stenosis in
patients with conflicting parameters on echocardiogram.

• Accumulation of immunoglobulin-free light chains in the
absence of a hematologic disorder can be seen in patients
with chronic kidney disease.

An 82-year-old man was evaluated for a history of
recurrent heart failure hospitalizations, paroxysmal atrial
fibrillation with resting bradycardia, and stable stage 3
non-proteinuric chronic kidney disease. Vital signs showed
blood pressures in the low-normal range and heart rate of 54
beats per minute. ECG showed sinus rhythm with
first-degree AV block and low-voltage QRS complexes in
limb lead (Fig. 18.24). Echocardiogram showed moderate
left ventricular hypertrophy with severe diffuse hypokinesis,
ejection fraction of 25–30%, and decreased global longitu-
dinal strain of −8.3% with a relative apical sparing pattern
(Fig. 18.25, Video 18.8). He also had mildly thickened
aortic valve leaflets with reduced leaflet separation and
low-flow low-gradient severe aortic stenosis with a peak
velocity of 2.4 m/s, peak gradient of 23 mmHg, dimen-
sionless index of 0.22, aortic valve area (continuity equation)
of 0.7 cm2, and indexed valve area of 0.35 cm2/m2

(Fig. 18.26, Video 18.9). Cardiac computed tomography

a
b

SA

VLA

HLA

Fig. 18.23 a Technetium-99 m pyrophosphate (Tc-99 m PYP) scintigraphy 1 h after radiotracer injection showing marked radiotracer uptake
with a semiquantitative grade of 3 and a heart-to-contralateral lung (H/CL) ratio of 1.4. b SPECT images confirm myocardial PYP uptake. SA,
short axis; VLA, vertical long axis; HLA, horizontal long axis
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(CT) for assessment of aortic stenosis severity showed aortic
valve calcium score of 1645 Agatston units (cutoff for severe
AS in men: 2065 Agatston units) and aortic valve area (by
planimetry) of 1.54 cm2, consistent with mild-to-moderate
aortic stenosis (Fig. 18.27). Evaluation of cardiac amyloi-
dosis was pursued. Hematologic evaluation showed no
monoclonal gammopathy and nonspecific elevations of
serum-free light chains with a normal kappa/lambda ratio.
Technetium-99 m pyrophosphate (PYP) scintigraphy
showed a semiquantitative or a visual grade of 3 and H/CL
of 1.6, which were confirmative for transthyretin
(TTR) cardiac amyloidosis (Fig. 18.28). Genetic testing was
negative for any pathologic mutations. This diagnosis of
wild-type TTR cardiac amyloidosis was made almost
2 years after initial heart failure hospitalization. His disease
course was characterized by intolerance to standard heart
failure therapies and discontinuation of beta blocker and

ACE inhibitor. He was started on doxycycline, taurour-
sodeoxycholic acid (TUDCA), and tafamidis.

18.12 Case 6

Key points:

• Cardiac ischemia can occur despite normal coronaries due
to amyloid infiltration of the intramyocardial or
micro-vessels, perhaps accounting for this patient’s EKG
changes.

• Complete hematologic response and changes in
NT-proBNP with treatment are strongly correlated with
better survival.

• Patients who achieved hematologic response are more
likely to have cardiac response [15].

GLS -8.3%

1.7c
m

1.9c
m

A: End diastole B: End systole C: Peak systolic strain

Fig. 18.25: 2D transthoracic echocardiogram with strain. Parasternal
long-axis view at a end diastole and b end systole showing severe
concentric left ventricular hypertrophy and increased ventricular mass.
Interventricular septal thickness 1.7 cm, posterior wall thickness

1.9 cm. Left ventricular ejection fraction 25–30%. C) Speckle tracking
strain imaging showing decreased global longitudinal strain (-8.3%)
with a relative apical sparing pattern

Fig. 18.24 ECG showing sinus rhythm, first-degree AV block, and low-voltage limb lead QRS complexes
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This is a 58-year-old woman with history of AL amy-
loidosis with neurologic, renal, and cardiac involvement.
One and a half years prior to her diagnosis, she started to

experience pain in her shoulders, lower neck, and legs as
well as paresthesia in the hands and feet, and dyspnea on
exertion. She was referred for a rheumatologic workup
which showed elevated ESR and was presumed to have
polymyalgia rheumatica. She was started on prednisone with
some relief. She then developed congestive heart failure and
was admitted to the hospital. Her ECG showed ST and T
wave changes suggestive of anterolateral ischemia
(Fig. 18.29). 2D echocardiogram revealed concentric LV
hypertrophy with LVEF of 33% and GLS of 6.1%
(Fig. 18.30, Video 18.10). Her serum cardiac biomarkers
were elevated (troponin I = 0.79 ng/ml; NT-proBNP
3312 pg/ml). She underwent cardiac catheterization which
showed normal coronary arteries though LV filling pressure
was elevated with a LV end diastolic pressure of 25 mm Hg.
She was started on Lasix with symptomatic improvement.
For the management of her AL amyloidosis, bortezomib and
dexamethasone were started followed by high-dose mel-
phalan therapy with stem cell transplant. She responded well
and achieved hematologic complete remission. She remained
in complete remission 2 years post treatment with significant
improvement in functional capacity to NYHA Class I.
Follow-up echo showed improvement in LVEF to 50% and
GLS to −14.1% (Fig. 18.31, Video 18.11). The NT-proBNP
was significantly lower at 513 pg/ml.

Vmax = 2.4 m/s
Peak gradient = 23 mmHg

a b

Vmax = 0.5 m/s
Peak gradient = 0.95 mmHg

Fig. 18.26 a Continuous wave Doppler through aortic valve and b pulse wave Doppler through the left ventricular outflow tract showing a peak
velocity of 2.4 m/s, peak gradient of 23 mmHg through the aortic valve. Dimensionless index is 0.22. The aortic valve area calculated by
continuity equation is 0.7 cm2 (indexed to body surface area 0.35 cm2/m2). Measurements consistent with low-flow low-gradient severe aortic
stenosis. Vmax, maximum velocity

Fig. 18.27 Cardiac computed tomography angiography at the level of
the aortic valve in systole showing a planimetered aortic valve area of
1.54 cm2. The corresponding aortic valve calcium score was 1645
Agatston units
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Fig. 18.28 a Technetium-99 m pyrophosphate (PYP) scintigraphy 1 h after radiotracer injection showing myocardial PYP uptake with a
semiquantitative or visual grade of 3 and heart-to-contralateral lung (H/CL) ratio of 1.6. b PYP SPECT confirming myocardial radiotracer uptake.
SA, short axis; VLA, vertical long axis; HLA, horizontal long axis

Fig. 18.29 ECG shows sinus rhythm with poor R wave progression; ST and T wave abnormality consistent with anterolateral ischemia

18 Cardiac Amyloidosis 169



Fig. 18.30 Echo at the time of CHF presentation shows LVEF of 33% with a GLS of −6.1%

Fig. 18.31 Echo after control of light chains showing an increase in LVEF to 50% and GLS to −14.1%
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19Stress-Induced Cardiomyopathy

Richard M. Steingart

Key Points

• Takotsubo syndrome is conveniently defined by the
Mayo clinic criteria [1].

• Takotsubo syndrome prognosis is worse in patients with
cancer than without cancer.

• Deep T-wave inversions are characteristic.
• Apical ballooning with left ventricular dysfunction out of

proportion to troponin elevation is also characteristic.
• Ventricular function typically improves over days to

weeks.
• Coronary artery disease should be excluded in every case.
• Non-ischemic cardiomyopathy should be considered in

every case.

19.1 Introduction

The diagnosis and management of ventricular dysfunction
is central to the practice of cardio-oncology. There is a high
prevalence of hypertensive, ischemic, and valvular heart
diseases in cancer patients. Superimposed on this disease
background, cancer patients are exposed to cardiotoxic
medical treatments, major surgeries, infections, profound
emotional stressors, disorders of clotting and bleeding,
autoimmune assaults, hormonal disruptions, and paraneo-
plastic syndromes all of which can contribute to ventricular
dysfunction. Physician-scientists and clinicians strive to
compartmentalize ventricular dysfunction into distinct cate-
gories as an aid in the understanding of the disease. But the

practice of cardio-oncology does not often afford such a
luxury in that most clinical presentations involving ventric-
ular dysfunction have multifactorial determinants. That said,
exploring the entity of stress cardiomyopathy provides a
good conceptual framework for the examination of acute
ventricular dysfunction in cancer patients.

Stress-induced cardiomyopathy or the Takotsubo syn-
drome as defined by the Mayo clinic criteria [1]:

1. Transient akinesis or dyskinesis of the left ventricular
apical and mid-ventricular segments with regional wall
motion abnormalities extending beyond a single epicar-
dial vascular distribution.

2. Absence of obstructive coronary artery disease (CAD) or
angiographic evidence of acute plaque rupture.

3. New electrocardiographic abnormalities (ST-segment
elevation or T-wave inversion).

4. Absence of
a. Recent significant head trauma.
b. Intracranial bleeding.
c. Pheochromocytoma.
d. Obstructive epicardial CAD.
e. Myocarditis.
f. Hypertrophic cardiomyopathy.

Stress cardiomyopathy is a common occurrence among
cancer patients, but as will be illustrated by the cases pre-
sented in this chapter, the pathophysiology of left ventricular
dysfunction in cancer patients is far from clear-cut. Joy et al.
describe an analysis of the National Inpatient Survey
(NIS) taken between 2007 and 2013. The NIS is a stratified
sample of 20% of United States hospitals. The hospital
mortality for Takotsubo syndrome patients with cancer was
13.8% compared with 2.9% in those without cancer [2].
Risks for mortality included solid cancer, stroke, and heart
failure. In a report of the International Takotsubo Registry,
malignancy was present in 16.6% of patients with the syn-
drome, and not surprisingly, cancer patients with Takotsubo
syndrome had a highly adverse long-term prognosis
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compared to Takotsubo patients without malignancy in
whom the prognosis is generally favorable. In cancer
patients, physical factors were common triggers, whereas
emotional stressors were common Takotsubo precipitants in
those without cancer [3].

The pathophysiology of the Takotsubo syndrome is
controversial [4]. Angelini argues that the entity results from
coronary spasm and the only reliable test for Takotsubo
syndrome is to reproduce coronary spasm and left ventric-
ular dysfunction with intracoronary acetylcholine infusion,
which is rarely if ever employed in clinical practice [4].
Further, the heightened spasticity that can be provoked by
acetylcholine testing around the time of Takotsubo presen-
tation appears to be a transient phenomenon that disappears
between 1 and 10 days after the onset of the syndrome [4].
Angelini acknowledges that the excess catecholamine
myocyte toxicity theory currently holds sway over coronary
spasticity as the mechanism behind the Takotsubo syn-
drome. Microvascular dysfunction may also play a role.
These mechanisms can be activated by various stressors,
which include emotional or psychological stress, infection,
surgery, medications, and exacerbation of chronic diseases.
Certain cancer drugs have been implicated in triggering this
Takotsubo cardiomyopathy (e.g., 5FU) [5]. A genetic pre-
disposition for Takotsubo syndrome has also been postu-
lated given the preponderance of familial cases [4].

Hypotension, tachycardia, anemia, prothrombic states,
cytokine excess, surgical stresses, emotional stress, elec-
trolyte disturbances, large and small vessel coronary disease,
altered vessel reactivity, catecholamine excess, drug toxici-
ties, preexisting myocardial scarring, and/or valvular disease
commonly coexist in cancer patients. These circumstances
are vastly different from the Takotsubo syndrome originally
described in emotionally stressed middle-aged women who
were presumed to have otherwise “normal” hearts [6]. This
complexity in the cancer patient is what makes the cases
from our Memorial Sloan Kettering experience in this Atlas
so interesting and important.

19.2 Case 1. Rapid Resolution of Takotsubo
Left Ventricular Dysfunction
in the Setting of Metastatic Cancer
and Sepsis

A 35-year-old woman with HIV, metastatic pancreatic cancer
presenting with sepsis, shock treated with vasopressors
underwent echocardiography which demonstrated the classic
features of the Takotsubo syndrome (Fig. 19.1, Video 19.1).
Just 2 weeks later after treatment of sepsis, extubation, and
discontinuation of vasopressors, the echocardiogram was
normal. (Fig. 19.1, Video 19.1) This rapid resolution of left
ventricular dysfunction is characteristic of the classically

described Takotsubo syndrome. This patient received
low-dose diuretics, beta-blockers, and ace inhibitors with
dosing limited by low blood pressure. There is some evidence
that ACE inhibitors or angiotensin receptor blockers may
potentiate ventricular recovery and prevent recurrence [7].
Interestingly, there is no compelling evidence that
beta-blockers are helpful in this regard. In the unusual cir-
cumstance where Takotsubo syndrome is associated with
outflow tract obstruction and hypotension due to hyperdy-
namic motion at the base of the heart, beta-blockers can be
useful in select cases by relieving the outflow obstruction [7].

19.3 Case 2. Takotsubo Left Ventricular
Dysfunction Late After Adriamycin
Therapy for Breast Cancer with Atypical
Features and a Prolonged Course
to Recovery

A 55-year-old woman underwent neoadjuvant
doxorubicin-based chemotherapy for breast cancer in 2007,
ejection fraction (EF) by MUGA was 62% at the start of
therapy. Shortly thereafter she was admitted to a local hos-
pital with pneumonia and tachycardia EF 55%. After
recovery from this episode, she underwent bilateral mas-
tectomy and radiation therapy. She was admitted again some
six months later with RUQ pain, nausea, and vomiting.
Cardiology consulted, echocardiogram reported as normal
with EF 55%. A day or two after that echocardiogram, EF by
MUGA scan was 20%. Transferred to MSKCC where repeat
EF by echo was 20%. Cardiac monitoring showed sinus
rhythm with runs of SVT. CT pulmonary angiogram nega-
tive for pulmonary embolism but splenic and kidney infarcts
were present. She was started on anticoagulation, low-dose
ace inhibitor, and carvedilol. Nuclear stress test was negative
for ischemia, with a dilated ventricle consistent with car-
diomyopathy. Carvedilol and lisinopril up titrated to full
dosing. Over the course of 1.5–2 years, the EF rose into the
normal range confirmed by echocardiographic and MUGA
studies. The course of her disease is shown in Fig. 19.2 and
Video 19.2.

In the echocardiogram acquired at the time of the
patient’s presentation with acute shortness of breath, there is
a suggestion of mild apical ballooning with relatively pre-
served motion at the base of the heart but the images are not
classic for the “apical ballooning” syndrome. Speaking in
favor of a Takotsubo-like syndrome, there was evidence that
ventricular function was normal the day before the abnormal
study was done, and myocardial infarction was ruled out.
Speaking against a Takotsubo like syndrome was the slow
recovery of ventricular function over more than a year.
Classically, Takotstubo recovery is rapid as shown in Video
19.1. One can speculate that the etiology of the ventricular
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Fig. 19.1 Top panel, End diastolic (ED) and end systolic (ES) frames
from echocardiogram recorded while patient on pressor support in the
ICU, intubated. Up facing arrow in ES frame illustrates characteristic
apical ballooning. Down facing arrow shows a neck at the base of the
ventricle caused by hyperdynamic wall motion in this zone. Ejection
fraction (EF) 30%. In some patients, this hyperdynamic motion at the

base of the heart is associated with hemodynamically significant
outflow tract obstruction. Bottom panel, Two weeks later after
treatment of sepsis, discontinuation of vasopressors with the patient
extubated, wall motion is normal and the EF has risen to 65%. The
patient had started treatment with low dose ACE inhibitors and beta
blockers

Fig. 19.2 ED and ES images at presentation with heart failure, and then at approximately one and two years after the index event which was
consistent with the Takotsubo syndrome
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dysfunction observed in this patient was multifactorial with
elements of prior Adriamycin exposure, infection, and
“stress” all playing a role.

To ensure that obstructive CAD was not contributing to
left ventricular dysfunction, the patient underwent CT
coronary angiography which revealed normal coronary
arteries (Fig. 19.3).

As part of her continued follow up on guideline-directed
medical therapy, a cardiac MRI was performed years
later demonstrating an EF of 49% at the lower limit of
normal with qualitative mild diffuse hypokinesis. There was
no evidence for scarring by gadolinium scanning. MRI
during the acute phase of the Takotsubo syndrome can show
myocardial edema in a pattern not consistent with an acute
coronary syndrome which can be helpful when CAD is in
the differential. Cardiac MRI is probably the gold standard
for EF determination, particularly if echocardiographic
images are substandard and MRI can be helpful in searching
for cardiac thrombi. Myocardial properties demonstrated by
MRI can also aid in the differential diagnosis of myocardial

inflammation or infiltration when used in the proper clinical
context (Video 19.3) [7].

The patient remains asymptomatic with excellent exercise
tolerance to the current day maintained on ACE inhibitors,
beta-blockers, and aspirin. Ventricular function remains within
the normal range by continued echocardiographic surveillance.

19.4 Case 3. Takotsubo Leading
to Alterations in Chemotherapeutic
Regimen. Cancer Control is Associated
with Improvement in Ventricular
Function

An 81-year-old woman with B cell lymphoma, past history
of hypertension, hyperlipidemia, and interstitial lung disease
presents with progressive dyspnea, weight loss with
aggressive lung lesions. Echocardiogram EF is 40%. EKG
evolving T-wave changes and prolonged QT interval. Tor-
sades has been described uncommonly during the acute

CT CORONARY ANGIOGRAM 2009

LAD ACRFCL

Fig. 19.3 CT coronary angiogram revealing no significant obstructive coronary artery disease. The possibility of coronary artery disease should
be entertained in every cancer patient that presents with ventricular dysfunction
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phase of Takotsubo syndrome. Chest X-ray demonstrates
masses and infiltrates consistent with extensive tumor
involvement in the lungs (Fig. 19.4).

She was treated with RCDOP (rituximab, cyclophos-
phamide, pegylated liposomal doxorubicin, vincristine, and
prednisone) � 2 cycles with clinical improvement. RCDOP
was chosen over RCHOP (rituximab, cyclophosphamide,
doxorubicin, vincristine, and prednisone) to avoid doxoru-
bicin in the face of cardiomyopathy. Aside from one dose of
intravenous furosemide, no cardiovascular medications were
administered. With this treatment, her breathlessness
improved and repeat imaging 2 to 3 weeks later showed
improvement in the EKG T-wave abnormalities and dra-
matic improvement in cardiac function on echo (EF = 64%)
and pulmonary disease on chest X-ray. The chemotherapy
regimen was changed to RCHOP (Fig. 19.5, Video 19.4).

19.5 Case 4. Takotsubo Syndrome
with Apical Thrombus

An 80-year-old man has laryngeal cancer and stage IVB
diffuse large cell lymphoma involving the GI tract. After the
fourth cycle of R-CHOP, he is hospitalized with watery
diarrhea, abdominal cramping, and hypotension. Empirically
treated with antibiotics but cultures negative. Admis-
sion EKG showed low voltage, serial EKGs showed Q
waves and ST elevation. Troponin is minimally elevated.
Echocardiogram with Takotsubo pattern, apical thrombus,
and EF 35%, confirmed by MRI (Fig. 19.6, Video 19.5).

Full-dose anticoagulation was started. The patient’s blood
pressure was too low to tolerate guideline-directed medical
therapy. Essentially after rest, rehydration, and anticoagu-
lation, the apical thrombus resolved and echocardiographic

Fig. 19.4 Still frame ED and ES images from echocardiogram on
presentation. EF 40%. Arrows demonstrate apical ballooning and a
neck at the base from relatively preserved motion, both characteristic of
Takotsubo syndrome. The EKG on presentation shows T inversion and

prolonged QTc and the chest x-ray demonstrates masses and infiltrates
consistent with extensive tumor involvement in the lungs with airway
obstruction. The elevated right hemidiaphragm is a chronic finding
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wall motion normalized over a period of weeks, EF 65%. In
a registry of Takotsubo syndrome, apical thrombi were rare.
Only an elevated troponin was predictive of its presence. All
patients were treated with anticoagulation with resolution
[8].

19.6 Case 5. Acute Coronary Syndrome
Versus Takotsubo Syndrome
in a Cancer Patient

A 69-year-old man with hypertension, obesity was noted to
be diaphoretic, hypoxic, and hypotensive on day two post
10-hour anterior–posterior resection for recurrent colorectal
cancer. Presenting EKG revealed marked ST-segment
depression in lateral leads, troponin 1.5. Echocardiogram
with EF 31% interpreted as diffuse hypokinesis with relative
sparing of the base, differential diagnosis Takotsubo versus

acute coronary syndrome (Fig. 19.7). Marked ST-segment
depression on the EKG is not characteristic of Takotsubo,
but ventricular dysfunction out of proportion to the troponin
rise is (Video 19.6).

Cardiac catheterization showed proximal multivessel
CAD that was treated with multivessel coronary stenting.
One month after stenting, the echocardiographic EF was
43% (not shown), and 6 months later, the EF was 58% with
a small residual regional wall motion abnormality in the
apical aspect of the septum (Video 19.6). This delayed
recovery of ventricular function is consistent with acute
coronary syndrome rather than Takotsubo syndrome where
recovery is often seen in days following the event. The
workup of the Takotsubo syndrome must always exclude the
presence of CAD. The extent of testing required to accom-
plish this of course depends on the nature of the clinical
presentation.

Fig. 19.5 Still frame ED and ES images from the echocardiogram
after treatment with RCDOP which resulted in marked improvement in
the patient’s respiratory distress. EF = 64%. Chest X-ray shows

significant improvement in the pulmonary masses/infiltrates, and the
EKG shows improvement in the T-wave abnormalities
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19.7 Case 6. Unexplained EKG Changes Prior
to Melanoma Surgery

A 68-year-old woman with no past cardiovascular history
was referred for resection of melanoma from under a toenail.
While waiting for surgery, her son was struck by a car and
hospitalized in a coma with traumatic brain injury. He was
reported as missing for more than a week and the family was
unaware of his whereabouts. The patient went to see her
Internist with complaints of extreme anxiety and insomnia.
EKG showed mild nonspecific ST-segment changes and an
echocardiogram was reported to be normal. Comparison
EKGs were not available. She was treated with anxiolytics
and then referred to our cardiology clinic weeks later for
pre-melanoma surgery assessment because of the abnormal
EKG. She had no chest pain or SOB, only anxiety and
insomnia (Fig. 19.8).

The EKG on presentation for presurgical testing revealed
T-wave abnormalities and minimal ST-segment depression.
Two days later during preoperative cardiology consultation,
the EKG had evolved to show deep T-wave inversions
(Fig. 19.8). A resting echocardiogram at that time showed
possible apical hypokinesis, not definitive so a stress echo

was performed. That more conclusively demonstrated a
small region of apical dyskinesis (Video 19.7). No other
abnormalities were noted. The coronary calcium score was
0. A presumed diagnosis of Takotsubo cardiomyopathy was
made and the melanoma surgery was delayed for about a
month to allow for recovery from the probable stress related
insult. Treatment was begun with low-dose ACE inhibitors.
PET scanning revealed increased uptake only in the involved
toe. That is, there was no evidence for metastatic disease.

In that interval waiting for surgery, the COVID-19 pan-
demic was accelerating in NYC and her toe surgery was
delayed by a total of 2.5 months. She experienced cough and
fever in that interval but tested negative for COVID. Her
husband developed severe COVID-related pneumonia and
the patient did not undergo follow-up COVID testing. Fol-
lowing recovery from the cough, her exercise tolerance
remained excellent. Her follow-up EKG did not show the
expected resolution of the ST-T changes so a cardiac MRI
was ordered (Fig. 19.9, Video 19.8). The cardiac MRI
revealed apical thickening and otherwise normal wall
motion. There was no late gadolinium enhancement. The
working diagnosis was reconsidered from Takotsubo car-
diomyopathy to a variant of apical hypertrophic cardiomy-
opathy previously undetected. The EKG changes first noted

Fig. 19.6 Admission EKG showed low voltage, and minimal ST
elevation. Over days, EKG evolved to show deep T-wave inversions.
Troponin I was minimally elevated and down trending. ED and ES
images from the echocardiogram soon after admission EF 35%. The
arrows point to a likely mass adherent to the septal aspect of the apex;

the apex balloons with systole. MRI confirms the presence of the mass
(arrow) with tissue characteristics of thrombus. Further tissue charac-
terization showed no scarring to the ballooning apex effectively
excluding coronary disease as the mechanism behind these findings
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Fig. 19.7 Top panel EKG and echocardiogram two days after major
cancer surgery when patient was found to be diaphoretic and
hypotensive. EKG shows marked ST segment depression, resting
echocardiogram shows large apical regional wall motion abnormality
with better motion at the base producing a waist as indicated by the

arrow. EF 31%. Bottom panel, EKG 3 months later showing resolution
of ST depression but some loss of R wave in the precordial leads.
Resting echocardiogram at that time reveals recovery of the EF to 65%
with perhaps a small residual regional wall motion abnormality in the
apical septum

Fig. 19.8 EKG done during presurgical visit showing T-wave
abnormality. EKG two days later during preoperative cardiology
consultation shows marked T-wave inversions. Classic EKG changes
of Takotsubo can evolve over days after the precipitating event. Rest

echocardiogram suggests the possibility of an apical wall motion
abnormality, seen to be more obvious in the ES image immediately post
stress
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around the time of her emotionally traumatic life events could
have been related to the stress, and or the underlying car-
diomyopathy. The persistence of the EKG changes is better
explained by the hypertrophic cardiomyopathy. She under-
went surgical removal of the toe melanoma without incident.
Cardiology follow-up with serial imaging is planned.

19.8 Case 7. Recurrent Stress-Related
Ventricular Dysfunction

A 61–year-old woman with metastatic ovarian cancer with
paraneoplastic syndrome polymyositis being treated with
taxol and intermittent steroids presents with acute respiratory
failure in the setting of pneumonia and septic shock. EKG
showed sinus tachycardia and echocardiogram showed
hyperdynamic left ventricular function (Fig. 19.10, Video
19.9). She received treatment for infection and after a 10-day
hospital course was discharged to a rehabilitation facility.
One day after discharge, she was re-hospitalized with
hypotension and was intubated for worsening dyspnea in the
setting of recurrent aspiration pneumonia. She briefly
required pressor support. EKG showed sinus tachycardia
with T-wave inversion and, on echocardiogram, the EF had

fallen to 27% with relative sparing of the basal segments.
Troponin I was mildly elevated and trended down
(Fig. 19.10, Video 19.9).

Upon improvement of respiratory status and increase in
blood pressure, ACE inhibitors, and beta-blockers were
slowly uptitrated. Repeat testing showed an increase in EF to
35% and undetectable troponin. On continued medical ther-
apy 1 year later, the echocardiogram was essentially normal
with an EF of 58%. Cardiac medications were discontinued
and the patient was considered NYHA clinical class I.
Ongoing chemotherapy included carboplatin, paclitaxel, and
liposomal doxorubicin. She then developed nausea and
vomiting due to bowel obstruction. She underwent extensive
bowel resection with a diverting loop colostomy. Three days
post operation, she developed an SVT responsive to IV
beta-blockers. Echocardiogram showed diffuse LV dysfunc-
tion, motion perhaps preserved at the base with an EF of
25%. Troponin rose to over 2.0 and EKG again showed
T-wave inversion. The patient was discharged home on
low-dose carvedilol and lisinopril (Fig. 19.10, Video 19.9).

In the general population, the recurrence rate for the
Takotsubo syndrome has been reported at 4%, [9] but in our
experience in cancer patients, multiple bouts of reversible
left ventricular dysfunction are not uncommonly seen

Fig. 19.9 Some three months after presentation EKG changes persist and MRI late gadolinium images demonstrating increased apical wall
thickness and no hyperenhancement that would suggest scarring. Arrows point to apical thickening
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depending on the course of cancer and its treatments. Again,
this case is somewhat atypical because of the slow recovery
of ventricular function following the initial bout of left
ventricular dysfunction.

19.9 Case 8. Takotsubo Syndrome,
Pulmonary Embolism, Coronavirus
Infection

A 57-year-old woman former smoker, obese, hypertensive
with metastatic lung adenocarcinoma to the brain, spine, and
pleura was treated with osimertinib. Course complicated by
cardiac arrest due to a hemothorax, then a second cardiac
arrest precipitated by a pulmonary embolism. Complications
include acute renal failure, bilateral deep vein thrombosis,
and cerebral infarction. Inferior vena cava filter placed and
she received multiple transfusions. After resuscitation from
cardiac arrest, echocardiogram and EKG were done consis-
tent with Takotsubo syndrome, both markedly different from
a baseline study done 1 month earlier (Fig. 19.11, Video
19.10).

Over the course of a week, left ventricular function
recovered. However, 1 week after that, she developed
recurrent respiratory failure from a massive PE, source upper
extremity, and subclavian deep vein thrombosis. The

pulmonary embolism was treated with thrombolytic therapy.
EKG showed sinus tachycardia and right bundle branch
block. Echocardiogram showed an enlarged right ventricle
but preserved left ventricular function. (Fig. 19.11, Video
19.10) Current treatment includes osimertinib, full dose
anticoagulation, lisinopril, and hydrochlorothiazide. This
patient’s course illustrates how variable an individual’s
cardiac response can be to various stressors.

19.10 Case 9. Takotsubo and Incidental
Coronary Artery Disease?

A 76-year-old woman with hypertension was receiving
neoadjuvant chemotherapy with gemcitabine and cisplatin
prior to planned surgery for muscle-invasive bladder cancer.
Before she could have the surgery, she was admitted to the
hospital with very severe pelvic pain and a urinary tract
infection. MRI done for the extent of disease evaluation
showed no metastases but did reveal a subacute cerebellar
infarct. Echocardiogram to search for the source of the
infarction showed left ventricular dysfunction, an EF of
41%, and wall motion abnormalities consistent with the
Takotsubo syndrome. A ventricular thrombus was not
visualized. A cardiac MRI may have been better suited for
the discovery of ventricular thrombi in this case. The EKG

Fig. 19.10 Serial EKGs and echocardiograms showing sinus tachy-
cardia and normal ventricular function at presentation then dynamic
EKG changes accompanying left ventricular dysfunction, followed by
slow recovery of ventricular function toward baseline (1 to 2 months

and 1 year later), then recurrent ventricular dysfunction (1.5 years
later) in a woman with ovarian cancer being treated with chemotherapy
and surgery for cancer and its many complications
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showed evolving deep T-wave inversions. Troponins were
minimally elevated. The ventricular dysfunction observed on
echocardiogram was out of proportion to the degree of tro-
ponin elevation as is common in the Takotsubo syndrome
(Fig. 19.12, Video 19.11).

Throughout, the patient had no cardiovascular symptoms.
CT coronary angiogram showed a 50–70% proximal LAD
stenosis and pharmacologic nuclear perfusion stress test
revealed a large fixed apical defect with minimal
reversibility. The relative contributions of stress cardiomy-
opathy versus obstructive coronary artery disease to the
presentation were debated and a decision was made to treat
the patient medically with beta-blockers, ASA, and statins.
Repeat echocardiogram 2 weeks after admission showed an
improvement of the EF to 51% with only a small residual
apical regional wall motion abnormality.

The planned surgery was postponed for 1.5 months at
which time she underwent a total cystectomy, lymph node
dissection, and ileal conduit. There were no cardiovascular

complications. At follow-up 6 months later, the patient was
NYHA clinical class I with a normal echocardiogram, EF
64%. Carvedilol was discontinued and her blood pressure
was controlled with amlodipine. Taken together, the pre-
sentation suggests that coronary disease was not a significant
factor in the presentation, and the severe fixed apical defect
on perfusion imaging represented a marked blood flow
reduction to the ballooning myocardial segment rather than
scarring, a conclusion supported by the minimal troponin
elevation. One and one half years later, she succumbed to
metastatic bladder cancer with no further cardiovascular or
cerebrovascular events.

19.11 Conclusions

Ventricular dysfunction in the cancer patient is common,
with contributions from the Takotsubo syndrome, ischemic
heart disease, sepsis, immune insults, drug toxicity, and

Fig. 19.11 Serial EKGs and end diastolic (ED) and end systolic
(ES) frames from echocardiograms done during four timepoints. These
are technically limited studies due to extreme clinical circumstances at
the time of echo acquisition. First panel to the left shows EKG and
echocardiogram at time of initial presentation. EKG is essentially
normal. Echocardiogram at ED shows flattening of the septum and a
suggestion of right ventricular enlargement. The yellow arrow points to
a pericardial mass, presumed to be lung adenocarcinoma. The end
systolic image indicates that left ventricular systolic function is normal,
right ventricular function not well seen. After cardiac arrests, EKG

shows T-wave inversion. Left ventricle is dilated and globular with
reduced ejection fraction, motion relatively preserved at the base giving
a Takotsubo like appearance. Then there is near normalization of the
EKG and left ventricular function, just one week after the cardiac
arrest. Two weeks post arrest the EKG shows sinus tachycardia with
RBBB in the face of a massive pulmonary embolus. Of interest, the
echocardiogram shows preservation of left ventricular systolic function
and a dilated, perhaps hypokinetic right ventricle, better seen in Video
19.10
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more. Nowhere in the practice of cardiology is the thoughtful
application of high-quality imaging more important. Serial
imaging is of particular value.
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20Arterial Thrombosis and Marantic
Endocarditis

Carol L. Chen

20.1 Introduction

In 1865, Armand Trousseau was the first to systemically
describe the connection between thrombosis and cancer
through autopsy studies [1]. The risk of venous throm-
boembolism (VTE) in cancer is far better described in
comparison to arterial thrombosis in cancer patients. How-
ever, with increased cancer survival and novel vascular
targeted cancer therapies, arterial thromboembolic events
(ATE) have been increasingly reported. Using a
SEER-Medicare dataset of over 270,000 newly diagnosed
cancer patients, Navi et al. observed an ATE incidence of
4.7% within the first 6 months after cancer diagnosis. ATE
marked those with worse prognosis with a three-fold
increase in mortality and a high risk for the recurrent
thromboembolic event (37%) at 6 months. Patients with
metastatic disease had a ten-fold increase in the likelihood of
developing ATE within the first month of cancer diagnosis
[2]. ATE may precede a malignancy diagnosis and has been
observed to be the first sign of cancer. Various solid tumor
types, more commonly mucinous adenocarcinoma, as well
as leukemias, such as acute promyelocytic leukemia are
associated with increased ATE risk. An individual’s ATE
risk is a combination of personal risk factors, cancer char-
acteristics, and vascular toxicity of therapy (Fig. 20.1).

Trousseau noted that thromboses often occurred in limbs
distant from the site of visceral tumors and wondered about
the connection between cancer and this phenomenon. He
hypothesized that cancer and other diseases caused changes
in the behavior and composition of blood, an “excess of

fibrin, and an increase of white globules” resulting in a
hypercoagulable state [1]. Over the past 150 years, much
has been elucidated about why cancer patients are prone to
thrombosis. Tumor cells promote clot formation through
many pathways. Platelets are stimulated to aggregate by
circulating tumor cells. Macrophages are activated by
malignant cells to release tumor necrosis factor (TNF),
interleukin-1(IL1), and interleukin-6 (IL6) which promote
the coagulation cascade. Damaged endothelial cells attract
platelet deposition and activate tissue factor. Tissue factor is
a potent activator of the coagulation cascade. Tumor cells
themselves contain procoagulants such as cysteine proteases
and tissue factor which also directly activate coagulation
factors [3]. Disseminated intravascular coagulation (DIC) is
frequently seen in cancer patients, especially in acute
promyelocytic leukemia (APML) as well as end-stage can-
cer. It is marked by diffuse systemic microvascular and
large-vessel thrombosis which then leads to consumption of
coagulation factors and hemorrhage. Individual risk factors
which result in endothelial cell dysfunction such as
atherosclerotic disease and diabetes are also important to
consider in overall arterial thrombosis risk.

The addition of cancer therapies which have vascular
activity into this milieu further exacerbates the hypercoag-
ulable state. Cisplatin causes acute vascular toxicity result-
ing in vasospasm and thromboembolic events, both venous
and arterial [4]. Endothelial cell dysfunction due to cisplatin
toxicity also results in acceleration of atherosclerosis leading
to increased risk of myocardial infarction in subsequent
decades [5]. Many targeted cancer therapies affect angio-
genesis by disrupting various vascular signaling pathways.
Vascular endothelial growth factor (VEGF) is involved in
multiple pathways which contribute to the homeostasis of
endothelial cell function and platelet activation. ATE,
including myocardial infarctions and ischemic strokes, has
been well described with VEGF inhibitors. Disruption of
VEGF signaling also promotes plaque vulnerability, thus
accelerating underlying atherosclerosis. Patients with high
atherosclerotic risk should be screened and medically
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optimized prior to starting therapy. Even within a class of
drug therapy, there are different risks of ATE. Within the
tyrosine kinase inhibitor class for the treatment of chronic
myelogenous leukemia (CML), only newer generation
drugs, nilotinib, and ponatinib, have been strongly associ-
ated with profound peripheral arterial disease, but not earlier
drugs. In many cases, CML is now a chronic disease. The
result is that many patients will be on therapy for more than
a decade. Patients with underlying peripheral arterial disease
have markedly increased risk, so screening and surveillance
with ankle-brachial index are highly recommended [6]. As
the list continues to grow, clinicians must stay knowledge-
able about the possible ATE risk with new therapies.

Nonbacterial thrombotic endocarditis (NBTE) is another
mechanism of ATE frequently seen in cancer patients.
Unlike infectious endocarditis vegetations, almost 50% of
NBTE are associated with systemic arterial emboli [7]. An
autopsy study suggests an incidence of NBTE of 4% in
end-stage cancer patients [8] while an echo study demon-
strated that 19% of patients with disseminated adenocarci-
noma had NBTE [9]. NBTE reflects the underlying
hypercoagulable state. Vegetations consist of platelet, fibrin,
and inflammatory cells superficially attached to valve

leaflets, most commonly aortic and mitral, at points of tur-
bulence. Although NBTE vegetations do not generally cause
the destruction of valve leaflets, fibrosis and scarring can
result in significant valve dysfunction. Treatment of under-
lying disease, as well as anticoagulation with heparin or low
molecular weight heparin, is recommended to mitigate high
thromboembolism risk. Vitamin K antagonist therapy has
resulted in recurrent thromboembolism in cancer patients
and is not used for NBTE treatment [10]. Surgery, usually
valve sparing, is reserved for select patients who have a good
prognosis and high risk of systemic embolization.

Recognition of ATE risk and manifestations has become
vital for clinicians as older patients with increased
atherosclerotic risk are being treated and more vascular toxic
therapies are developed. Unlike VTE prophylaxis in cancer
patients, the benefit of antiplatelet and anticoagulation pro-
phylaxis for ATE during cancer treatment has not been
proven. The spectrum of patient presentations ranges from
asymptomatic to critically ill with neurologic defects,
ischemic limbs, and myocardial infarction. Rapid recogni-
tion and diagnosis are critical for best outcomes, and
appropriate treatment with anticoagulation may decrease the
risk of recurrent events.

Type: Mucin secre�ng 
adenocarcinomas 
(Pancreas, lung, gastric, 
colon, ovarian)
Timing: Within 1st month 
and end stage
Stage: Advanced stage 

Alkyla�ng agent
Cispla�n

VEGF Signaling Pathway (VSP) inhibitors
Bevacizumab 
Ramicurimab
Aflibercept
Suni�nib
Sorafenib
Lenva�nib

Proteasome inhibitors
Carfilzomib

Tyrosine kinase inhibitor (BCR-ABL)
Nilo�nib
Pona�nib

Individual Cancer Therapy

Atherosclerosis
Diabetes
Hypertension
Inherited thrombophilia
Rheumatologic disease

Fig. 20.1 A cancer patient’s overall arterial thromboembolic risk is due to complex combination of individual risk factors, cancer characteristics,
and toxicity of therapy
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20.2 Case 1: Bevacizumab Therapy Causes
Spontaneous Aortic Thrombus

• ATE may be asymptomatic and incidentally diagnosed on
imaging.

• Prompt anticoagulation may be important to decrease the
risk of further ATE.

A 56-year-old man with metastatic colon cancer with
progressive disease began systemic bevacizumab in addition
to 5 fluoruracil-based therapy. Three months later, repeat
scans were performed to investigate disease response.
Hepatic metastases were unchanged, however, a new con-
trast defect was noted in the aortic arch just distal to the
subclavian artery origin (Fig. 20.2a–c). The patient had no
stigmata of peripheral arterial embolism. Bevacizumab, a
monoclonal antibody against VEGF molecular, has a high
incidence of ATE [11]. Treatment was halted, and patient
was admitted for expedited work-up. A transesophageal
echocardiogram (TEE) was performed and demonstrated a
large pedunculated echogenic mass attached to the aortic
lumen with moderate mobility (Fig. 20.3, Video 20.1).
There was no intracardiac thrombus. There was no under-
lying atherosclerosis of the aorta noted on CT or TEE.
Anticoagulation with heparin infusion was started immedi-
ately. Cardiothoracic surgery was consulted regarding
management. Since the patient was asymptomatic with no
findings of distal embolism and surgical resection would
entail high risk of embolization and delay further cancer
treatment, the medical team and patient decided to proceed
with anticoagulation. There are several case reports of aortic

thrombus with bevacizumab which reported successful
treatment with anticoagulation. Patient was transitioned from
low molecular weight heparin to oral anticoagulation and
resumed chemotherapy with 5-fluorouracil alone shortly
after discharge from the hospital. A CT scan was repeated
1 month later and demonstrated a smaller mass (Fig. 20.2d–
f). The contrast defect completely resolved after 3 months of
anticoagulation therapy. The patient developed progression
of disease and was re-challenged with bevacizumab while
continuing anticoagulation therapy. The patient did not
develop any other thrombotic complications but died of
progressive disease the following year.

20.3 Case 2: Newly Diagnosed Stage IV
Pancreatic Cancer Presenting with ATE
and VTE

• ATE risk is highest the first month after diagnosis,
especially in advanced stage cancer.

• Although DIC is not a common event in cancer patients,
it is associated with shortened survival, especially if
underlying cancer cannot be treated.

A 78-year-old man who presented with severe weight loss
and loss of functional status was diagnosed with metastatic
pancreatic cancer and started palliative gemcitabine therapy.
Five days later he presented to the emergency room with
dyspnea on exertion. He was found to be hypoxic and
required high flow oxygen. It was also noted on admission
that his right lower extremity was mildly swollen with bluish

Fig. 20.2 Aortic thrombus. Contrast defect with attachment in the lumen aortic arch extending distally. a–c Initial images. d–f After 1 month of
anticoagulation therapy, contrast defect is smaller. After 3 months of anticoagulation therapy the contrast defect was no longer seen
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discoloration of forefoot and toes with decreased sensation in
his foot and a faint dorsalis pedis pulse in comparison to the
left. CT angiogram of chest, abdomen, pelvis, and lower
extremities (Figs. 20.4 and 20.5) was performed and revealed
bilateral segmental pulmonary emboli, splenic infarct, arterial
thromboses of the right femoral and peroneal artery, and
thrombosis of the right iliac vein. Doppler studies also
showed right calf, popliteal and femoral vein thrombosis. He
also had developed new unexpected thrombocytopenia with a
decline in platelet count from 177 k/mcL to 78 k/mcL since
receiving his first dose of gemcitabine. This degree of
thrombocytopenia was unexpected with gemcitabine therapy,
and he was evaluated for DIC. The abnormalities of coagu-
lation which can be seen in DIC are prolonged PT, PTT,
increased fibrin split products, decreased fibrinogen, and
thrombocytopenia. His labs showed mildly prolonged PT
18.3 s (normal 9.3–13.5 s), mildly decreased fibrinogen of
147 mg/dl (normal 190-387 mg/dl), and other DIC labs were
within normal limits. An inferior vena cava filter was placed,
and he was treated with therapeutic heparin infusion in the
intensive care unit for several days. His lower extremity exam

improved, however, he continued to require high levels of
oxygen support. Five days later, his platelet count dropped to
37 k/mcL, and he was switched temporarily to fondaparinux
while heparin-induced thrombocytopenia (HIT) was ruled
out. When HIT antibodies were found to be negative, anti-
coagulation was discontinued due to high likelihood that his
thrombocytopenia was due to progressive DIC with a high
bleeding risk. He was unable to receive further systemic
chemotherapy and transitioned to home hospice, expiring
three weeks later.

20.4 Case 3: End-Stage Cancer with Massive
Systemic Thromboses, ATE, VTE,
and NBTE

• Most common and devastating arterial thrombotic events
are cerebrovascular infarcts.

• Patients with cancer and CVA should undergo workup
for NBTE.

• If recurrent CVA, have a high suspicion for NBTE.

Fig. 20.3 Transesophageal echocardiogram demonstrates large mobile echodensity (see Video 20.1). a short axis, b long axis

a b c

Fig. 20.4 a–b Right internal iliac vein thrombus seen as a filling defect. c Wedge-shaped splenic infarct
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A 68-year-old man with metastatic prostate cancer with
extensive involvement of bone, lymph nodes, and lung
presented to the emergency room with new visual field
defects and right upper extremity numbness concerning for
ischemic stroke. On examination, he had right-hand dys-
metria, right homonymous hemianopsia, and right optic
ataxia. Magnetic resonance imaging of the brain showed
bihemispheric anterior and posterior strokes which were
suggestive of central embolic phenomenon (Fig. 20.6).
Continuous telemetry monitoring did not demonstrate atrial
fibrillation, and there was no evidence for shunt by
echocardiogram. His TEE demonstrated mitral valve vege-
tation (Fig. 20.7, Video 20.2) and no other source of
embolism. An infectious workup was negative. He was
treated for ischemic infarct and NBTE with low molecular
weight heparin at therapeutic levels. A few weeks later, he
was readmitted with new left-sided visual field defect.
Repeat head scan demonstrated new bioccipital hemorrhages
with small adjacent bleed in the left parietal lobe consistent
with hemorrhagic conversion of prior infarcts. Anticoagu-
lation was discontinued. He then suddenly became aphasic
with right arm weakness. Emergent CT and angiogram were
performed demonstrating occlusive middle cerebral artery
thrombus with new areas of acute loss of gray-white in the
left frontal and parietal lobes. He was not a candidate for
thrombolytic therapy with his known brain hemorrhage.
NBTE is frequently associated with recurrent thromboem-
bolism in cancer patients. Recurrent thromboembolic events
despite treatment with anticoagulation often herald imminent

death. Hospice support was elected by patient and his fam-
ily, and he died several days later.

20.5 Case 4: Newly Diagnosed Early-Stage
Pancreatic Cancer with NBTE
and Hereditary Thrombophilia

• Inherited thrombophilia should also be worked up when
NBTE is diagnosed in the cancer patient.

• NBTE can resolve when treated with heparin and
underlying disease is under control.

A 59-year-old patient with prior history of CAD s/p remote
CABG, peripheral vascular disease, hypertension and dia-
betes, chronic pancreatitis presented with a newly diagnosed
isolated pancreatic lesion consistent with malignancy. He
underwent TTE prior to pancreatectomy due to history of
decreased systolic function. On transthoracic echocardio-
gram images, mitral valve prolapse was noted with unusual
shaggy thickening of mitral valve leaflets suspicious for
vegetations. (Fig. 20.8, Video 20.3) A follow-up trans-
esophageal echo was performed which showed vegetations
along the coapting atrial surfaces of both mitral leaflet tips
(“kissing lesions”) with resultant mild mitral regurgitation
(Fig. 20.9, Video 20.4). An infectious etiology was not
suspected since the patient was afebrile and without leuko-
cytosis, and multiple blood cultures were negative. He was
treated for NBTE with low molecular weight heparin until he

Fig. 20.5 a–b Contrast defect in right femoral artery consistent with partial thrombosis
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Fig. 20.6 MRI diffusion-weighted imaging. Multiple areas of restricted diffusion within left parieto-occipital junction (A arrows) and additional
smaller lesions within bilateral cerebral hemispheres (B arrows)

Fig. 20.7 Mobile echo density on the atrial aspect of the anterior mitral leaflet at the closure line (arrow). See Video 20.2
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underwent total pancreatectomy. On his baseline labs, he
was also noted to have prolonged PTT of 47.5 s (normal 25–
38.5 s). He was diagnosed with antiphospholipid syndrome
when lupus anticoagulant and anticardiolipin antibodies
were markedly elevated. In a subpopulation of cancer
patients, previously undiagnosed inherited thrombophilia or
rheumatologic disease may also play a role in arterial
thrombosis. Surgical pathology showed diffuse intraductal
papillary mucinous neoplasm (IPMN) with microinvasive
colloid carcinoma, T1N0. No further cancer therapy was
indicated. After surgery, he was maintained on therapeutic
low molecular weight heparin for NBTE as per American
College of Chest Physician guidelines [10]. Warfarin treat-
ment of thrombosis in cancer patients has not been shown to
decrease recurrent thrombotic risk and is not recommended
[10]. A follow-up echo 3 months after surgery showed
marked resolution of NBTE (Fig. 20.10, Video 20.5).
Since NBTE had resolved and he had no residual cancer,

Fig. 20.8 Transthoracic echocardiogram shows thickening of mitral
leaflet tips (arrows)

Fig. 20.9 TEE shows classic NBTE “kissing lesions.” Large mobile echo densities are attached to the atrial aspect of the mitral leaflets at the
closure line (see Video 20.4)
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anticoagulation was switched to vitamin K antagonist as
treatment for antiphospholipid syndrome. A patient’s
underlying risk factors should continue to be treated during
and after cancer therapy is completed.

The occurrence of ATE almost always interrupts cancer
treatment and negatively affects outcomes. It remains
unknown if any prophylactic regimen will decrease risk and
whether there is a subgroup whose risk is too high to be
treated with vascular targeting therapies. Attention needs to
be paid to personal risk factors, such as atherosclerosis and
other diseases of endothelial cell dysfunction.
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21Pericardial Effusion, Tamponade,
and Constrictive Pericarditis

Bénédicte Lefebvre, Yu Kang, and Marielle Scherrer-Crosbie

21.1 Introduction

The normal pericardium is a bilayer fibroelastic sac: the
outer fibrous and the inner serous pericardium. The latter is
itself divided into two components; a visceral layer adjacent
to the epicardium and a more external parietal layer. In
between, a small amount of fluid (up to 25 mL) acts as a
natural lubricant [1]. When excessive fluid accumulates in
this pericardial space or when the pericardium becomes
thickened and stiffened, one of three pericardial compressive
syndromes may occur; cardiac tamponade, constrictive
pericarditis and effusive–constrictive pericarditis. Pericardi-
tis may be the first clinical manifestation of a non-diagnosed
cancer. Twelve percent of patients with no known malig-
nancy presenting with acute pericarditis with or without
pericardial effusion will subsequently be diagnosed with
cancer within 5 years. The presence of pericardial effusion
is associated with a higher overall hazard ratio for the
diagnosis of cancer than having pericarditis only (HR 3.59
vs HR 2.04) [2].

Pericardial syndrome in oncology patients may be sec-
ondary to cancer, malignancy complications, or side effects
of cancer therapy. Echocardiography, a portable, low-cost,

and non-irradiating technique is often performed as first line.
Other modalities such as computer tomography (CT) and
cardiac magnetic resonance imaging (CMR) may also be
used in the diagnosis and evaluation of pericardial syndrome.

21.2 Etiologies of Pericardial Syndrome

21.2.1 Pericarditis and Pericardial Effusions

Among patients with known cancer, the most common eti-
ology of pericardial disease is malignant involvement,
which is identified in up to 60% of effusions [3]. In the
remainder, idiopathic pericarditis is most common, while
prior radiation therapy is thought to be contributory in 10–
20%. Chemotherapy can also increase the risk of pericardial
effusion, as well as the risk of opportunistic viral or bacterial
infections.

In autopsy studies, malignant extension or involvement of
the pericardium was detected in 1–20% of cancer cases [3,
4]. Neoplastic diseases invading the pericardium directly or
via metastatic spreading through the lymphatics or blood-
stream are much more frequent than the rare occurrence of
primary pericardial tumors such as fibrosarcoma, mesothe-
lioma, and angiosarcoma. The most common neoplastic
diseases involving the pericardium are advanced lung cancer,
breast cancer, melanoma, leukemia, and lymphoma [5].

The mechanisms triggering pericardial effusions are not
limited to cancer itself. Chemotherapy-related acute peri-
carditis and pericardial effusions are occasionally observed,
with an incidence up to 1–2% following exposure to tradi-
tional chemotherapy agents such as fludarabine, cytarabine,
doxorubicin, docetaxel, and cyclophosphamide [6].
Interleukin-2 (IL-2) treatment used for renal cell carcinoma
and melanoma may lead to capillary leak syndrome and it is
estimated that between 2.5 and 5% of patients undergoing
that treatment will present with pericarditis or myocarditis
[7]. Lately, it has been recognized that tyrosine kinase
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inhibitors (such as dasatinib or imatinib) [8] and immune
checkpoint inhibitors (ICI) [9, 10] may cause acute peri-
carditis, pericardial effusion and cardiac tamponade.
Recently, a large systemic evaluation of the cases from the
WHO global database has shown that ICI-associated peri-
cardial diseases were more prevalent in men (60%) and that
mortality was as high as 21% [11]. Radiotherapy to the chest
is also well known to be related to acute pericarditis and
pericardial effusion [12].

In the oncology patient, an infectious etiology of peri-
cardial effusion is less common. However, patients who are
immunocompromised due to treatment of an underlying
malignancy may develop infectious or autoimmune pericar-
dial effusions, and the infectious effusion, especially fungal,
is associated with high mortality [13]. Moderate to large
pericardial effusion or tamponade can develop post stem cell
transplant with a reported incidence of 0.8–3.1% in the lit-
erature [14, 15]. The pathogenetic mechanism underlying the
development of this complication is thought to be due to
inflammation secondary to graft versus host disease (GVHD)
though the occurrence of the pericardial effusion may not
necessarily concur with active manifestations of GVHD. In
one study, pericardial effusion was not noted in patients
undergoing autologous stem cell transplantation [14, 15].

21.2.2 Constrictive Pericarditis

Constrictive pericarditis (CP) is a condition where a usually
thickened pericardium is non-compliant and compresses the
heart, leading to elevated and equalized intra-cardiac and
intrapericardial diastolic pressures. In oncology patients, it
may be secondary to a fibrotic pericardium following radia-
tion treatment, typically seen >20 years post-treatment.
Radiation adjacent to the heart is widely used for mediastinal
lymphoma, esophageal, breast, and lung cancer. Pericardial
disease following radiation is seen in 4–20% of patients but
can be seen in up to 50% in particular cancers and treatments
[16, 17]. Although no safe dose is recommended, the risk of
pericardial disease post-radiation increases with a higher
mean heart dose. A mean heart dose of equal to or greater
than 30 Gy and/or daily fraction dose of more than
2 Gy/day are considered high-risk for the develeopment of
radiation-induced cardiac complications [17, 18]. Nowadays,
with the use of new radiation techniques such as
prone-position radiation for breast cancer patients,
deep-inspiration, appropriate shielding, breath-hold radiation
for lung cancer patients, the increasing use of proton therapy
radiation as opposed to photon therapy, and reduction in
target volumes and radiation dose as imaging techniques are
improving, CP is rapidly diminishing in frequency. It has
been estimated that using these techniques may decrease the

incidence of pericarditis from 20 to 2.5% [17]. Constrictive
pericarditis may also be related to the presence of pericardial
effusion in the delayed acute phase of pericarditis especially
when echogenic fibrinous and frond-like coating strands are
present [19].

21.2.3 Effusive–Constrictive Pericarditis

Effusive–constrictive pericarditis (ECP) is a rare entity, may be
difficult to identify, and thus, is underdiagnosed. Radiation and
malignancy-related complications are the two most-prevalent
risk factors for the development of ECP [20, 21].

21.3 Pathophysiology of Cardiac
Tamponade, Constrictive Pericarditis,
and Effusive–Constrictive Pericarditis

Cardiac tamponade is the decompensated phase that occurs
after sudden and/or excessive effusion accumulation leading
to inappropriate filling of the cardiac chambers and increased
intrapericardial pressure. During inspiration, the intratho-
racic pressure decreases and is transmitted to the right side of
the heart, leading to an increase in venous return to the right
heart. Usually, the normal pericardium can stretch to
accommodate physiologic changes in cardiac volume.
However, in both cardiac tamponade and constrictive peri-
carditis, the cardiac volume is constrained by the intraperi-
cardial fluid (tamponade) or by the inelastic and
non-compliant pericardium (CP). As a result, there is exag-
gerated interventricular interaction with accentuated respi-
ratory changes in right and left heart filling. As the filling
occurs in the right ventricle, the interventricular septum
shifts and there is an abrupt bounce toward the left to
accommodate the increased right-sided volume. This con-
cept is termed “interventricular dependence.” Although both
entities exhibit similar hemodynamic changes, there are
important pathophysiological differences between them. In
cardiac tamponade, the primary abnormality is compression
of cardiac chambers due to an increase in the intrapericardial
pressure. Whereas in CP, the thickened, fibrotic pericardium
prevents the normal inspiratory decrease in intrathoracic
pressure to be transmitted to the cardiac chambers. During
inspiration, as the pulmonary veins are outside of the peri-
cardium, there is a decrease in the pulmonary venous pres-
sure, but not in the left ventricular pressure as the
non-compliant pericardium does not transmit the negative
intrathoracic pressure. This leads to a decrease in the
transpulmonary gradient (mean pulmonary artery pressure–
left atrial pressure) and a reduction in the filling pressure of
the left ventricle.
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Effusive–constrictive pericarditis shares similar patho-
physiological features with constrictive pericarditis though
signs of tamponade can also be present.

21.4 Imaging in Cardiac Tamponade,
Constrictive Pericarditis, and Effusive–
Constrictive Pericarditis

21.4.1 Echocardiography

Echocardiography plays a major role in the identification of
pericardial effusion, evaluation of the hemodynamic signif-
icance when cardiac tamponade is suspected, guidance of
the appropriate timing of pericardiocentesis, and identifica-
tion of constrictive pericarditis. A structured approach when
performing an echocardiogram in pericardial disease
includes two-dimensional, M-mode and Doppler echocar-
diography to assess: (1) quantity of pericardial effusion;
(2) cardiac chambers collapse; (3) motion of the interven-
tricular septum during respiration; (4) respiratory variation
of flow patterns in atrioventricular valves and ventricular
outflow tracts; (5) inferior vena cava dimension and col-
lapsibility and hepatic vein flow pattern. Additionally, mitral
septal and lateral tissue Doppler e’ velocities are helpful if
constriction or effusive–constrictive pericarditis is suspected
[22, 23]. Of note, loculated effusions are more common
when scarring has supervened, in which only selected
chambers are compressed. As a result, the typical physical,
hemodynamic and echocardiographic signs of cardiac tam-
ponade may be absent [19].

Patients suffering from CP without any underlying car-
diomyopathy typically have a normal septal mitral e’
amplitude (>8 cm/s). This can be used to differentiate
patients with other cardiomyopathies such as restrictive eti-
ology (medial mitral e’ < 8 cm/s) [24]. “Annulus reversus”
can also be seen and refers to the unusual phenomenon
where the lateral tissue doppler e’ is lower than the mitral
septal tissue doppler e’. This is thought to be secondary to
the lateral wall being tethered to the thick, fibrotic and
non-compliant pericardium [25]. Further, the left ventricular
filling pressure cannot be estimated with the mitral E/e’ ratio
as septal e’ is usually preserved or accentuated despite
increased LV filling pressure. In fact, an inverse relationship
between E/e and pulmonary capillary wedge pressure has
been shown in patients with CP. This phenomenon, termed
“annulus paradoxus,” is thought to occur based on the fact
that the more severe constriction with a higher LV filling
pressure, the more accentuated the longitudinal motion of
the medial mitral annulus is to compensate for the limited
lateral expansion of the heart [26].

It is important to note that the absence of visualization
of a calcified and echo-bright pericardium does not exclude

the diagnosis of CP. Assessment of the pericardium
thickness by transthoracic echocardiography is not accurate
or sensitive due to the lower resolution. However, studies
have shown a close correlation between the pericardial
measurement done with transesophageal echocardiography
(TEE) and computed tomography (r � 0.95, SE �
0.06 mm, p < 0.0001). On TEE, the mean normal peri-
cardial thickness was noted to be 1.2 ± 0.8 mm (±SD)
and was not exceeding 2.5 mm (95% sensitive and 86%
specific if pericardium was � 3 mm) [27]. See Table 21.1
for a summary of the different echocardiographic charac-
teristics of cardiac tamponade and constrictive pericarditis
compared to normal individuals.

Effusive–constrictive physiology is more easily diag-
nosed with invasive techniques aiming at measuring intrac-
ardiac or intrapericardial pressures during pericardiocentesis,
however, a careful echocardiographic examination can help
ascertain the diagnosis. Clues include failure of normaliza-
tion of respiratory variation inflow across the mitral or tri-
cuspid valves, continuous large plethoric IVC, or abnormal
respirophasic interventricular septum shift immediately after
pericardial drainage. Certain echocardiographic characteris-
tics found pre-pericardiocentesis may be predictive of the
development of ECP. Loculated and/or fibrinous effusion,
abnormal respiratory interventricular septum bounce,
end-diastolic reversal flow into the hepatic veins in expira-
tion, and respiratory variation of the mitral inflow velocity
were all more marked and frequent in patients who would
develop ECP post-pericardiocentesis. Mitral valve tissue
Doppler e’ was also higher in the ECP group [28].

21.4.2 Computed Tomography and Cardiac
Magnetic Resonance

Computed tomography (CT) can be useful in evaluating
pericardial thickening and visualizing calcification of the
pericardium. However, it is important to note that CT may
overestimate the amount of pericardial effusion especially
when images acquired are not gated (if acquiring in systole
vs diastole). CT can also detect extracardiac lesions, such as
pleural effusion, enlargement of lymph nodes, and medi-
astinal tumors. The attenuation value of the pericardial fluid
on CT can help differentiate the type of pericardial effusion:
typically, an attenuation value >60 Hounsfield units supports
the presence of blood; an attenuation value between 20 and
60 Hounsfield units supports the presence of an exudate, and
an attenuation value <10 Hounsfield units supports the
presence of a transudate [29].

Cardiac magnetic resonance imaging (CMR) offers
advantages over CT or echocardiography. Not only can it
provide a comprehensive evaluation of the ventricles and
their functions, characterization of masses, and infiltrative
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processes, it is also very useful in evaluating the presence of
myocardial inflammation (increased signal in T2-weighted
short tau inversion recovery sequence (STIR)), pericardial
thickening or pericardial fibrosis. Different techniques are
offered to diagnose constrictive pericarditis in addition to
visual inspection of the pericardium. CMR allows precise
measurement of the pericardial thickness. Following contrast

administration, the presence of late gadolinium enhancement
in the pericardium is a sign of fibrosis. The acquisition of
real-time free-breathing cine images allows visualization of
the interventricular septal bounce during inspiration.
Myocardial tagging (saturation of the myocardium in a
grid-like fashion) demonstrates adhesions between the
fibrotic pericardium and the myocardium.

Table 21.1 Summary of the
Echocardiographic
Characteristics of Cardiac
Tamponade and Constrictive
Pericarditis [23, 24]

Characteristics Normal heart Cardiac
tamponade

Constrictive pericarditis

Pericardium Thin pericardium with
no or physiologic
pericardial effusion

Small to large effusion,
swing of the heart within
the effusion

May see thickening,
calcification, and/or
pericardial effusion
Best seen on TEE

Atrial Size Normal Depends on the underlying
heart disease

Biatrial
enlargement

Collapse of
cardiac
chambers

None Diastolic collapse of any
cardiac chamber, usually
right-sided

None

Interventricular
septum motion
with inspiration

No brisk movement
unless bundle branch
block or
post-pericardiotomy

Ventricular septal “bounce”
toward LV during
inspiration (opposite during
expiration)

Ventricular septal
“bounce” toward LV
during inspiration
(opposite during
expiration)

M-mode
findings
mid-LV

Normal motion “Bounce” of the
interventricular septum and
decreased LV size during
inspiration

Same as tamponade and
flattening of the posterior
LV wall in late diastole

Respiration
variation of
mitral and
tricuspid inflow
E-wave

Mitral variation in
expiration of < 25%
and tricuspid variation
in inspiration of <
40%

Decreased mitral inflow,
variation of > 25% in
inspiration and increased
tricuspid variation in
inspiration of > 40%
(opposite in expiration)

Decreased mitral inflow
variation of > 25% in
inspiration and increased
tricuspid variation in
inspiration of > 40%
(opposite in expiration)

Mitral septal
and lateral
tissue doppler
e’ (cm/s)

Mitral medial e’ >
7 cm/s and lateral e’ >
10 cm/s

Usually normal Mitral medial e’ > 8 cm/s
Annulus reversus: mitral
lateral e’ < mitral septal e’

LV filling
pressure

Mitral E/e’ is a good
surrogate to estimate
filling pressure

Cannot use mitral E/e’ as e’
is usually normal and
preserved despite elevated
pressure (Annulus
paradoxus)

IVC Should be < 2.1 cm
with inspiratory
collapse > 50%

Plethoric dilated IVC Same as tamponade

Hepatic veins
patterns with
expiration

Forward flow during
expiration

End-diastolic reversal flow
into hepatic vein during
expiration

Same as tamponade

Strain Normal Global longitudinal strain
normal, decreased
circumferential strain

Summary of the different echocardiographic characteristics of cardiac tamponade and constrictive pericarditis
compared to normal individuals.
IVC: Inferior vena cava, LV: Left ventricle, TEE: Transesophageal echocardiogram
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21.5 Treatment Options

Treatment for acute pericarditis in patients with cancer fol-
lows the same medical regimen as with non-cancer patients
and consists first of high-dose non-steroidal
anti-inflammatory drugs (NSAIDs) and colchicine (see
guidelines, Adler et al. [22]). For cardiac tamponade, treat-
ment requires immediate removal of pericardial effusion.
This is usually performed with pericardiocentesis first or
with the surgical pericardial window when effusion
re-accumulates. Loculation of pericardial fluid may result in
an inability to aspirate pericardial contents either for diag-
nosis or relief of tamponade [19]. It is important to treat
the underlying etiology (chemotherapy and radiation as
needed).

With constrictive pericarditis, treatment options are lim-
ited and may involve surgical pericardiectomy with incom-
plete efficacy and poor outcomes [30]. Studies have
described poor survival following pericardiectomy in
patients suffering from radiation-induced CP with a 5-year
survival reaching only 11% compared to 80% in idiopathic
cases [31].

Treatment of pericardial diseases is dependent on the
etiology and usually involves treating the underlying cause;
this will be explained in greater detail in the clinical cases
below.

21.6 Case 1

Case summary: A 56-year-old male with chronic myeloge-
nous leukemia, who presented with recurrent fibrinous
pericardial tamponade and developed constrictive peri-
carditis later.

• Signs or symptoms suspicious for cardiac tamponade
imply the need for urgent pericardiocentesis, which usu-
ally significantly relieves the symptoms of tamponade.

• Pericardial effusion containing echogenic fibrinous and
frond-like coating strands is associated with the devel-
opment of constrictive pericarditis [19].

A 56-year-old male originally diagnosed with chronic
myelogenous leukemia with P210 BCR-ABL rearrangement
5 years ago, was treated with imatinib (tyrosine kinase
inhibitor). Two years after, he reported progressive back
pain and weakness of lower extremities. MRI and cere-
brospinal fluid cytology confirmed intracranial B-cell neo-
plasia and he was treated with intrathecal chemotherapy,
R-Hyper CVAD (rituximab, cyclophosphamide, vincristine,
doxorubicin, dexamethasone, methotrexate, and cytarabine)
and switched from imatinib to dasatinib. Six months

afterward, he presented to the emergency department with
3 days of worsening cough and dyspnea and was diagnosed
with multifocal enterovirus pneumonia with pericardial
effusion. Transthoracic echocardiogram revealed a large
pericardial effusion with findings suggestive of cardiac
tamponade (Videos 21.1 and 21.2, Figs. 21.1 and 21.2).

The patient underwent pericardiocentesis with the
removal of 350 mL of bloody exudative fluid and his
symptoms were relieved significantly. He was treated with
methylprednisone, however had recurrent pericardial effu-
sion treated with two other pericardiocenteses after 2 and
8 months, respectively, and repeated cytologic and flow
cytometry examination of the pericardial fluid were negative.
The etiology of the pericardial effusion remained unclear,
with differential diagnosis including viral infection, recur-
rence of disease, or dasatinib-induced effusion (present in
approximately 1% of patients treated with dasatinib). He
discontinued dasatinib permanently given recurrent tam-
ponade. High-dose aspirin and colchicine were not ideal
given his thrombocytopenia and acute kidney injury. After
the fourth episode of pericardial tamponade, the patient
underwent a surgical pericardial window. Cardiac catheter-
ization showed severely elevated intrapericardial pressures
which were successfully reduced from 29 to 3 mmHg after
removal of 750 mL of bloody fluid, and patient’s systolic
pressure increased from 100 to 140 mmHg.

After 6 months, the patient remained asymptomatic.
However, a follow-up echocardiogram revealed evidence of
constrictive physiology with respiratory interventricular
septal shift and diastolic interventricular septal “bounce”
without tissue Doppler septal to lateral velocity paradox. CT
showed widely thickened pericardium (Videos 21.3, 21.4
and 21.5, Figs. 21.3, 21.4, 21.5 and 21.6).

21.7 Case 2

Case Summary: A 69-year-old woman with acute myeloid
leukemia, who presented with cardiac tamponade in the
context of severe serositis due to graft versus host disease
(GVHD). With the treatment of GVHD, the patient recov-
ered well without recurrence of pericardial effusion.

• Rarely, pericardial effusion and tamponade can develop
as a consequence of graft versus host disease after allo-
geneic stem cell transplant.

This 69-year-old woman was diagnosed with AML
3 years prior to presentation and was originally induced with
daunorubicin (total 60 mg/m2) and cytarabine (100 mg/m2)
(“3 + 7” induction regimen) with residual AML. Therefore,
she underwent high-dose cytarabine (1500 mg/m2) with
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complete remission. Prior to bone marrow transplantation,
conditioning treatment was given (fludarabine and busulfan).

Following an allogeneic bone marrow transplant, the
patient developed GVHD with cutaneous symptoms. A few
months later, serositis with bilateral pleural effusion started
despite treatment with tacrolimus and methotrexate. She pre-
sented to the emergency department due to respiratory distress.
Transthoracic echocardiogram demonstrated large pericardial
effusion and tamponade (Videos 27.6 and 21.7, Figs. 21.7,

21.8 and 21.9). She underwent urgent pericardiocentesis with
bilateral chest tube insertion. Due to rapid reaccumulation of
fluid with pre-tamponade physiology, the patient was sent for a
surgical pericardial window with excellent results. She was
started on rituximab (a chimeric monoclonal antibody target-
ing B cells lymphocytes, acting as an immunomodulator),
high-dose prednisone with slow tapper, and ruxolitinib (a JAK
inhibitor) to treat GVHD. Patient recovered well afterward
without recurrent pericardial effusion.

Fig. 21.1 Inspiratory reduction in mitral peak E-wave velocity greater
than 25%. A positive respiratory variation of the tricuspid valve inflow
is characterized by an increase by more than 40% of the E-wave
velocity during inspiration. A positive respiratory variation of the mitral
valve inflow E-wave velocity is a decrease of more than 25% of E
velocity during inspiration. The opposite would be seen during
expiration. To measure the respiratory variation, the following formula

is used: Respiration Variation of Mitral or Tricuspid Valve Inflow
¼ E Expiration�E Inspiration

E Expiration . Unfortunately, the respirator was not used in
this patient. Here, despite no respirator, we can imagine the
end-expiration and end-inspiration values (shown by the “+”). In this
patient, the respiration variation of mitral inflow = (66−40)/66 = 39%

Fig. 21.2 A and B are subcostal views and still figures from video 1. A is taken at end-systole and B at end-diastole and show the collapse of the
right ventricle (arrow). *: fibrinous strands; #: right atrium
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Fig. 21.3 Diastolic
interventricular septal “bounce”
demonstrated by M-mode
echocardiography (shown by
arrow). During inspiration, an
increase in venous return to the
right heart occurs due to the
reduction of intrathoracic
pressure. However, with the
constraint of pericardial fluid, the
decrease in the pulmonary venous
pressure leads to a reduction in
the filling pressure of the left
ventricle, Therefore, the
interventricular septum shifts and
there is an abrupt bounce toward
the left to accommodate the
increased right-sided volume

Fig. 21.4 Reduction in flow
greater than 25% in the left
ventricular outflow tract during
inspiration. The respiration
variation of left ventricular
outflow tract = (130 −88)/
130 = 32%
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21.8 Case 3

Case Summary: 45-year-old male treated more than 30 years
ago with mantle field radiation for Hodgkin’s lymphoma,
with constrictive pericarditis.

• Radiation-induced constrictive pericarditis usually occurs
several decades after treatment.

• Symptoms can be insidious and progressive, and the
diagnosis may be hard to make at first if not sought after.
Here the patient presented with progressive and worsen-
ing dyspnea over 5 years.

• As radiation may also cause accelerated coronary artery
disease, an ischemic workup may be warranted.

• Among childhood survivors of Hodgkin’s lymphoma
treated with mediastinal radiation, the incidence of CP
was found to be 7% [32].

A 45-year-old man was diagnosed with Hodgkin’s lym-
phoma at age 12 and treated with ABVD (adriamycin,
bleomycin, vinblastine, and dacarbazine, total dose adri-
amycin 100 mg/m2) and mantle field radiation (� 4000
cGy) with complete remission. Following remission, the
patient did not have any follow-up for the next 25 years.
After multiple visits complaining of dyspnea, he was diag-
nosed with hypertension and started on chlorthalidone
25 mg daily. Dyspnea was thought to be secondary to
uncontrolled hypertension, deconditioning, and obesity
(BMI 38 mg/m2). After worsening of symptoms despite
blood pressure control, the patient was referred to a cardi-
ologist. An echocardiogram was done and showed features
of constrictive pericarditis (Videos 21.8, 21.9 and 21.10,
Figs. 21.10, 21.11, 21.12, 21.13, 21.14, 21.15 and 21.16).
The treatment plan is limited: optimization of blood pressure
and filling pressure and ultimately, referral to a high-volume
center for pericardiectomy with varied results and often
incomplete resolution of symptoms.

21.9 Case 4

Case Summary: a 71-year-old lady with recurrent metastatic
breast cancer previously treated with anthracycline and
radiation presenting with cardiac tamponade. Despite
undergoing pericardiocentesis, the patient remained very

Fig. 21.5 CT showed widely thickened pericardium with mild
calcification (indicated by arrow)

Fig. 21.6 Still figures from Video 21.4. a and b are parasternal short-axis views of the left ventricle. a shows the interventricular septum during
expiration at end-diastole and b shows the interventricular septum during inspiration at end-diastole (see Video 21.4)

200 B. Lefebvre et al.



Fig. 21.7 M-mode
demonstrating interventricular
septum bulging into the left
ventricle during inspiration
(shown by arrow)

Fig. 21.8 Inspiratory reduction
in mitral peak E-wave velocity
greater than 25% (as explained
before, the inspiratory reduction
in mitral peak E-wave
velocity = (114 - 50)/114 = 56%)
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dyspneic and was later diagnosed with effusive–constrictive
pericarditis.

• Although rare, it is important to recognize effusive–con-
strictive physiology as an explanation for worsening or stable
dyspnea and tachycardia in patients post-pericardiocentesis.

We present a case of a 71-year-old female, originally
diagnosed 25 years prior with right-sided breast cancer
treated at that time with radical mastectomy, anthracycline

for six cycles, radiation (unclear total dose and mean heart
dose), and tamoxifen. Fifteen years later, she presented with
nodes positive, ER-positive, left breast cancer treated with
mastectomy, Taxotere for six cycles, radiation (unclear total
dose and mean heart dose), and tamoxifen then anastrozole
(non-steroidal aromatase inhibitor). A few years afterward,
she was diagnosed with metastatic breast carcinoma to pel-
vic bones, mediastinal nodes, liver. and pleura. She was
treated with capecitabine with the progression of disease.
She presented to the emergency department with 2 weeks of
worsening dyspnea and was found to be in tamponade
physiology and atrial fibrillation with rapid ventricular rate.
Her vital signs in the ED are as follows: BP 110/62 mmHg
and pulsus paradoxus of 6 mmHg (likely underestimated
due to atrial fibrillation), HR 130–160 bpm in atrial fibril-
lation, afebrile (91.9 °F/36.6 °C), respiratory rate 21/min
and saturation 94% on room air. She underwent a pericar-
diocentesis with progressive dyspnea and hypotension.
Videos 21.11, 21.12, 21.13, 21.14, 21.15, 21.16 and 21.17
and Figs. 21.17, 21.18 and 21.19 show the extent and the
hemodynamic consequences of the pericardial effusion.

Following the pericardiocentesis, despite removing
300 cc of sero-sanguinous fluid, spontaneous conversion
into normal sinus rhythm, the patient remained very dysp-
neic and tachycardic. Another echocardiogram was per-
formed within 1 h of the procedure and showed
interventricular septal bounce and mitral annulus reversus
(higher medial than lateral e’ values), signs of constriction
(Videos 21.18, 21.19, 21.20 and 21.21, Figs. 21.20, 21.21,
21.22 and 21.23). Although the cytology of the pericardial
fluid was inconclusive for malignancy, the tamponade was

Fig. 21.9 Still image from video 6 showing the large pericardial
effusion (shown by *), and the collapse of the right ventricle depicted
by the arrow. The right atrium is shown by the # sign

Fig. 21.10 M-mode through the
mid-left ventricle in parasternal
long axis showing flattening of
the posterior LV wall in late
diastole (shown by *) as a sign of
the fixed cardiac volume
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likely secondary to the progressive metastatic breast cancer,
and the effusive–constrictive physiology a consequence of
her previous radiation therapies especially to the left breast
more than 10 years prior to the current presentation.
Unfortunately, the patient suffered from a pathologic fracture
of the left femoral neck, underwent extensive surgery, and
deteriorated during recovery. She passed away in comfort

care from metastatic breast cancer. Videos 21.22, 21.23 and
21.24 and Fig. 21.24 depict the findings from ECP on car-
diac magnetic resonance and were taken from another
patient (lung cancer with radiation 15 years ago) and
status-post pericardial window who presented with effusive–
constrictive physiology.

Fig. 21.11 Respiratory variation
of the mitral valve inflow E-wave
velocity. For precise
measurement, the sweep speed
should be increased and
unfortunately, the respirator was
not used. A positive respiratory
variation of the mitral valve
inflow E-wave velocity is
decreased by 25–40% of E
velocity during inspiration. Here,
despite no respirator, we can
imagine the end-expiration and
end-inspiration values (shown by
the *). The calculation would be
as follows: Respirationvariation

ofmitralvalveinflow ¼
90 cm=s�60 cm=s

90 cm=s = 33%

Fig. 21.12 The mitral valve E/A
is 2.1 with a short deceleration
time which may be a sign of
restrictive cardiomyopathy as a
consequence of previous radiation
or grade 3 diastolic dysfunction
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Fig. 21.13 The mitral lateral (9.75 cm/s) and medial (13.5 cm/s) e’ demonstrate the “annulus reversus” (higher medial than lateral e’ value)
which is a sign of constriction

Fig. 21.14 The mitral lateral (9.75 cm/s) and medial (13.5 cm/s) e’ demonstrate the “annulus reversus” (higher medial than lateral e’ value)
which is a sign of constriction
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Fig. 21.16 Pulse Doppler of the hepatic veins showing variation and
reversal of the flow during late diastole at expiration (arrow). Hepatic
venous flow abnormalities (blunting or frank reversal of diastolic flow
with expiration and systolic venous flow predominance) have high
positive and negative predictive values for cardiac tamponade and

CP. This finding was first described in a study of 13 patients with CP
showing a 100% specificity and a 68% sensitivity [33]. The popular
mnemonic “RICE” is often taught to cardiology fellows in order to
remember this important hepatic finding (Restriction Inspiration,
Constriction Expiration)

IVC= 22.5 mm

Fig. 21.15 Dilated inferior vena cava (22.5 mm) which was not collapsing during inspiration (not shown)
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Fig. 21.17 M-mode through the
mid-left ventricle in parasternal
long axis showing flattening of
the posterior LV wall in late
diastole (see *)

Fig. 21.18 Respiratory variation
of the mitral valve inflow E-wave
velocity. For precise
measurement, the sweep speed
should be increased. The patient
was very dyspneic and the
baseline of the respirator is
chaotic. There is a positive
respiratory variation of the mitral
valve inflow E with a decreased
up to 50% of E velocity during
inspiration (see *). To measure
the respiratory variation, the
formula used is: the E velocity at
the first beat post-expiration
(ascending slope)—the E velocity
at the first beat post-inspiration
(descending slope) divided by E
velocity the post-expiration
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Fig. 21.19 Although there is no respirator during the pulse doppler of the hepatic veins, there is variation and reversal of the flow during late
diastole (see *)
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Fig. 21.20 This figure demonstrates the interventricular septum
bounce during inspiration. a and b are parasternal short axis and figure
a demonstrates a flat interventricular septum during inspiration whereas
figure b depicts the normal movement of the interventricular septum
during expiration. c and d are parasternal long axis showing the

interventricular septum bounce (into the left ventricle) during inspira-
tion in figure c and the normal interventricular septum movement
during expiration in figure d. See Videos 18 and 19 of the
interventricular septum bounce
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Fig. 21.21 The mitral lateral
(6 cm/s) and medial (8 cm/s) e’
demonstrate the annulus reversus
(higher medial than lateral e’
value) which is a sign of
constriction

Fig. 21.22 The mitral lateral
(6 cm/s) and medial (8 cm/s) e’
demonstrate the annulus reversus
(higher medial than lateral e’
value) which is a sign of
constriction
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a b c

Fig. 21.24 a–c are delayed enhancement sequences showing late gadolinium enhancement uptake at the right ventricle (see arrows). There is a
small pericardial effusion and a moderate right-sided pleural effusion

Fig. 21.23 The mitral valve E/A is 2.2 with short deceleration time
which may be a sign of a restrictive cardiomyopathy as a consequence
of previous radiation or grade 3 diastolic dysfunction. However, given
the respirophasic interventricular septum bounce, the normal mitral

valve e’ and the annulus reversus, the findings are more consistent with
a presentation of constriction (however there may be a mixed
presentation with some features of restriction)
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22Introduction to the Cardiac Implications
of Radiotherapy

Lior Z. Braunstein and Oren Cahlon

Since shortly after Wilhelm Roentgen’s discovery of the
X-ray in 1895 [1], ionizing radiation has been used to treat a
variety of benign and malignant conditions alike. Early
applications of X-rays were limited to superficial cutaneous
lesions due to the underperformance of poorly penetrating
low-energy beams at significant tissue depth. The discovery
of naturally occurring isotopes [2] and the later development
of the linear accelerator [3] allowed for more energetic
penetrating photons to treat deeply seated lesions such as the
visceral or brain tumors that today are routinely ablated in
non-invasive fashion. With the development of high-energy
beams, however, emerged a concurrent need to protect
critical deep structures that might now be at risk of radiation
injury.

Although contemporary radiotherapy is largely delivered
using high-energy photons (i.e., X-rays and gamma rays),
the physical properties of particle-based beams are routinely
exploited for their dosimetric advantages. To illustrate,
X-rays deposit energy along a beam path that gradually
dissipates while traversing the patient, typically yielding an
“exit dose” beyond the target tumor that exposes distal tis-
sues. Protons, conversely, by virtue of having mass and
charge, maximally interact with tissue at an energetically
predetermined depth (the “Bragg peak”), fully depositing
energy at a given depth and sparing the tissues beyond
(Fig. 22.1). This fundamental property of proton-based
techniques is often exploited to limit normal-tissue toxic-
ity, as in the treatment of pediatric central nervous system
malignancies where the ability to spare adjacent developing
brain structures preserves cognitive function [4, 5]. Aside
from photons and protons, other particle beams including

electrons, neutrons, and carbon ions, among other investi-
gational approaches, are also in use.

The central challenge of radiotherapy, as alluded to
above, is striking a balance between sufficient tumor dose
and adequate sparing of adjacent non-target tissues. This
principle is perhaps best illustrated by the history of breast
and thoracic radiation. Prior to the advent of effective sys-
temic therapies for breast cancer, disease control was
exceedingly poor and adjuvant (i.e. post-operative) radio-
therapy was broadly employed following mastectomy. These
early efforts typically treated the regional lymph node basins
comprehensively (including the internal mammary nodes)
yet lacked three-dimensional thoracic imaging or techniques
that might allow for cardiac avoidance, as is standard today.
Consequently, long-term follow-up of these early patients
demonstrated an excess of deaths among those receiving
post-mastectomy radiation, suggesting that radiotherapy was
partly contributing to a reduction in survival [6]. Focused
analyses from that era have variably identified the causes of
excess mortality among those receiving radiation as acute
myocardial infarction [7] or “cardiovascular disease” more
generally, prompting modifications to field design and a
reconsideration of the appropriate risk–benefit considera-
tions [8].

Cardiotoxic sequelae were similarly observed, if more
dramatically, among patients with Hodgkin lymphoma who
relied extensively on nodal irradiation prior to the advent of
contemporary systemic regimens [9]. Often young at the
time of radiation, these patients sustained elevated cardiac
doses from wholesale treatment of the mediastinal lymph
nodes and were broadly reported to exhibit an increased risk
of valvular disease, atherosclerosis, and cardiomyopathies
[10–13].

As evidence for the cardiac implications of radiotherapy
mounted, a seminal study conducted by Darby et al. yielded
what has now become a landmark finding [14]. In a
population-based case–control study among 2168 women
who underwent breast cancer radiotherapy, rates of major
coronary events appeared to increase linearly with mean
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heart dose by 7.4% per gray (95% CI 2.9 to 14.5). Whereas
mean heart doses in this outdated cohort ranged significantly
higher than currently allowable limits, the report was par-
ticularly notable for demonstrating that there is no lower
bound below which radiation ceases to influence cardiac
risk. Mindful of these findings, contemporary practice has
significantly mitigated heart dose and concomitant cardio-
vascular risk as discussed below.

To revisit the utility of adjuvant breast radiation since the
early days when cardiac avoidance was not practicable, a
series of landmark trials recently evaluated the benefits of
comprehensive adjuvant radiation for breast cancer in the
context of contemporary planning techniques and a nuanced
appreciation for cardiac risk. The MA.20 [15] and EORTC
22922 [16] trials randomized patients to receive regional
nodal irradiation following lumpectomy or mastectomy and,
in contrast to the historical findings above, both trials
observed a 3–5% disease-free survival benefit to treating the
regional lymph nodes among appropriate breast cancer
patients. Notably, despite treating the internal mammary
nodes in both studies, the rate of cardiac adverse events was
exceedingly rare (0.9% on MA.20) and was not significantly
different in either study between those receiving radiation or
not.

Thoracic radiotherapy for lung cancer has also been
illustrative of the cardiac implications of radiotherapy. In the
seminal RTOG 0617 trial of dose-escalation for unresectable
stage III non-small-cell lung cancer (NSCLC), investigators
evaluated whether a radiation dose of 74 Gy could improve
disease control as compared to the prevailing 60 Gy stan-
dard dose [17]. To the surprise of many, the study revealed
that the investigational 74 Gy conferred a potential decre-
ment in survival, counter to the trial hypothesis and

opposing the otherwise notable trends of improved disease
control with higher doses in NSCLC. Much has since been
written about this failure of dose-escalation, with many
positing that higher doses do effect improved tumor control,
but that an excess of mortality arises from the concomitant
cardiopulmonary effects of radiation [18, 19].

Several studies have attempted to elucidate the underly-
ing pathophysiology of radiation induced cardiac disease. In
an autopsy series that included 27 cases [20], Veinot and
Edwards identified pericardial injury in 70%, with effusion
and tamponade in a subset. Similarly, radiation-associated
valvular disease was identified in 71% of patients (mean
dose 46 Gy), with 25 examined valves (8 aortic, 9 mitral, 5
tricuspid, and 3 pulmonary) all showing diffuse cusp or
leaflet fibrosis without evidence of post-inflammatory
change such as chronic inflammation or neovasculariza-
tion, suggesting an alternate pathway to fibrotic injury from
radiation. Perhaps most notably, 16 subjects had evaluable
myocardium with 10 (63%) harboring interstitial fibrosis
attributable to radiation injury, while 13 had evaluable
coronary arteries with 2 young men (26 and 44 years old)
showing significant narrowing via atherosclerosis or
fibrointimal thickening attributable to radiation damage.
Coronary disease in these two subjects was noted to be
“disproportionately severe” in light of their non-radiation
risk factors. Thus, radiation induced heart disease putatively
affects every cardiac substructure, and subsequent studies
have suggested that tissue fibrosis represents the unifying
etiologic pathway [21].

Indeed, the implications of cardiac radiation exposure
have now set the stage for a burgeoning industry of cardiac
avoidance devices and techniques that are commonly used in
clinical practice. Among these are prone immobilizers for
breast cancer, allowing patients to be treated in the prone
position as gravity is used to displace the target breast tissue
away from the underlying heart (Fig. 22.2). The respiratory
cycle can also be exploited to optimize cardiac positioning
away from a nearby target. This approach uses respiratory
gating, or the Deep-Inspiration Breath-Hold (DIBH) tech-
nique, whereby breathing is monitored via imaging or
spirometry and radiation is delivered only during the most
favorable anatomic phase of the respiratory cycle
(Fig. 22.3). In breast radiotherapy, for example, treatment is
often delivered during end-inspiration when the lungs are
maximally inflated and the heart is displaced
postero-inferiorly relative to the target internal mammary
nodes which may otherwise be mere millimeters from the
right ventricle during end exhalation (Fig. 22.4). These
techniques, along with advanced planning modalities such as
intensity modulated radiotherapy (IMRT) and volumetric
modulated arc radiotherapy (VMAT) (Fig. 22.5), are rou-
tinely brought to bear in mitigating the cardiac and
normal-tissue effects of radiation.

Fig. 22.1 Percent depth dose for X-Rays, electrons, and protons
(Pristine peak and spread-out Bragg peak—SOBP). (From Hasson et al.
[23]; with permission from Springer Nature.)
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Fig. 22.2 Prone breast radiotherapy [22]. Typical dose distributions of
a patients with a pendulous breast. For each patient, opposing tangential
fields were set up to irradiate planning target volume in both supine and

prone positions. (From Takahashi et al. [22]; Creative Commons
Attribution 4.0 International License, https://creativecommons.org/
licenses/by/4.0.)

Fig. 22.3 Respiratory gating. The respiratory cycle is monitored using
surface imaging and radiation is delivered during either
deep-inspiration breath-hold (as below) or, alternatively, during any
desired portion of the respiratory cycle. The beam can be automatically

activated and deactivated as the surface anatomy enters or exists the
specified “gating window” that corresponds to the desired respiratory
phase. (From Schönecker et al. [24]; Creative Commons Attribution 4.0
International License, https://creativecommons.org/licenses/by/4.0.)
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Thus, while there is no tumor that cannot be controlled
with a sufficiently high dose of radiation, the countervailing
sensitivity of adjacent structures may limit the feasibility of
delivering an adequately ablative dose. The heart represents
one such limiting organ, with potential for radiation injury to
each cardiac substructure. As a result, contemporary radia-
tion approaches employ combinations of advanced particle
beams, novel beam shaping techniques, and patient posi-
tioning to limit cardiac toxicity while precisely targeting
thoracic-based malignancies including tumors of the breast,
lung, and mediastinum. Meanwhile, substantial efforts are
underway to optimize prophylactic and therapeutic approa-
ches to mitigate radiation-associated cardiac injury, and to
prolonging survival via oncologic and cardiac approaches
alike.
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23Cardio-Oncologists Perspective
on the Cardiac Implications of Radiotherapy:
Complex Cases of Radiation-Related Valvular
and Vascular Disease

Maria Poltavskaya

Chest radiation therapy (RT) is an important cause of car-
diovascular disease in patients treated for cancers including
lung, esophagus, mediastinal tumors, and especially Hodgkin
disease and breast cancer [1–3]. In patients with Hodgkin
lymphoma radiation-induced heart disease (RIHD) can
involve the pericardium, myocardium, valves, coronary
arteries, aorta, and major arteries and becomes a leading cause
of death during survivorship. RIHD is associated with 9.3–28
deaths per 10,000 patient-years [1] and the risk of heart failure
is 4.9 fold higher than in the general population [2].

The risk of radiation cardiotoxicity depends primarily on
chest irradiation from the anterior or left fields, cumulative
dose, and the dose fractionation. It is not so much the total
dose to the chest that matters but the volume of the heart that
receives a sufficiently high dose [4]. Since the beginning of
the so-called “modern era” of RT in 1985, the use of the
latest technologies and conformal techniques with less
radiation dose to the heart has resulted in a decrease in
cardiovascular complications (see Chap. 22) [5]. The like-
lihood of RIHD increases in proportion to the time after RT.
The prevalence of clinically relevant heart disease within 5–
10 years after RT is 10–30% (often asymptomatic) [6] and
after 40 years the incidence of various cardiovascular dis-
eases increases to 50% [7]. RT potentiates the negative effect
on the myocardium of chemotherapy drugs, such as
anthracyclines [8].

There is evidence that the mechanisms underlying radi-
ation injury of all cardiac tissues may be related to micro-
and macrovascular damage. Early after the exposure to

ionizing radiation endothelial cell hyperpermeability is
observed with subsequent inflammatory response which
promotes further deterioration. Microvascular damage
results in reduction of capillary density driving myocardial
fibrosis, diastolic dysfunction, and heart failure. Valve
endothelial damage results in leaflet fibrosis, thickening,
shortening, and calcification. Increased capillary permeabil-
ity of the pericardium, thickening, and adhesions lead to
effusions and constriction which contribute to diastolic
dysfunction. Endothelial injury accelerates atherosclerosis
resulting in endothelial dysfunction and coronary artery
stenosis [9, 10]. Traditional risk factors such as smoking,
diabetes, arterial hypertension, obesity, and hypercholes-
terolemia, significantly increase the risk of post-radiation
coronary artery disease [2].

Radiation-induced pericardial disease can present as acute
pericarditis with chest pain, friction rubs, pericardial effu-
sions and later evolve into constrictive pericarditis. Man-
agement of acute pericarditis follows common guidelines and
includes nonsteroidal anti-inflammatory drugs, colchicine,
and sometimes reluctantly glucocorticoids. The approach to
radiation related pericardial effusions does not differ from the
approach to effusions of other etiologies. A malignant origin
of the effusion should be excluded [11, 12]. Pericardiectomy
may be considered for hemodynamically and clinically rel-
evant constriction but early and late postoperative mortality is
much higher than in constriction of other origins. The higher
mortality may be explained by more extensive pericardial and
mediastinal fibrosis, concomitant myocardial, valvular, and
coronary impairment [13].

Myocardial fibrosis at advanced stages after radiation
manifests as restrictive cardiomyopathy with symptoms of
heart failure, diastolic dysfunction, preserved or moderately
decreased ejection fraction, and abnormal myocardial strain
[11, 14, 15]. The atrial and ventricular dimensions may be
within the normal range. Management of heart failure in
these patients with low cardiac output is directed at relieving
symptoms. There is no evidence that ACE-inhibitors or
beta-blockers are beneficial. They may be poorly tolerated
and should be used with caution if at all. Cardiac
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transplantation can be considered for the management of
heart failure due to radiation-induced end-stage cardiac
disease [16].

Clinically relevant valvular disease is a rather late com-
plication that usually manifests 10–20 years or more after
mediastinal RT. The mitral and aortic valves are most
commonly affected, and regurgitation is more common than
stenosis [17]. Post radiation aortic valve disease can present
as low-flow, low-gradient aortic stenosis [18]. When valve
replacement is necessary, percutaneous approaches have
become the methods of choice because the 30-day and
long-term prognosis after open surgery is worse than in
“conventional” cases because of severe aortic calcification
and concomitant cardiac, mediastinal, and pulmonary dis-
ease [18, 19].

Coronary artery disease (CAD) may present with angina
or acute coronary syndrome even in young patients without
traditional risk factors [17]. At the same time significant
coronary disease may be found in a third of asymptomatic
patients screened by coronary angiography. Ostial and
proximal coronary stenoses are typical after RT for Hodgkin
disease [20]. The mid and distal segments of left anterior
descending artery are most likely to be affected after left
breast irradiation (see Chap. 24) [21]. Management of stable
or acute CAD should follow the existing guidelines for
conventional CAD.

All patients with a history of thoracic RT must be con-
sidered at high risk for cardiovascular disease and be fol-
lowed by a cardiologist lifelong with regular screening with
echocardiography and functional stress testing. Screening for
and strict control of conventional risk factors is essential [11,
22].

23.1 Case 1. Aortic Stenosis with Low
Ejection Fraction After Repeated
Chemo- and Radiation Therapy for Left-
and Right-Side Breast Cancer
with Recovery After Transcatheter
Aortic Valve Replacement (TAVR)

Key Points

• Unlike Hodgkin lymphoma, valve, and ostial coronary
artery lesions are not typical after treatment of left breast
cancer but they may be seen in patients who underwent
“old radiation therapy” with radiation impact on a large
heart volume

• Asymptomatic coronary artery disease (CAD) is often
found in patients with radiation-induced valve disease
and should be sought in all patients regardless of age.
Concurrent myocardial and pericardial damage should
also be considered.

• Common risk factors of atherosclerotic disease such as
hypertension, dyslipidemia, smoking contribute to the
risk of radiation-induced vascular and presumably
valvular disease.

• Chest radiation is a major risk factor for cardiac surgery.
That risk is underestimated by the commonly employed
surgical risk scores. When feasible, in patients with
radiation-induced aortic valve disease the decision is
usually made in favor of TAVR which is probably nearly
as effective as in “conventional” patients.

In 2016 a 55 y/o woman was admitted to the hospital with
symptoms of congestive heart failure NYHA class IV:
Dyspnea at rest, orthopnea, paroxysmal nocturnal dyspnea,
extensive peripheral edema, cyanosis, hepatomegaly, and
low effort typical angina. An aortic systolic murmur was
present.

She was an ex-smoker, with a long history of arterial
hypertension and obesity (body mass index of 32.7) and with
recent onset diabetes. In 1987 she had undergone surgery,
anthracycline-based chemotherapy, and radiotherapy for
left-sided breast cancer, and in 2008—for right-side breast
cancer. Heart failure and angina manifested in 2012 and
worsened gradually. The patient received medical treatment
with ASA, low doses of ARBs, beta-blockers, spironolac-
tone, and diuretics.

Admission ECG in 2016 showed left ventricular hyper-
trophy. Echocardiogram revealed calcified tricuspid aortic
valve with severe stenosis (aortic valve peak jet velocity of
405 cm/s, mean transvalvular gradient (DP) of 37 mm Hg,
aortic valve area of 0.5–0.6 cm2) and significant aortic
regurgitation, mitral, and tricuspid regurgitation grade II,
systolic dysfunction with ejection fraction (EF) of 20 to 25%
and pulmonary hypertension (PAPS/PHT = 50) (Figs. 23.1
and 23.2, Videos 23.1 and 23.2).

CT scan performed as part of her preoperative evaluation
showed calcification of the aortic valve and also of the right
coronary artery (RCA) with a proximal stenosis and collat-
eral distal flow (Fig. 23.3).

Coronary angiography confirmed the proximal occlusion
of the RCA with collateral contrast filling. There were no
indications for coronary intervention. Angina was consid-
ered related not to CAD but to severe aortic stenosis (Video
23.3).

The patient had left ventricular dysfunction presumably
due to multiple contributing factors including severe aortic
stenosis, myocardial ischemia, and radiation and anthracy-
cline induced cardiomyopathy. She had a low EF, low mean
DP and low flow according to velocity time integral (VTI) at
the left ventricular outflow tract (LVOT) (stroke volume
index (SVi) < 35 ml). Corrected by CT scan measurement
of the LVOT the flow was redefined as normal with Svi
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of > 35 ml. Together with high aortic Vmax these findings
were interpreted as a normal response to high afterload and
improvement of ventricular function after relief of aortic
stenosis could be expected [23].

The patient had strong clinical indications for aortic valve
replacement. Surgical risk was estimated to be low according
to the common scores: 3.56 by Euroscore and 1.9 by the
society of thoracic surgeons (STS) score. Nevertheless, the
Heart Team decided in favor of a transcatheter procedure
taking into consideration the history of chest radiation which
is a major risk factor for postoperative morbidity and

mortality [24, 25]. The patient underwent TAVR with a
biologic prosthesis. She recovered nicely with relief of heart
failure and angina and in a year she was taken off diuretics.
In 2019 she was seen for the management of high blood
pressure and symptomatic runs of supraventricular tachy-
cardia. There were no symptoms of heart failure or angina
pectoris on treatment with ARB, beta-blocker, calcium
channel blocker, low-dose thiazide, statin, clopidogrel, and
oral antidiabetic drug. She had a normal systolic pressure
gradient across the prosthesis and her LVEF had recovered
to 56%.
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Fig. 23.1 Echocardiogram in 2016 before transcatheter aortic valve
replacement (TAVR). a Thickening of aortic valve cusps (arrow) and
annulus. Moderate LV hypertrophy. Parasternal long axis view.
RV = right ventricle, LV = left ventricle, Ao = Aorta, LA = left
atrium. b Color Doppler of aortic regurgitation. The arrow points at
the moderate regurgitant jet. Parasternal long axis view. c Doppler
echocardiography defining the severity of aortic stenosis. Maximal AV
peak jet velocity (Vmax) of 405 cm/s indicates severe stenosis. Mean

transvalvular gradient of 37 mm Hg is classified as low gradient
(<40 mm Hg) but it is underestimated because of low LV contractility.
Apical view. d Doppler echocardiography at LVOT shows low VTI of
14 cm that corresponds with low stroke volume index (low flow
stenosis). Aortic valve area (AVA) of around 0,5cm2 indicates severe
stenosis. Apical view. LVOT—left ventricular outflow tract. VTI—
Velocity time integral
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SEDE

BEFORE TAVR   EF 20-25%

LV

LALA

LV

Fig. 23.2 Echocardiogram in
2016 before TAVR. End-diastolic
(ED) and end-systolic
(ES) images of LV illustrating
low LV contractility. EF
estimated under 20% and
measured with the use of Simpson
method 20–25%. EF—ejection
fraction. LV—left ventricle

A B

C D

Fig. 23.3 CT scan in 2016
before TAVR. a and b CT images
showing the tricuspid aortic valve
with the marginal and basal
calcification of the leaflets typical
for radiation-induced valve
disease. c Measurement of LVOT
diameter by CT. CT planimetry is
usually more accurate than the
measurement based on
echocardiography which can be
hampered by calcification and by
the shape of LVOT. The cross
section of the LVOT is elliptical
and even the minimal diameter is
bigger than that measured by echo
(d). That results in a larger
estimated LVOT area and VTI.
d Measurement of LVOT
diameter with the use of
echocardiography. CT—
computed tomography. LVOT—
left ventricular outflow tract.
TAVR—transcatheter aortic
valve replacement. VTI—
Velocity time integral
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23.2 Case 2. Radiation-Induced Coronary
Artery, Thoracic Vascular Disease
and Mitral Regurgitation with Heart
Failure in a Hodgkin Lymphoma
Survivor

Key Points

• In patients with a history of chest radiation therapy heart
failure usually has a multifactorial origin with potential
contributions from myocardial, pericardial, valvular, and
coronary disease.

• Radiation-induced coronary artery disease (CAD) may
manifest earlier than other cardiac lesions

• CAD associated with radiation therapy often has no or
atypical symptoms and should be sought in all patients
with other cardiac lesions regardless of age

In 2002–2003 at the age of 20 a women underwent
chemotherapy (cumulative dose of doxorubicin—200 mg)
and radiation therapy for Hodgkin lymphoma (total dose on
all lymph nodes above the diaphragm—26 Gy, total dose on
mediastinum and left hilum—up to 36 Gy, on right hilum—
up to 36 Gy, on both supraclavicular fields—up to 30 Gy).

In January 2009 she had the onset of typical angina pre-
cipitated by the cold and exertion. With a diagnosis of
“radiation-induced coronary inflammation” the patient was
treated at a local hospital with glucocorticoids, antibiotics,
beta-blockers, low doses of nitrates, and ACE-inhibitors but her
condition deteriorated. With worsening angina and arterial
hypotension she was transferred to a hospital with a
cardio-oncology service. Coronary angiography showed 95%
proximal left circumflex artery (LCx) stenosis, non-obstructive
disease of the left anterior descending coronary artery (LAD),
and intact right coronary artery (RCA). The patient underwent
percutaneous transcatheter coronary angioplasty (PTCA) and
drug eluting stent implantation with good clinical and angio-
graphic result (Fig. 23.4, Video 23.4).

Echocardiography was also performed and it showed
thickening of mitral valve leaflets, shortening of posterior
leaflet with grade II to III mitral regurgitation, left atrial vol-
ume index (LAVI) of 33,7 ml/m2, normal systolic and dias-
tolic myocardial function, and no pulmonary hypertension.

Following the stenting procedure the patient participated
in recreational sports continuing dual antiplatelet therapy
(DAT), statin, and ivabradine for tachycardia. She did not

tolerate beta-blockers because of symptomatic hypotension.
A follow-up stress test months later revealed asymptomatic
ST-segment depression suggestive of ischemia, but at a high
workload. Because she was asymptomatic with excellent
exercise tolerance repeat coronary angiography in consid-
eration of a repeat coronary intervention was not deemed
necessary.

In 2010 the patient experienced intermittent claudication
of the left arm found to be due to left subclavian artery
stenosis. Subclavian stenting was performed with good
angiographic result and enduring clinical improvement
(Fig. 23.5, Video 23.5).

In 2017 she experienced gradual worsening of exertional
breathlessness, tachycardia, fatigue, with reduced exercise
tolerance. There were several episodes of pulmonary edema
precipitated by respiratory infections, physical or emotional
strain, and anemia caused by menometrorrhagia. Diuretics
were effective but the patient discontinued them because of
fatigue. Echocardiography showed mitral regurgitation grade
III, with moderate left atrial enlargement (LAVI of 38–
40 ml) and pulmonary hypertension depending on diuretic
therapy.

In 2019 the patient was admitted with worsening of heart
failure and chest discomfort. Coronary angiography showed
proximal and distal stent restenoses. PTCA was performed
but stent implantation was deferred until the removal of the
uterine polyp which caused the menometrorrhagia. After the
intervention the symptoms did not resolve (Fig. 23.6, Video
23.6).

In May 2020 the patient was admitted with a
non-ST-elevation myocardial infarction (NSTEMI) present-
ing with fatigue, breathlessness, and tachycardia. Coronary
angiography showed subtotal LCx stent stenosis and 80%
ostial stenosis of the LAD. The patient underwent crossover
left main coronary artery (LMCA)-LCx and LMCA-LAD
stenting and her symptoms improved significantly
(Fig. 23.7, Video 23.7).

Three months later the patient was stable with moderate
limitation of physical activity maintained on DAPT, statin,
ivabradine, spironolactone, and daily low-dose torsemide.
Echocardiography showed high-speed eccentric mitral
regurgitation grade III. The LA enlargement is still moderate
despite the long existing high grade MR, pulmonary
hypertension is mild (estimated PAPs = 44 mm Hg). There
is no evidence for mitral stenosis, other valvular impairment,
significant myocardial, or pericardial disease (Fig. 23.8,
Video 23.8).
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MARCH 2009 CORONARY ANGIOGRAM  
BEFORE STENT PLACEMENT AFTER STENT PLACEMENT

JANUARY 2009 

ECG AFTER CLIMBING 2 FLIGHTS OF STAIRS
LCx

LCx
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LADLAD

A B
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Fig. 23.4 Left panel, Electrocardiogram at first presentation of effort
angina in 2009. It was recorded immediately after the patient climbed
stairs in the outpatient clinic. ST-segment depression suggestive of
ischemia is seen in multiple leads. Right panel, Coronary angiograms of

left coronary artery at first presentation in 2009. a and c Two views
before and stenting. Arrows indicate significant LCx stenosis. b and
d Ater stent placement in LCx showing good coronary flow. LCx—left
circumflex artery

NOVEMBER 2009  ANGIOGRAM OF LEFT SUBCLAVIAN ARTERY 

BEFORE STENT PLACEMENT AFTER STENT PLACEMENT

Fig. 23.5 Left panel, Angiogram of left subclavian artery performed
after the onset of steal syndrome in 2010. The arrow points at severe
artery stenosis. There are no visible branches of the artery due to the
markedly reduced blood flow. Right panel, Angiogram of left

subclavian artery after stenting. There are normal flow and contrast
filling of the branches. The arrow points at the ostium of the vertebral
artery that appears moderately narrowed (most likely as a consequence
of radiation)
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Based on the patient’s preferences, the marked
improvement in her symptoms following coronary stenting,
and the major risk of mitral valve surgery in the face of prior
chest radiation, the decision was made not to perform mitral
valve surgery. The very early experience with evaluating
patients for MitraClip procedures suggests that the valve
abnormalities associated with radiation therapy may not be
well suited to this intervention, but further investigation is
required for this and other percutaneous approaches to
radiation related mitral valve disease. This patient’s clinical
course suggests that although the mitral valve disease was
the main cause of her heart failure the severity of symptoms
was dependent on precipitating factors, namely anemia,
respiratory infections, and the NSTEMI she experienced.
Management of the cardiovascular sequelae of cancer sur-
vivors, particularly those treated with combination therapies,
demands careful attention to the multifactorial nature of their
illness.

CORONARY ANGIOGRAPHY APRIL  2019

LAD

LCx

Fig. 23.6 Left coronary angiograms performed in May 2019 when the
patient was admitted with worsening of heart failure and some chest
discomfort not typical for angina (unlike the first presentation in 2009).
Stenoses at the proximal and at the distal ends of the stent in LCx are
clearly seen. LAD appeared normal. LAD—left anterior descending
artery. LCx—left circumflex artery

CORONARY ANGIOGRAPHY
03/05/2020 

BEFORE STENTING

AFTER STENTING

LCx

LCx

LCx

LCx

LAD

LAD

LAD

LAD

A

C

B

D

Fig. 23.7 Coronary angiograms performed in May 2020 at admission
with diagnosis of non-ST-elevation myocardial infarction presenting
with worsening of heart failure. a and b Two views of left coronary
artery branches revealing subtotal LCx stent stenosis (arrows). LAD
ostial stenosis was also recognized but it cannot be seen on these

images. c and d 2 views of left coronary artery branches after terminal
LMCA bifurcational stenting with good angiographic result. LAD—left
anterior descending artery. LCx—left circumflex artery. LMCA—left
main coronary artery
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thickening of anterior cusp (arrow 1), shortening of posterior cusp
(arrow 2), and calcifications in subvalvular apparatus (arrow 3). b Color
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high-speed eccentric regurgitant jet area. c Doppler echocardiogram of
high-speed jet of mitral regurgitation. d Two-chamber view: left
ventricular ejection fraction measured with the use of Simpson method
is 57%. LA—left atrium. LV—left ventricle, MR—mitral regurgitation,
RA—right atrium, RV—right ventricle
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24Radiation-Related Coronary and Conduction
System Disease

Richard M. Steingart

Radiation therapy as primary or neoadjuvant/adjuvant ther-
apy for cancer has cured disease, prolonged survival, and
improved the quality of life of many cancer patients [1]. It is
well known that there can be substantial adverse cardio-
vascular consequences to radiation therapy and therefore
great effort has been expended to optimize efficacy while
reducing the cardiovascular risk [2]. Despite those efforts,
cardio-oncology clinicians frequently care for cancer sur-
vivors treated with radiation therapy, at risk for or presenting
with clinically manifest coronary artery disease. There is
much to be learned from our collective experience in treating
these patients.

24.1 Case 1. Late-Onset Coronary Artery
Disease After Radiation Therapy
for Hodgkin Disease

Key Points

• Lifelong surveillance is difficult, and the fragmentation
of resources between childhood and adult care systems
imposes significant obstacles that the patient, oncologist,
and cardio oncologist must overcome.

• Radiation coronary disease is progressive with an accel-
erated course after the initial clinical presentation.

• Diagnosis and management of radiation related coronary
artery is complicated by the invariable presence of other
radiation and non-radiation cancer related confounding
factors.

• Frequent noninvasive testing, particularly serial rest and
stress echocardiography is particularly helpful in sorting
through the complex clinical course of these patients.

A 47-year-old woman had been treated for Hodgkin disease
in 1982 at age 16 with mantle radiation and splenectomy. In
2010 she underwent thyroidectomy for radiation related
thyroid cancer and started thyroid replacement therapy.
A heart murmur was noted at that time. In 2012 she
underwent bilateral mastectomies for radiation related
ER + breast cancer and subsequently received 240 mg/m2

adriamycin starting in January 2013. Echocardiogram just
prior to adriamycin therapy showed EF 59%, thickened
aortic valve, mild aortic regurgitation, and peak aortic
velocity of 177 cm/s. Long-term tamoxifen therapy was
begun. No further cardiac follow-up was undertaken.

She subsequently was treated by a rehabilitation medicine
physician for a radiation fibrosis syndrome of the chest and
neck and was referred to our cardiology clinic in the fall of
2013 for evaluation of a heart murmur amid complaints of
mild dyspnea on exertion. During the cardiology consulta-
tion she was noted to have a systolic ejection murmur.
A transthoracic echocardiogram showed normal systolic
function, a thickened aortic valve with mild to moderate
aortic regurgitation and stenosis. The EKG was normal
(Fig. 24.1, Video 24.1).

Expert consensus recommendations call for screening for
valvular and coronary artery disease after thoracic radiation
exposures, the timing, and frequency of such screening
dependent on the intensity of such exposure and concomitant
therapies [3, 4]. The interval from 1982 to 2013 was clearly
too long but not unusual. Hopefully with the emergence of
cardio-oncology the importance of screening will find its
way into routine practice. We were interested in exploring
the clinical value of CT coronary angiography in cancer
survivors [5]. Her CT coronary angiogram showed extensive
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coronary calcifications (Fig. 24.2) with non-obstructive
coronary disease. Agatston calcium score 1004.

She was begun on low dose ASA and statin therapy. LDL
fell from 130 to 70 mg/dl. To be more certain that the
coronary and valvular disease were not contributing to her

exertional symptoms she underwent stress echocardiogra-
phy. Both the EKG and stress echo portion were negative for
ischemia. Ventricular function improved with exercise.

Guidelines are less clear about the appropriate follow-up
once coronary atherosclerosis is discovered in radiation

Fig. 24.1 a Normal baseline electrocardiogram at initial cardiology consultation. b Baseline echocardiogram at initial cardiology consultation
showing calcified aortic valve and aortic regurgitation

A B C

Fig. 24.2 CT coronary angiogram. a and b show calcification in the proximal left anterior descending and left circumflex coronary arteries.
c shows more diffuse calcification in the right coronary artery. The plaques were interpreted as non-obstructive
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exposed cancer survivors. Certainly aggressive secondary
preventive measures are indicated. It is our practice to
carefully educate patients regarding signs and symptoms that
would indicate worsening of the coronary atherosclerosis,
ventricular function, and or valve disease and how to react to
such indicators. We see radiation survivors with subclinical
or clinically manifest cardiovascular disease in the clinic
at least once or twice a year and have a low threshold for
follow-up evaluations based on the clinical presentation.
This can be challenging since as a consequence of radia-
tion therapy (with or without chemotherapy and surgeries)
there are frequently also abnormalities of the breasts, lung,
pleura, pericardium, chest wall structures, skin, sensory,
and autonomic nervous systems that can produce a con-
stellation of confusing signs and symptoms. Further car-
diovascular imaging is not uncommonly ordered, attempting
to minimize testing risks including additional radiation
exposure.

She did well while working as a teacher and exercising
regularly in a modified cardiac rehabilitation program until
2016 when she developed the acute onset of dyspnea on
exertion. She was diagnosed with a pulmonary embolism
and was begun on full dose anticoagulation. Her dyspnea
improved. At the time of the embolism she was being treated
with Tamoxifen, and that combined with immunoglobulin
therapy for an immunodeficiency syndrome could have
predisposed her to thromboembolism. Tamoxifen was dis-
continued in favor of Lupron. At her urging, she later
underwent oophorectomy and Lupron was discontinued.

Her dyspnea subtly returned a few months after the
diagnosis of pulmonary embolism. She underwent an exer-
cise nuclear stress test (Fig. 24.3).

The nuclear stress test showed transient ischemic dilation
and a severe reversible inferior defect. Although the positive
predictive value of nuclear stress testing after mediastinal
radiation has been questioned in asymptomatic patients [6],
exercise stress testing (with or without Lexiscan nuclear
perfusion supplementation) can be a valuable tool in the
decision for triage to cardiac catheterization and revascu-
larization particularly in symptomatic patients. Her cardiac
catheterization showed near total occlusion of the proximal
right coronary artery along with significant obstruction of the
left main coronary artery and the proximal left anterior
descending coronary artery (Fig. 24.4). This distribution of
lesions is characteristic of radiation related coronary disease
[7]. She underwent staged stenting of the right coronary, left
main, and left anterior descending coronary arteries. Exer-
tional dyspnea and exercise tolerance improved as she par-
ticipated in a cardiac rehabilitation program.

Overall patient outcome for both coronary stenting and
coronary bypass surgery are probably less favorable for
radiation survivors than for patients with classic coronary
artery disease at least in part due to non-cardiac effects of
radiation, the original cancer and non-cardiac late effects of
cancer and its therapies as illustrated in our patient. Differ-
ences in the fundamental pathophysiology of the coronary
lesions could also be playing a role (see Chap. 22) [8–12].
That said, coronary revascularization of radiation related
lesions does improve exercise tolerance and overall quality
of life. Extrapolating from the experience with “naturally
occurring” coronary artery disease, coronary interventions
for radiation related coronary disease likely prolong survival
particularly in patients with left main or proximal obstructive
left anterior descending coronary disease, severe or unstable
ischemic symptoms and in the face of left ventricular dys-
function [8–12]. When coronary stenting is possible, it is
preferred over bypass surgery because of the difficulties in
surgical exposure, post-operative healing, and pulmonary
function in the aftermath of radiation therapy [10].

Six months after the stenting procedure, the patient
experienced a rather abrupt decline in exercise tolerance
particularly noted with more vigorous exertion. During a
treadmill exercise echocardiogram stress test ordered to
investigate these complaints, she experienced the abrupt
onset of exertional fatigue as the workload was increased.
This duplicated her presenting complaint. While symp-
tomatic, her exercise electrocardiogram demonstrated
chronotropic incompetence with a sudden drop in her heart
rate as the likely cause of her symptoms (Fig. 24.5 left
panel).

At a submaximal heart rate, the immediate post-exercise
echocardiogram showed an increase in the EF compared
with baseline, a small regional wall motion abnormality and
stable mild to moderate aortic stenosis and regurgitation
(Videos 24.2 and 24.3).

Repeat cardiac catheterization showed that the coronary
stents were patent. A rate responsive permanent pacemaker
was indicated for symptom relief. Even this procedure had to
be customized for this radiation treatment survivor due to
anterior thoracic skin changes, muscle wasting, and diffi-
culties with venous access. The rate responsive pacemaker
was placed subcutaneously below the right axilla (Fig. 24.5
right panel). With that she was able to return to work and
resumed her exercise regimen.

One year later she palpated a mass in the right axilla.
Imaging revealed nodal and boney metastases. This lovely,
courageous woman succumbed to widely metastatic breast
cancer approximately 18 months after the discovery of her
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Fig. 24.3 Nuclear stress test. The arrows point to post-stress perfusion
defects seen in multiple slices in three views with relative improvement
to perfusion on the rest images below indicating a significant ischemic
burden. Note the relatively larger cavity size on the stress images

compared to rest, known as transient ischemic dilation, another
indication that there is a significant ischemic burden. HLA, Horizontal
long axis. SA, Short axis. VLA, Vertical long axis

Fig. 24.4 Coronary angiogram.
Left panel, Right coronary artery
showing virtual total occlusion at
the ostium. Right panel, >50%
obstruction of the distal left main
coronary artery (top arrow)
leading into significant ostial
lesions of the left anterior
descending (2nd top arrow) and
left circumflex coronary artery
(bottom arrow)
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axillary mass. During the therapies for metastatic breast
cancer, she had no further cardiac events.

24.2 Case 2. Coronary Artery Disease
Associated with Radiation Therapy
for Breast Cancer

Key Points

• For radiation doses traditionally used for left-sided breast
cancer, there is no threshold effect between radiation dose
and subsequent ASCVD.

• Atherosclerotic risk from radiation is proportionate to the
dose to the heart and amplified by traditional cardiac risk
factors .

• Risk-benefit discussions are key, especially with older
women who have multiple cardiac risk factors .

• It is logical, but unproven, that aggressive management of
risk factors for atherosclerotic disease will reduce the
incidence of cardiac events following exposure of the
heart and vasculature to radiation.

A 61-year-old woman with left-sided breast cancer underwent
a wide local excision and sentinel lymph node biopsy on
7/13/2013. Past medical history was positive for obesity,
sleep apnea, diabetes, hypertension, and hyperlipidemia.
A preoperative nuclear stress test done at an outside institution
in 2010 was reported as normal, done before lap band surgery.

Pathology from the breast surgery revealed 0.8 cm poorly
differentiated invasive ductal carcinoma as well as ductal
carcinoma in situ of high nuclear grade with a solid

architecture. Margins were widely negative and none of the
four sampled lymph nodes were involved with disease.
Immunohisto-chemistry was ER/PR negative, HER-2 nega-
tive. Adjuvant chemotherapy treatment with cyclophos-
phamide, methotrexate, and fluorouracil was started
9/30/2013 and completed by April of 2014. Radiation ther-
apy for locoregional control and breast cancer-specific sur-
vival was recommended but because of breast surgery
wound infections, it was not started until 4/23/14 and then
completed by 5/30/14. She received 15MV photons for a
dose of 5000 cGy in 25 fractions. The treatment plan
included a prone set up with opposed-tangential ports tar-
geting the whole left breast. Considering the N0 clinical and
pathological stage, nodal irradiation was not indicated nor
was a boost dose to the lumpectomy cavity indicated
because of her age over 60.

Two years later during evaluation for possible varicose
vein surgery, she was noted to have a left renal mass on
pelvic MRI. Biopsy revealed renal cell carcinoma. The
General Internal Medicine service ordered a pharmacologic
nuclear stress test and a resting echocardiogram for preop-
erative risk stratification because of her multiple risk factors ,
limited exercise tolerance, and dyspnea on exertion
(Fig. 24.6, Video 24.4).

The evidence is compelling that there is a benefit of
adjuvant radiotherapy in breast cancer in reducing local
recurrences and deaths from cancer but there has been excess
mortality from heart disease in some women administered
radiation [13]. In the early trials, left-sided breast cancer
radiation was associated with higher mortality from ischemic
heart disease compared with right-sided cancer. The

Fig. 24.5 Left panel, EKG during stress test done for return of
symptoms following coronary stenting. Heart rate abruptly drops from
125 to 75 BPM coinciding with the patient’s complaints of exertion
related SOB and fatigue. Right panel, Rate response pacemaker had to

be placed in the right axillary line due to radiation related skin and
muscle changes and difficulties with venous access. With rate
responsive pacing, exercise tolerance improved with disappearance of
the bouts of acute onset exercise related fatigue and dyspnea
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coronary related mortality rates are probably lower with
modern radiation methods (see Chap. 22). The pathophysi-
ology of radiation-induced heart disease involves microan-
giopathy of the small vessels as well as macroangiopathy of
the coronary arteries resulting in fibrosis of the myocardium,
coronary artery disease, and eventually ischemic heart dis-
ease [14].

The landmark case-control study by Darby et al. [13] of
major coronary events (i.e., myocardial infarction, coronary
revascularization, or death from ischemic heart disease) in
2168 women who underwent radiotherapy for breast cancer
between 1958 and 2001 in Sweden and Denmark prompted a
re-examination of breast cancer treatments because of car-
diovascular disease concerns, especially among women with
multiple cardiac risk factors . In that study, rates of major
coronary events increased linearly with the mean dose to the
heart by 7.4% per gray with no apparent lower threshold.
The increase started within the first 5 years after radiother-
apy and continued into the third decade after radiotherapy.
Women with preexisting cardiac risk factors had greater
absolute increases in risk from radiotherapy than other
women. To use an example from Darby’s manuscript, a
mean dose of radiation to the heart of 3 Gy in a 50-year-old
woman with one or more cardiac risk factors would increase
her risk of death from ischemic heart disease before the age

of 80 years from 3.4 to 4.1% (an absolute increase of 0.7
percentage points), and it would increase her absolute risk of
having an acute coronary event by the age of 80 years by
1.7% points. A mean dose of 10 Gy to her heart would result
in radiation related risks that were higher. Although the risk
grows to be considerable for a woman with multiple risk
factors , the risk accumulates over many years and the large
majority of women so exposed do not experience a cardiac
event [12].

These revelations have catalyzed further efforts to
develop radiation strategies that optimize breast cancer
treatment while minimizing cardiac risks. Thus, although the
field is changing, instituting best practice for a given patient
is greatly challenging. That is, for our patient, did the benefit
of RT exceed the cardiac risk, and what is the best approach
to administering the radiation? At the start, cardiologists,
oncologists, radiation therapists need to conference with the
patient to promote understanding of all the options. Our
patient was treated in 2014 with modern techniques. Yet the
time course and location of the coronary stenoses found 2
years later are certainly consistent with radiation related
coronary disease (Figs. 24.7 and 24.8).

A decision was made to manage the coronary disease
medically with an aggressive secondary prevention regi-
men. She underwent an uncomplicated left nephrectomy.

REST EKG PEAK STRESS EKG

Fig. 24.6 EKGs and myocardial perfusion images from a pharmaco-
logic PET stress test. Baseline EKG is normal, peak stress EKG shows
horizontal ST-segment depression in the inferior leads. PET perfusion
shows a reversible anterior apical and apical perfusion defect (arrows

show the stress perfusion defect). The distribution of the perfusion
defects is characteristic of mid-left anterior descending coronary artery
disease after left-side breast radiation
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25Radiation Injury to the Heart, Great Vessels,
and Their Branches

Vera I. Potievskaya, Albert A. Akhobekov, Olga E. Popovkina,
Elena V. Kononova, Dmitriy O. Nadinskiy, and Valeriy V. Kucherov

Key Points

• One of the most common indications for radiation ther-
apy of the mediastinum is Hodgkin lymphoma [1].

• Hodgkin lymphoma is the most common malignancy in
young patients with an estimated incidence of 3 cases per
100 000 population.

• Ten-year survival is more than 80% [2, 3].
• The incidence of coronary artery disease in patients with

Hodgkin lymphoma 40 years after radiation therapy is
approximately 60%. The risk of ischemic heart disease
and myocardial infarction is 3.2-fold and twofold higher
than in the general population, respectively [3, 4].

• Vascular disease is often insidious and delayed in onset,
with precise prediction of the location and extent of
clinically important vascular damage within the radiation
field difficult.

25.1 Case 1: Radiation Injury to the Heart
and Brachiocephalic Vessels

A 55-year-old patient was admitted to our clinic in 2018
with recurrent pneumonia and signs and symptoms of severe
heart failure whose beginning was dated to six months
earlier. Hodgkin lymphoma had been diagnosed in 1996
treated with radiation and chemotherapy. Sustained remis-
sion was achieved.

On presentation, ECG showed sinus rhythm at 77 bpm
with ventricular extrasystoles, Q wave in III, and lateral
ST-T changes (Fig. 25.1). Transthoracic echocardiography
(TTE) revealed a dilated left ventricle (LV) with thrombosis
of the apex of the LV, LV posterior and lateral wall akinesia
and posteroseptal wall hypokinesia. The global contractility
of the LV was reduced with LV ejection fraction (LVEF) of
30%. There was calcification of the aortic root and aortic
cusps with valvular aortic insufficiency (2+) and aortic valve
stenosis (peak gradient 35 mm Hg). There was mitral valve
insufficiency 3+ and stenosis. The systolic pressure in the
pulmonary artery was elevated at 50 mm Hg (Figs. 25.2,
25.3, 25.4 and 25.5).

Coronary angiography and angiography of the brachio-
cephalic arteries were performed. Right dominant coronary
circulation, 55% stenosis of the left main coronary artery,
50% stenosis at the junction of the middle and distal left
anterior descending artery. Total occlusion of the circumflex
artery with post occlusion segment supplied through col-
lateral vessels and long subtotal stenosis of the proximal
segment of the first obtuse marginal branch were revealed.
The right coronary artery was occluded at the ostium, and
the post-occlusion segment is supplied through collateral
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Ventricular extrasystole

Q wave

Q wave

Fig. 25.1 EKG with inferior q wave. Ventricular extrasystole

Thrombus at the apex 

Fig. 25.2 Thrombus at the apex
of the LV on transthoracic
echocardiography
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Max PG

AV stenosis

Fig. 25.3 Aortic stenosis on
transthoracic echocardiography
imaging and Doppler

Aor�c regurgita�on on color doppler transthoracic 
echocardiography .

Aor�c regurgita�on 

Fig. 25.4 Aortic insufficiency on
color Doppler transthoracic
echocardiography
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vessels. There was subtotal stenosis of the brachiocephalic
trunk. Figs. 25.6, 25.7, 25.8 and 25.9; Videos 25.1, 25.2,
25.3 and 25.4.

Stenting of the brachiocephalic trunk was performed
while stenting of the obtuse marginal branch and CX was
attempted but unsuccessful.

The patient received guideline-directed optimal medical
therapy for ischemic heart disease and heart failure, antico-
agulation therapy for LV thrombus and significant
improvement has been achieved. LVEF increased to 42%,
and the degree of the mitral valve insufficiency decreased

MV stenosis

PG

Fig. 25.5 Mitral stenosis.
Transthoracic echocardiography

LMCA stenosis 55%

Fig. 25.6 LMCA stenosis 55%. Coronary angiography, LAO cranial
view. LAO, Left anterior cranial oblique; LMCA, Left main coronary
artery

Total occlusion of the CX

Fig. 25.7 Total occlusion of the CX. Obtuse marginal branch 1—
subtotal stenosis. Coronary angiography, AP caudal view. AP caudal,
Anterior–posterior caudal oblique; CX, Circumflex artery
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from 3+ to 2+; PA systolic pressure decreased from 50 to
41 mm Hg. A thrombus at the apex of the LV was resolved.

25.1.1 Discussion

This case illustrates an extreme degree of cardiac compli-
cations from chemotherapy and radiation for Hodgkin lym-
phoma becoming clinically manifest more than 20 years
after the delivery of life-saving therapy. This patient had
coronary artery disease, heart failure, myocardial infarction
complicated by a thrombus at the apex of the LV, and
damage to the aortic and mitral valves, and to the brachio-
cephalic artery.

It is possible but not clearly proven that earlier inter-
ventions in such a survivor using ACE inhibitors, ARBs,
beta-blockers, statins, and antiplatelet drugs could prevent or
at least delay the onset of these devastating complications.
Too many survivors of childhood, adolescent or young adult
cancers are “lost to follow up”.

25.2 Case 2. Radiation Injury to the Carotid

A 55-year-old woman with the history of Hodgkin lym-
phoma underwent radiation therapy in 1991, including the
mediastinal area and neck. She did have some risk factors for
atherosclerosis—high blood pressure (BP) (max BP
210/100 mm Hg, regular home BP 140–150/90 mm Hg) and
obesity (body mass index [BMI] is 35.1). She had no dia-
betes mellitus, never smoked, no family history of early
heart disease, normal physical activity of daily living and
acceptable level of total cholesterol of 5.23 mmol/l, low
density lipoprotein levels (LDL) at 3.68 mmol/l, high den-
sity lipoprotein (HDL) at 1.2 mmol/l. Cardiovascular disease
risk SCORE was 1–2%.

In 2006, she suffered a left-sided stroke and in 2012 had
undergone stenting of a left-sided 75% stenosis of the
internal carotid artery. Since that time she was treated with
losartan 50 mg per day and 100 mg acetylsalicylic acid per
day.

In 2016, a routine follow-up echocardiogram revealed
mild aortic stenosis and regurgitation. In May of 2020 the
patient underwent routine cardiology assessment prior to
mastectomy for breast cancer. She complained of dyspnea
during moderate physical exertion, more pronounced in the
cold.

Duplex ultrasound demonstrated 45% stenosis of the
subclavian artery, 25–30% stenosis in the stented internal
coronary artery (ICA) (Figs. 25.10 and 25.11). Her ECG

Total occlusion of the RCA 

Fig. 25.8 Total occlusion of the RCA. Coronary angiography, LAO
view. LAO, Left anterior oblique; RCA, Right coronary artery

Brachiocephalic trunk subtotal stenosis

Fig. 25.9 Brachiocephalic trunk subtotal stenosis. Angiography

Fig. 25.10 Duplex ultrasound. 45% stenosis of the subclavian artery
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showed sinus rhythm with heart rate of 65 bpm, voltage
criteria of left ventricular hypertrophy with secondary ST-T
changes in left-sided leads. Echocardiogram reported normal
ejection fraction of 64% (Simpson), normal local contrac-
tility, and previous aortic flow changes. Pre-test probability
of obstructive coronary artery disease using standard criteria

was only 9% [5], but due to the mediastinal radiation therapy
almost 30 years ago an exercise electrocardiogram was
performed to help assess the operative risk given her
symptoms of dyspnea.

The exercise ECG revealed asymptomatic horizontal ST
segment depression in leads II, III, aVF, V5-6 up to 1.5 mm
at the first stage of Bruce protocol exercise test continued till
8 min at rest. BP response was normal (Fig. 25.12). This
result was followed up with invasive angiography of the
coronary arteries which revealed only minimal signs of
atherosclerosis (Videos 25.5 and 25.6). One could have
argued that for this symptomatic woman with hypertension,
maybe LVH on EKG and low-to-intermediate pre-test
probability of CAD, an imaging stress test was indicated
rather than an EKG stress test. However, one of the prob-
lems in managing cancer survivors exposed to significant
radiation is the often nonspecific nature of their symptoms,
poor exercise tolerance and frankly imprecise methods by
which to estimate their pre-test likelihood for CAD (5–7).

The patient was treated with azilsartan medoxomil/
chlorthalidone 40/12,5 mg, bisoprolol 5 mg, amlodipine
5 mg, acetylsalicylic acid 75 mg, atorvastatin 40 mg.
The BP decreased to normal values, the dyspnea disappeared
and targeted values of LDL-C have been reached. Mastec-
tomy was performed successfully.

Fig. 25.11 Duplex ultrasound. 25–30% stenosis in the stented internal
carotid artery
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Fig. 25.12 The exercise ECG. Horizontal depression of the ST segment in leads II, III, aVF, V5-6 up to 1.5 mm from the first stage of the load up
to 8 min of the rest
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Fig. 25.12 (continued)
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26Cardiac Constriction and Restriction After
Chest Radiotherapy for Hodgkin’s
Lymphoma and Breast Cancer

Marina V. Vitsenya, Alexandra V. Potekhina, and Jennifer E. Liu

Key Points

• Mediastinal irradiation can potentially affect all structures
within the radiation field. Patients with radiation-induced
heart disease (RIHD) may manifest inflammation, fibro-
sis, and calcification in varying degrees involving the
pericardium, myocardium, great vessels, valves, coronary
arteries, lungs, and diaphragm [1].

• Constrictive pericarditis can occur years after mediastinal
radiotherapy. Although pericardiectomy is the definitive
treatment, the short- and long-term post-surgical outcome
is poor given the coexistence of other radiation-induced
abnormalities such as premature coronary artery disease,
valvular disease, and restrictive cardiomyopathy, as well
as radiation-induced lung damage.

• Most patients with radiation-induced constrictive peri-
carditis will also have restrictive physiology as a result of
radiation-induced myocardial fibrosis. Constrictive peri-
carditis and restrictive cardiomyopathy can be difficult to
differentiate in patients with RIHD given their similar
clinical presentations.

• Determining the predominant pathology of the clinical
presentation is essential as treatment is different for each
cardiac abnormality. Non-invasive multimodality imag-
ing plays a major role in the evaluation of cardiac con-
striction and restriction in patients with RIHD.

• Standardized surveillance and screening have not been
established given the protracted time course and the
heterogeneity of the presentation among different indi-
viduals. Until further data become available, diligent
assessment with follow-up testing dictated by patient risk
profile and clinical suspicion is the best practice for the
evaluation of the late cardiovascular (CV) effects of
radiation.

A 51-year-old woman who was diagnosed with Hodgkin’s
lymphoma at age 26 (1995) and treated at that time with
anthracycline-containing chemotherapy and radiation ther-
apy to the chest, paraportal region and spleen (treatment
doses not available). In 2011, she was diagnosed with syn-
chronous bilateral T1N0M0 HER2 positive breast cancer.
A single-stage bilateral mastectomy was performed, followed
by the administration of adjuvant chemotherapy with pacli-
taxel and sequential targeted therapy with trastuzumab. The
patient was asymptomatic until 2012 when palpitations and
shortness of breath during exercise appeared. She underwent
an echocardiogram which revealed normal-sized cardiac
chambers with moderately decreased left ventricular ejection
fraction (LVEF 40%) and mild pericardial effusion. Chest
X-ray demonstrated pulmonary venous congestion and
bilateral moderate hydrothorax. She was initiated on heart
failure treatment, including beta blocker, angiotensin-
converting enzyme inhibitor (ACEI), and diuretic therapy,
which improved her symptoms. Trastuzumab was discon-
tinued and replaced with an aromatase inhibitor.

Patient was lost to medical follow-up until 2018 when she
presented with decompensated heart failure requiring hos-
pital admission. Her NT-proBNP was 1764 pg/ml and 6-min
walk distance was 166 m. She was also noted to have
chronic kidney disease, stage 3b/4. Computed tomography
scan of the lungs demonstrated post-radiation lung fibrosis
as well as pericardial thickening, calcification of the coro-
nary arteries, and aortic root (Fig. 26.1).
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Given her complex medical condition, she was trans-
ferred to Russian National Medical Research Center of
Cardiology for further care. Due to her prior mastectomy and
lung disease, the quality of her echocardiogram was tech-
nically difficult but the study showed normal-sized heart
chambers and mildly reduced LVEF (46%) with a calculated
cardiac index of 1.8 l/min/m2 and pulmonary artery systolic
pressure (PASP) of 57 mm Hg. It also showed increased
central venous pressure (plethoric inferior vena cava), aortic
and mitral valve calcification with moderate regurgitations,
and pericardial thickening with signs of both constrictive and
restrictive heart disease (Videos 26.1 and 26.2; Figs. 26.1,
26.2 and 26.3). Cardiac MRI was not performed due to
patient’s claustrophobia. She was consulted by a multidis-
ciplinary heart team to discuss the need for catheterization
and the risk/benefit of possible pericardiectomy. The patient
was deemed to be at very high risk for surgical treatment due
to her chronic kidney disease, other radiation-induced heart
diseases including heart failure with restrictive physiology,
and post-radiation lung damage. A decision was made to
continue medical treatment with loop diuretics,
beta-blockers, and ACE inhibitors, which required careful

titration due to systemic hypotension. During 15 months of
follow-up, there was a slight improvement in exercise tol-
erance (6-MWD increased to 285 m) with no further hos-
pitalization for heart failure exacerbation. The patient
remained clinically stable in NYHA class II-III on medical
management with carvedilol, fosinopril, furosemide, and
rosuvastatin.

Pericardial disease is a frequent manifestation of RIHD.
Acute pericarditis can occur early during treatment, which is
generally benign and extremely rare with modern radiation
techniques. Chronic, delayed pericardial effusion with and
without constriction can occur in up to 20% of patients,
frequently many years after treatment. Chronic pericardial
inflammation causes fibrous thickening of the pericardium.
The parietal surface is generally more damaged with
replacement of pericardial fat by collagen. Constrictive
pericarditis can present 10 or more years after mediastinal
radiotherapy due to the development of a fibrotic and cal-
cified pericardial sac. The clinical manifestation of con-
strictive pericarditis can range from a few non-specific
symptoms to clinical heart failure. Medical management
includes diuretics and beta blockers, though pericardiectomy

Fig. 26.1 Lung CT scans (Nov 2018) demonstrating post-radiation
fibrosis - fibroatelectasis in the paramediastinal parts of lungs, traction
bronchiectasis in the upper and middle lobes, lost volume of the left

lung and right-sided hydrothorax (right panel), pericardial thickening
(left panel, arrow), calcification of the coronary arteries and aortic root
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is the definitive treatment. However, patients with radiation-
related constrictive pericarditis have worse early and late
outcomes after pericardiectomy as compared to patients with
idiopathic or infectious pericarditis due to the coexistence of
other radiation-related cardiac lesions, including restrictive
cardiomyopathy, premature coronary artery disease, and
valvular disease, as well as post-radiation lung disease [2].
The predictors of poor overall survival after pericardiectomy
include prior radiation, worse renal function, higher PASP,
and abnormal left ventricular systolic function [3, 4].

Most patients with radiation-induced heart disease will
have some degree of restrictive physiology due to the

radiation-induced myocardial fibrosis which is commonly
seen in autopsy series. Myocardial fibrosis can result in a
wide spectrum of myocardial dysfunction ranging from
asymptomatic mild diastolic dysfunction to severe restric-
tive filling with overt heart failure. Myocardial fibrosis is
typically diffuse as a result of radiation-induced
microvascular injury causing chronic ischemia in the
myocardium and replacement of myocytes with fibrosis. It
typically follows a restrictive cardiomyopathy phenotype
with normal or low normal LVEF; however, regional wall
motion abnormalities can be observed in the setting of
concurrent radiation-induced coronary artery disease.

Fig. 26.2 a Parasternal long axis view demonstrating thickening of the
pericardium (single arrow), normal-sized left ventricular chamber,
mitral valve (MV) thickening (double arrow). b Moderate mitral
regurgitation (regurgitant fraction of 31%). C. PW Doppler of the

tricuspid inflow velocity with respiratory variation (>40%). D. Longi-
tudinal strain depicted in bull's-eye map showing markedly reduced
strain in the posterior LV wall with lesser reduction in the other
segments
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Depressed LVEF with normal or dilated LV can occur
when radiotherapy is co-administered with cardiotoxic
chemotherapeutic agents such as anthracyclines or with
high doses of radiation. Patients with radiation-induced
myocardial fibrosis often present with impaired exercise
capacity with chronic tachycardia while clinical heart fail-
ure is less frequent.

Multimodality imaging plays a major role in the evalua-
tion of constrictive pericarditis and restrictive cardiomy-
opathy in RIHD. Differentiating the pathophysiology
associated with each clinical entity can be challenging as
they often coexist and share similar clinical presentations.
However, determining which pathology dominates is
essential given that treatment is different for each condition.
Various imaging techniques can be utilized to identify key
features for evaluation such as cardiac remodeling on echo
and MRI, abnormal myocardial velocities and function on
echo, pericardial pathology on CT and cMRI, and features of

Fig. 26.3 a Doppler of the mitral inflow demonstrating E/A ratio 2.2
and MV deceleration time of 100 ms. b Mitral inflow velocity with
respiratory variation of 15%. C, D. Doppler tissue imaging of medial
(c) and lateral (d) e’ velocity of 5 cm/s. The low annular velocities with

increased E/e’ of 20 are suggestive for concomitant restrictive
cardiomyopathy which could explain the absence of annular reverses
and less prominent mitral E inflow respiratory variation (<25%) in this
patient with mixed cardiac pathology

Fig. 26.4 Pericardial pathology in constrictive pericarditis. Common
findings are fibrinous exudate and pericardial fibrosis that replace
adipose tissue (arrow). Parietal pericardium is more involved than
visceral pericardium
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constrictive physiology on echo and cMRI. But despite the
armamentarium of imaging tests available, the diagnosis can
still be elusive as patients with radiation-induced heart dis-
ease are often difficult to image due to chest wall

deformities, lung disease, or breast prosthesis. Additional
echo images illustrating radiation-induced constrictive peri-
carditis and restrictive cardiomyopathy are shown in
Figs. 26.4, 26.5 and 26.6 and Videos 26.3 and 26.4.

Fig. 26.5 Hemodynamics of constrictive pericarditis as a result of the
dissociation of the intrathoracic and intracardiac pressures and exag-
gerated ventricular interdependence in diastolic filling. a Parasternal
short axis view showing prominent septal bounce (see Video 26.3 left
panel). b Apical 4 chamber view showing interventricular dependence

and respirophasic variation of the interventricular septal motion (see
Video 26.3 right panel). c Respirophasic variation of the transmitral
inflow velocities with increase on expiration and decrease on inspira-
tion. d Doppler of the hepatic venous flow with increase in flow
reversal on expiration
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Fig. 26.6 Echo phenotype of radiation induced restrictive cardiomy-
opathy. a and b Small LV cavity size with low diastolic volume and
low stroke volume (see Video 26.4). Other radiation induced cardiac
abnormalities such as valvular disease often coexist as shown. c Pulsed

wave Doppler of the mitral valve. d Tissue Doppler of the mitral
annulus with low annular velocity. Increased E/e’ suggestive of
impaired LV compliance with elevated filling pressure is consistent
with moderate diastolic dysfunction
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27Onset of Heart Failure After Anthracycline
Therapy in the Adult: Treatment
and Expectations for Recovery

Marina V. Vitsenya, Alexandra V. Potekhina, and Olga V. Stukalova

Key Points

• High-dose anthracycline (AC) treatment and comorbid
cardiovascular (CV) disease are well-known risk factors
for AC-related cardiomyopathy. But cardiac dysfunction
can develop after lower-dose AC treatment, particularly
• if accompanied by radiotherapy where the heart is in

the treatment field
• in the presence of multiple CV risk factors
• with sequential therapy with trastuzumab [1].

• AC-induced left ventricular (LV) dysfunction may be
partially or completely restored during promptly initiated
modern heart failure (HF) treatment, which is largely
determined by the time elapsed from the end of
chemotherapy [2].

27.1 Case Presentation

A 55-year-old woman underwent left mastectomy, adjuvant
AC-based chemotherapy, radiotherapy, and hormonal ther-
apy for breast cancer (cT1cN0M0, IA, RE 8, RP 8,
HER2-negative) in 2017. Despite low preexisting cardio-
vascular risks (no hypertension, diabetes, smoking, body
mass index 20 kg/m2) she met criteria to be considered at

some increased risk for developing cardiac dysfunction
(lower-dose doxorubicin treatment 240 mg/m2 in combina-
tion with left-sided radiotherapy). Echocardiogram before
starting treatment reported as normal with ejection fraction
(EF) 60%.

Fatigue, shortness of breath, and palpitations developed
in April 2018. She was admitted to a local hospital in July
2018 with pulmonary edema, systemic hypotension, and
sinus tachycardia. Echocardiography was reported to show
diffuse left ventricular (LV) hypokinesis, EF 26%, moder-
ately enlarged left-sided chambers, and moderate pulmonary
hypertension. Coronary angiography revealed normal native
coronary arteries. After recovery from this episode initial
HF treatment was continued (metoprolol succinate,
spironolactone).

She was referred to a cardio oncology center in Moscow
in October 2018-NYHA Class III, blood pressure 90/60 mm
Hg, HR 100 bpm, EF 19%, global longitudinal strain (GLS)
_Avg -4.5%, severe left chamber enlargement (iLVEDV
88 ml/m2), apical LV thrombosis, grade 3 diastolic dys-
function (MV E/A 3.3, E/e’ 18), TR Vel 3.5 m/s (Figs. 27.1
and 27.2, Video 27.1). HF therapy was optimized and
anticoagulation begun (metoprolol succinate, spironolac-
tone, ivabradine, candesartan, warfarin).

November 2018-NYHA Class II, blood pressure
100/70 mm Hg, HR 90 bpm, EF 27%,GLS_Avg −8.0%
(Fig. 27.3). Cardiac MRI demonstrated diffuse hypokinesis,
EF 24%, no evidence of scarring or myocardial infiltration,
no left ventricular thrombosis (Fig. 27.4, Video 27.2).

Candesartan was switched to sacubitril/valsartan (S/V).
Between November 2018 and May 2019, the therapy was

gradually titrated with the escalation of S/V and
de-escalation of ivabradine, and warfarin was discontinued.

May 2019 (S/V 400 mg, metoprolol succinate 25 mg per
day, spironolactone 25, ivabradine 5)—NYHA Class I,
blood pressure100/60 mm Hg, HR 52 bpm, EF 53%,
GLS_Avg −16.9%, normal-sized left chambers (iLVEDV
54 ml/m2), significant improvement in diastolic function
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(MV E/A 0.74, E/e’ 6), TR Vel 2.4 m/s (Figs. 27.2 and 27.3,
Video 27.3). Cardiac MRI confirmed cardiac functional
improvement, EF 52% (Video 27.2).

The patient remains in NYHA Class I to the current day
maintained on S/V 400 mg and metoprolol succinate
37.5 mg per day. Ventricular function remains in the mildly
abnormal range (LVEF 50–52%).

27.2 Discussion

Since there are no controlled studies of specific medical
approaches for HF associated with anticancer therapy,
treatment of these patients follows generally accepted

guidelines for therapy that was developed for HF caused by
hypertensive or ischemic heart disease [3, 4]. This case
illustrates several important points. HF can develop with
relatively low doses of anthracyclines in patients without
cardiovascular risk factors, particularly if the heart is
exposed to radiation during or after the course of therapy [1].
Second, the timing of the onset of HF is variable. The car-
diotoxicity of anthracyclines may be acute, early, or late.
Acute toxicity, predominantly supraventricular arrhythmia,
transient LV dysfunction, and electrocardiographic changes
develop in 1% of patients immediately after infusion and is
usually reversible; early-onset chronic, developing within
1 year, usually presenting as a dilated cardiomyopathy
leading to HF; late-onset chronic, developing years, or even

Fig. 27.1 Left panel: LVESV and LVEDV acquired from apical four
chamber view during biplane evaluation demonstrating severe LV
enlargement (iLVEDV 88 ml/m2) and LVEF reduction (19%) in
October 2018. Right panel: Top—From that same evaluation,

longitudinal echocardiography strain depicted in bull's-eye map
showing diffuse reduction of strain (GLS_Av −4.5%). Bottom—LV
apical thrombosis (marker)
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decades, after the end of chemotherapy [4]. However, this
classification has been challenged because rigorous moni-
toring during and after anthracycline therapy paints a dif-
ferent picture. Cardiotoxicity occurred in 9% of adults
treated with anthracyclines, and its highest incidence (98%)
was observed during the first year after the completion of
chemotherapy [5]. Many affected patients may initially be
asymptomatic, with clinical manifestations appearing only
years later, often in the context of other triggering factors,
indicating that anthracyclines may negatively affect com-
pensatory mechanisms to cardiovascular stressors. But the
current patient presented with HF well after the completion

of therapy, with no clear additional precipitants such as
sepsis, arrhythmia, or myocardial infarction.

And importantly, contrary to earlier teaching, AC-related
HF can in fact be reversible, particularly if recognized soon
after onset. The current patient responded very well to
modern therapies including ivabradine and sacubitril/
valsartan. It is important to again emphasize that careful
surveillance of patients during and after treatment is required
as LVEF recovery and cardiac event reduction may be
achieved when cardiac dysfunction is detected early
(<6 months from the end of chemotherapy) and modern HF
treatment is promptly initiated [2, 5].

Fig. 27.2 Severe diastolic dysfunction in October 2018 with echo
Doppler findings consistent with grade III diastolic dysfunction as
characterized by high LV filling pressure with restrictive filling pattern.
a Pulsed wave Doppler of mitral inflow with mitral E/A ratio of 3.3 and
deceleration time of 130 ms. b Tissue doppler imaging of the mitral

annulus with e’ velocity of 5 cm/s E/e’ of 18. Significant improvement
of diastolic function in May 2019 with mitral E/A ratio 0.74 (c) and e’
velocity 9 cm/s with E/e’ ratio of 6 consistent with normal LV filling
pressure (d)
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Fig. 27.3 Left panel: LV
volumes and bull’s-eye mapping
of strain demonstrating partial
improvement in LV systolic
function (EF 27%) and strain
values (GLS_Av −8.0%) in
November 2018. Right panel: LV
volumes and bull’s-eye mapping
of LS showing recovery of
cardiac function in May 2019—
iLVEDV 54 ml/m2, EF = 53%,
GLS_Av −16.9%
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28Heart Failure in Long-Term Survivors
of Childhood or Adolescent Cancers

Massimiliano Camilli and Giorgio Minotti

Key Points

• Ongoing cardiac surveillance is essential following
treatment of childhood cancers.

• Too often patients are “lost to follow up” as they tran-
sition from childhood to adulthood.

28.1 Introduction

In contemporary oncology, several cautionary measures
contribute to reduce the risk of on-treatment ventricular
dysfunction and heart failure (HF). These measures include
baseline evaluation of patient’s cardiovascular characteris-
tics, optimal treatment of comorbidities, and avoidance of
unnecessary high cumulative doses of anthracyclines. That
said, a risk of subclinical cardiotoxicity persists, especially
if one appreciates that even low anthracycline doses can
cause echocardiographic abnormalities that in the general
population are known to progress toward systolic dysfunc-
tion and heart failure. The progression of subclinical car-
diotoxicity toward clinically significant cardiac dysfunction
is also promoted by cardiotoxic hits that occur after frontline
treatment (second- or third-line treatments, chest radiation,
and newly developing cardiovascular morbidities). It goes

without saying that cancer patients should enter expert
programs of cardiac surveillance but lessons from real life
show that this surveillance strategy is not always doable or
properly interpreted even in primary cancer centers. With
the meritorious exception of patients followed within the
framework of some US programs (Children’s Oncology
Group Study, Childhood Cancer Survivor Study, and BMT
Survivor Study), and of some EU programs (primarily in the
Netherlands), data from cancer survivors are not systemat-
ically retrieved. Many cancer survivors are left without a
tailored surveillance. Subclinical cardiotoxicity can thus
progress asymptomatically for years or decades, leaving
cancer survivors exposed to the risk of sudden clinical
symptoms. On the other hand, the last resort cardiologist
who sees the symptomatic survivor often does not have
access to the detailed oncologic history and is thus exposed
to the challenge of treating advanced cardiac dysfunction
while having to define on-the-fly customized treatment and
follow-up modalities which may or may not best suit that
patient. Describing this worst-case scenario is a good
starting point with which to familiarize the reader with the
entity of heart failure in long-term cancer survivors.

In childhood or adult cancer survivors the diagnosis of
delayed cardiomyopathy should meet American Heart
Association/American College of Cardiology criteria for
cardiac compromise [1] and oncologic anamnestic infor-
mation as described in reports or clinical practice guidelines
from the International Late Effects of Childhood Cancer
Guideline Harmonization Group [2] and the American
Society of Clinical Oncology Survivorship Guidelines
Advisory Group [3]:

1. Signs and/or symptoms:
a. Dyspnea
b. Orthopnea
c. Fatigue
d. Edema
e. Hepatomegaly and/or rales
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2. Or, in the absence of signs and/or symptoms:
a. Ejection fraction � 40%
b. and/or fractional shortening � 28%

3. History of:
a. Anthracycline
b. Anthracycline-trastuzumab
c. Mitoxantrone
d. Kinase inhibitors
e. Chest radiation (particularly mediastinal or left-sided)
f. Bone marrow transplant

Childhood cancer survivors carry a 5- to 15-fold higher risk
of developing cardiomyopathy when compared with the gen-
eral population [4]. The prevalence of cardiomyopathy aver-
ages 10% in adult cancer patients at one-year follow-up and
slowly increases thereafter [5]. Cancer therapy-related delayed
cardiomyopathy and heart failure (HF), usually but not always
characterized by a reduced ejection fraction (HFrEF), is a
complex entity that builds on multifactorial processes. The
vast majority of information derives from survivors treated
with anthracyclines or anthracycline-like drugs (e.g., mitox-
antrone). The risk of anthracycline-related cardiomyopathy
depends on lifetime exposure, with a cumulative dose of
400 mg/m2 of doxorubicin equivalent being conventionally
associated with 5% risk of HF in adults. However, children are
inherently more vulnerable and may develop HF after expo-
sure to significantly lower doses. Some adult patients may also
develop HF after cumulative anthracycline doses that were
thought to be safe [6]. Remarkable interpatient variability
therefore occurs, which suggests that genetic predisposition
may play a role. Single nucleotide polymorphism of genes
involved in anthracycline distribution/elimination and
bioactivation/detoxification have been invoked to explain why
some patients are more vulnerable than others. An underlying
familial cardiomyopathy may render patients more vulnerable
to anthracycline toxicity [7]. That said, any childhood or adult
cancer survivor with a history of � 250 mg of doxorubicin/
m2 should receive survivor-tailored surveillance. This thresh-
old is nonetheless an approximation; less than 250 mg of
doxorubicin equivalent should warrant surveillance if the
patient was also treated with chest radiation and/or other
potentially cardiotoxic drugs [2, 3]. Other treatment-related
procedures, most notably bone marrow transplant, introduce
an additional risk of delayed cardiomyopathy [8].

Modifiable cardiovascular risk factors (hypertension,
diabetes, dyslipidemia) represent additional variables to
consider in the setting of delayed cardiomyopathy and HF.
Approximately 80% of childhood cancer survivors develop
at least one chronic condition by age 45. Fifty-year-old
survivors may well develop multiple chronic conditions that
overlap with and predispose to cardiomyopathy and HF [9].
In as much as chronic conditions develop and eventually

surface as the survivor ages and no longer attends follow-up
visits at the primary center where he/she was treated for
cancer, an opportunity to intercept and aggressively treat
cardiovascular morbidities is lost. As for adult cancer sur-
vivors, pre-existing comorbidities or unfavorable lifestyle
play an intuitive role in increasing the risk of cancer
treatment-related cardiovascular events. Despite that risk, the
available evidence shows that cancer survivors tend to
accumulate more comorbidities than seen in the general
population [10]. Subclinical cardiotoxicity from anthracy-
clines may therefore deteriorate and progress to HF by
conspiring with risk factors that mature after ending
chemotherapy. Again, survivor-tailored surveillance should
be warranted for at-risk patients, providing an opportunity
for tailored pharmacologic treatment of risk factors. Thus,
expert surveillance does not only serve to intercept signs and
symptoms of a progressive deterioration of cardiac structure
and function, but can also break the vicious cycle between
cancer treatment-related and comorbidity-related cardiotox-
icity. Lack of surveillance should therefore be considered as
an independent risk factor of delayed cardiomyopathy and
HF.

28.2 Clinical Case: Acute Heart Failure
in a Seemingly Healthy Adult

28.2.1 Case Presentation

• 37-year-old Caucasian male admitted to the emergency
department

• Complaint of progressively worsening dyspnea over two
weeks

• Agitation, tachypnea, tachycardia, hypotension, oliguria,
jugular distension, pulmonary rales.

• No apparent CV risk factor
• No familial history of cardiomyopathy and sudden death

(confirmed by normal cardiologic assessment of parents
and first-degree relatives).

28.2.2 Diagnostic Findings

• Chest X-ray: diffuse signs of alveolar pulmonary edema
• ECG: sinus tachycardia (125 bpm), nonspecific ST/T

wave abnormalities in infero-lateral leads, no signs of
acute myocardial ischemia (Fig. 28.1)

• Pulmonary computed tomography angiography: absence
of pulmonary embolism

• Coronary angiography: absence of obstructive coronary
artery disease (Fig. 28.2)
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• Trans-thoracic 2D echocardiography: Bi-ventricular sev-
ere systolic dysfunction (left ventricular ejection fraction
[LVEF] 20%; tricuspid annular plane systolic excursion
[TAPSE] 10 mm; right ventricular fractional area change
[RVFAC] 26%; LV end systolic volume of 81 ml/m2;
global hypokinesia; reduced wall thickness; mild-to-
moderate increase of left atrium volume (84 ml); mod-
erate functional mitral and tricuspid regurgitation; and
elevated estimated arterial systolic pulmonary pressure
(65 mmHg) (Fig. 28.3)

• Cardiac magnetic resonance: Severe bi-ventricular dys-
function with diffuse reduction in cardiac mass and wall

thickness; absence of late gadolinium enhancement
(possible marker of fibrosis) or edema at T2-weighted
sequences; absence of LV apical thrombus at early
gadolinium enhancement sequences for microvascular
obstruction (Fig. 28.4; Videos 28.1, 28.2 and 28.3)

• Laboratory: significantly increased NT-proBNP
(16,000 pg/mL, institutional cut-off at 150 pg/mL);
moderately increased troponin I (0.560 ng/mL, institu-
tional cut-off at 0.04 ng/mL); normal C-reactive protein;
bacterial, viral and immunologic panels negative for
agents of acute myocarditis.

Fig. 28.1 ECG at admission. Sinus rhythm, tachycardia, non specific ST/T wave abnormalities in infero-lateral leads

Fig. 28.2 Coronary angiography. Absence of stenosis in the right (A) and left (B and C) epicardial coronary arteries
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Fig. 28.3 End diastolic and end systolic frames of trans-thoracic 2D
echocardiography. Main findings: severe left ventricular dilation,
bi-ventricular dilation, severe systolic dysfunction (LVEF 20%,
Tricuspid Annular Plane Systolic Excursion [TAPSE] 10 mm, Right

Ventricular Fractional Area Change [RVFAC] 26%), global hypokine-
sia. A 4-chamber end diastolic volume; B 4-chamber end systolic
volume

Fig. 28.4 Cardiac magnetic resonance. A (short-axis view) denotes
absence of late gadiolinium enhancement; B (4-chamber view at end
systole) and C (4-chamber view at end diastole) show significant
bi-ventricular dysfunction, left ventricular dilatation and diffuse wall

thinning; D (short-axis view) shows T2-weighted sequences without
signs of myocardial edema; E–F (short axis view at mid-ventricular and
apical level) show microvascular obstruction sequences with absence of
LV apical thrombosis
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28.2.3 Oncologic Anamnesis

Diagnostic findings ruled out most common causes of
cardiogenic shock (acute coronary syndrome, Takotsubo
syndrome, pulmonary embolism, viral or bacterial or
autoimmune myocarditis, familial cardiomyopathy) .
Anamnestic deepening therefore focused on patient’s treat-
ment for childhood cancer.

• Diagnosis of mediastinal diffuse large B cell non-
Hodgkin lymphoma at the age of 8

• Frontline oncologic treatment with six cycles of CHOP
regimen
(cyclophosphamide/doxorubicin/vincristine/prednisone,
cumulative doxorubicin dose of 300 mg/m2)

• Tumor refractoriness
• High dose cytarabine and mitoxantrone as salvage ther-

apy (mitoxantrone cumulative dose of 30 mg/m2, corre-
sponding to 300 mg of doxorubicin/m2)

• Autologous stem cell transplantation as last treatment
• No chest radiation
• Patient’s reporting of cardiac follow-up with trans-

thoracic echocardiography until the age 23 (no records
available, patient’s reporting of normal findings)

• No cardiologic follow-up from the age of 23 to 37 when
acute HF occurred.

28.3 Diagnosis of Cancer Treatment-Related
Cardiomyopathy and Late Onset Heart
Failure

On the basis of the patient’s oncologic history, three major risks
of cancer treatment-related cardiomyopathy were identified:

• High anthracycline cumulative dose (600 mg/m2

[300 mg of doxorubicin + 300 mg of mitoxantrone])
• Bone marrow transplantation
• Lack of survivor-tailored surveillance over the last

14 years (as opposed to recommended lifelong surveil-
lance with echocardiography for any survivor treated
with � 250 mg/m2) [2]

It was therefore concluded that the patient carried a high
risk of cancer treatment-related cardiomyopathy which pro-
gressed asymptomatically due to insufficient surveillance
and eventually decompensated into acute HF.

28.4 Pharmacotherapy and Outcome

• Patient discharged after 12 days hospitalization (NT-
proBNP at 2,880 pg/ml).

• Medical therapy: b blocker (carvedilol), potassium-
sparing diuretic (canrenone), neprilysin inhibitor/
angiotensin receptor blocker (sacubitril/valsartan at
maximum tolerated doses of 49/51 mg bid).

• At three months follow-up: New York Heart Association
functional class I; LVEF 45%, RVFAC 45%, mild mitral
and tricuspid regurgitation at trans-thoracic echocardiog-
raphy; NT-proBNP at 478 pg/mL.

• Similar echocardiographic findings at six months
follow-up.

• Two years follow-up: Same findings as those at six
months (Fig. 28.5) and Nt-proBNP at 120 pg/mL.

28.5 Conclusions

We summarized a case in which anthracycline cumulative
dose, bone marrow transplantation, and lack of
survivor-tailored surveillance conspired in exposing a
childhood cancer survivor to the risk of chronic cardiomy-
opathy that acutely decompensated into HF 29 years after
oncologic treatment. This is the most worrying scenario
cardiologists may be faced with in the settings of cancer
survivorship [11]. The prolonged absence of expert
survivor-tailored cardiac follow-up allowed cardiomyopathy
to progress asymptomatically.

The inexorable decrements of LVEF, changes in diastolic
function, and myocardial strain could have easily been
intercepted over the years had the survivor been assigned to
a cardiology team conversant in cardiotoxicity from cancer
drugs. Serial follow-up visits with echocardiography remain
mandatory in these patients. On a different note, this clinical
case shows that even the worst scenario can be satisfactorily
managed with appropriate pharmacotherapy. Sacubitril/
valsartan, which has improved medical therapy of HFrEF
associated with hypertensive and atherosclerotic cardiovas-
cular diseases, also presents valuable opportunities for
patients with cancer treatment-related HF [11].

Video 28.1. Cardiac magnetic resonance (4-chamber
view). Significant bi-ventricular dysfunction, left ventricular
dilatation, diffuse wall thinning, moderate mitral regurgita-
tion. RV, Right ventricle; LV, Left ventricle.
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Video 28.2. Cardiac magnetic resonance (short-axis
view). Significant bi-ventricular dysfunction, left ventricu-
lar dilatation, diffuse wall thinning.

Video 28.3. Trans-thoracic echocardiogram (long-axis
view) at 2 years follow-up. Improvement and stability in
bi-ventricular systolic function and reduction of left ven-
tricular volumes.
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29Health Care Disparities in Cardio-Oncology

Michelle N. Johnson

Key Points

• Black populations have higher prevalence of hyperten-
sion and diabetes and bear a disproportionate burden of
cardiovascular disease. Blacks continue to have worse
outcomes with the highest death rates and lowest survival
from most cancers of any racial or ethnic group.

• Treatment is too often delayed such that both cancer and
cardiovascular diseases are treated at a later stage.

Disparities between blacks and whites with respect to
comorbidities, health outcomes and access to care have all
been well documented. Black populations have higher
prevalence of risk factors for cardiovascular disease, specifi-
cally hypertension and diabetes, and bear a disproportionate
burden of cardiovascular disease [1, 2]. Differences in the
incidence of disease and disease outcomes also exist in the
arena of oncology where blacks continue to have worse out-
comes with the highest death rates and lowest survival from
most cancers of any racial or ethnic group [3–5]. Given that
hypertension, diabetes and cardiovascular disease all increase
the risk of cardiac complications from many forms of onco-
logic care, the question of whether this population also
experiences disparate rates of cardiac complications from
oncologic care and whether any such differences could con-
tribute to the gap in cancer outcomes requires investigation.

The following cases illustrate examples of complications
from chemotherapy, the impact of advanced cancer and heart
disease at the time of presentation which required more

potentially cardiotoxic treatment, and the impact of multiple
cardiovascular comorbidities on the cancer treatment course.

29.1 Case 1

• Delay in definitive treatment.
• Cardiomyopathy and anthracyclines

A 45-year-old premenopausal black woman felt an axil-
lary mass in February. She had last been seen by a physician
some five years prior because her primary care a physician
had retired. She presented for medical care and was referred
for an ultrasound and bilateral mammogram at the end of
April. Ultrasound revealed three masses.

She was referred for biopsy which revealed invasive ductal
carcinoma ER 90%, PR 20%, HER2. PET-CT was performed
in June and confirmed the presence of a 1.8 cm nodule in the
left breast and two large left axillary lymph nodes.

The patient was seen by a surgeon for a second opinion in
mid-August, six months after she had discovered the breast
mass. She had had no interim interventions since her CT in
June. Surgerywas recommended and she underwent left partial
mastectomy and axillary dissection with 3/17 nodes positive.

She had no history of HTN, NIDDM or CAD. Her
pre-treatment echocardiogram was normal. She underwent
treatment with dose dense doxorubicin, cyclophosphamide
and Taxol, receiving a total of 240 mg/m2 of doxorubicin.
She received letrozole thereafter. She was followed for two
years post treatment and then was lost to follow-up for two
years. She then presented to an outside hospital with pro-
gressive shortness of breath.

Transthoracic echocardiogram (TTE) revealed severely
reduced LV function with an ejection fraction of 17%, with
grade III diastolic dysfunction (Fig. 29.1, Video 29.1). She
was started on lisinopril and metoprolol. Subsequently
lisinopril was changed to Entresto. She was referred for
ischemia evaluation with PET/CT.
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PET scan showed a markedly dilated LV, with hetero-
geneous uptake of radiotracer, EF 22%, no evidence of
myocardial infarct or stress-induced ischemia and a calcium
score of 0 (Fig. 29.2). Her ejection fraction remained
unchanged and it was recommended that she received an
AICD. She expressed concerns about the invasive nature of
this procedure and whether it would be visible to her
employers and whether this would interfere with her ability
to work. After several discussions on the topic she agreed to
AICD placement.

Anthracyclines are among the best-studied oncologic
agents with respect to cardiotoxicity. There are however
limited data comparing the incidence of anthracycline
(AC) induced cardiotoxicity (CT) by race/ethnicity. Among
adult survivors of childhood cancers different rates of
developing AC cardiomyopathy between blacks and whites
have been documented [6]. Blacks had a relative risk of 1.7
of developing CT versus whites—with CT defined as con-
gestive heart failure, decrease in ejection fraction prompting
interruption of treatment, or sudden death felt to be due to
cardiac causes. Other data supporting an increased risk in
black Americans include a retrospective review of patients in
a university registry where the rate of AC cardiomyopathy
amongst these patients was three times higher than the
generally stated rates. In addition, a meta-analysis supported
the finding of increased risk in black Americans [7, 8]. Risk
factors for AC cardiac toxicity include coronary artery dis-
ease and obesity [9]. Black Americans have higher rates of
both risk factors than whites. Larger studies are needed to
document rates of AC cardiotoxicity by race as well as the
potential impact of aggressive risk factor modification at
redressing any differences in outcomes.

Studies have shown improvement in outcomes with ear-
lier detection of CT [10]. Whether there is role for increased
surveillance in these high risk women also deserves evalu-
ation. The black woman in this case was not undergoing
routine mammography and detected her own tumor by
self-examination, she had a relatively long delay between
diagnosis and cancer surgery, and did not receive recom-
mended post anthracycline cardiac monitoring. These factors
are well-known contributors to worse cancer and cardio-
vascular outcomes in women with breast cancer, regardless
of any yet to be discovered outcome differences based on
race alone. It is important to note that this patient consented
to aggressive guideline-directed medical therapy and AICD
placement, a testimonial to the patient’s improved health
awareness and the effectiveness of committed health care
providers working in a system that can deliver patient edu-
cation and state-of-the-art therapies.

29.2 Case 2

• Impact of multiple cardiovascular comorbidities on
treatment course

• Late stage of disease at the time of diagnosis.

A 52-year-old black male presented with a mechanical
fall and hip fracture which was found to be a pathologic
fracture. He was in acute renal failure with hyperkalemia,
hypercalcemia and profound anemia on presentation. He was
started on dialysis. Biopsy showed the fractures to be due to
myeloma lytic lesions. He had good exercise capacity and no
known cardiac history before starting chemotherapy. He

Diastole Systole

Fig. 29.1 Transthoracic echocardiogram (TTE) on presentation with dyspnea on exercise showing severely reduced LV function with an ejection
fraction of 17%, with grade III diastolic dysfunction
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reportedly had normal LV function, EF 75% on his
pre-chemotherapy TTE. He received cyclophosphamide,
bortezomib, dexamethasone for 1.5 cycles and was switched
to carfilzomib, cyclophosphamide and dexamethasone. At
this time he was diagnosed with hypertension and was
treated with lisinopril. He then sought a second opinion. He
was referred to cardiology for risk stratification for possible
autologous stem cell transplant and had an ECG and
echocardiogram performed.

He underwent CTA to evaluate for CAD (Figs. 29.3 and
29.4, Video 29.2).

CTA revealed non-obstructive CAD (Fig. 29.5); <50%
obstruction in left anterior descending and right coronary
arteries and non-luminal narrowing in left main.

He was deemed at increased risk for stem cell transplant
given his CAD, renal failure and cardiomyopathy; however,
given his young age and good functional capacity the
decision was made to offer him transplant with dose-reduced
cyclophosphamide. He had successful transplant but
remained on HD with difficult-to-control hypertension.

Studies of multiple myeloma by race and ethnicity doc-
ument later presentations and more advanced disease in
blacks at the time of diagnosis [11]. Studies have also shown

that black multiple myeloma patients are less likely to be
deemed eligible for transplant. Treatment at NCCN centers
is associated with a better prognosis [12]. The impact of
cardiovascular comorbidities in black multiple myeloma
patients is an area that deserves further investigation.

29.3 Case 3

• Multiple cardiovascular comorbidities and cardiovascular
events interrupting the use of first-line agents for onco-
logic care

• Delay in diagnosis
• Late stage at the time of diagnosis increasing the need for

adjuvant therapies with cardiotoxicities.

A 60-year-old black man with history of hypertension,
obesity (BMI 45) and leiomyosarcoma referred for cardiac
evaluation of newly diagnosed cardiomyopathy.

The patient was initially seen by his urologist for a lump
in the scrotal wall. Over the subsequent six months the mass
increased in size and there were also two additional lesions
noted. He then had excision of the left scrotal lesion with

Fig. 29.2 Cardiac PET to assess
for CAD. PET scan showed a
markedly dilated LV, with
heterogeneous uptake of
radiotracer, EF 22%, no evidence
of myocardial infarct or
stress-induced ischemia. Calcium
score of 0 on accompanying CT
scan
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pathology showing high-grade leiomyosarcoma. He had
positive surgical margins and underwent re-excision and
scrotal reconstruction with adjuvant external beam radiation
treatment. Some months later chest X-ray showed new
lesions, suggestive of metastatic disease. While waiting for
biopsy he presented to an outside institution with blurry

vision and difficulty with language comprehension. A CT of
the head without contrast showed a non-hemorrhagic infarct
involving the inferior left parieto-occipital junction with
mild mass effect. He was evaluated by neurology and
underwent brain MRI which confirmed CT finding and
revealed no masses. He had an unremarkable CT angiogram

Fig. 29.3 ECG with LVH

Diastole                              Systole

Fig. 29.4 TTE showed new mildly reduced LV function, concentric left ventricular hypertrophy EF 50%

270 M. N. Johnson



of the neck and had a transesophageal echocardiogram
which showed no evidence of clot but noted mild left ven-
tricular dysfunction. The stroke was attributed to hyperten-
sive vascular disease. He was discharged on ASA and
carvedilol. He was seen by his oncologist who referred to
cardiology for further cardiovascular management and
assessment prior to gemcitabine and docetaxel therapy. He
was referred for repeat evaluation of left ventricular function.

Transthoracic echocardiogram showed an EF of 40–45%
with hypokinesis of inferior basal segment and anterior
septum (Fig. 29.6). He was referred for ischemia evaluation
with cardiac PET (Fig. 29.7).

Evaluation revealed moderately reduced left ventricular
function with EF of 40–45% with mild global hypokinesia,
possible septal infarct with no evidence of ischemia. Mildly
dilated left ventricular size. Coronary calcium score was
1013.

He was started on guideline-directed medical therapy for
LV dysfunction with ACEI and beta blockers in addition to
his ASA and statin. He had subsequent improvement in EF
to 50%. He was then started on trametinib but developed
CHF with reduction in EF to 40%. He was treated with
pazopanib which was interrupted due to development of
hypertensive episodes. He had progression of disease at

Fig. 29.5 CTA showing non-obstructive CAD

End SystoleEnd Diastole

Fig. 29.6 TTE with EF of 40–45% with hypokinesis of inferior basal segment and anterior septum
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which point a conference was held involving the patient,
oncology and cardiology services. Oncology recommended
anthracycline therapy as the best agent for disease suppres-
sion. While he was deemed at increased risk of cardiac
complications given his reduced EF, it was agreed to try a
palliative course of anthracyclines with careful cardiac
monitoring. He had no change in his EF but his malignancy
proved unresponsive to this course of treatment. He ulti-
mately succumbed to progression of disease.

These cases illustrate how cardio-oncological complica-
tions can occur in the setting of comorbidities such as
hypertension, diabetes and coronary artery disease all of
which have been associated with worse overall cancer sur-
vival [13, 14]. Differences in stage at diagnosis between
blacks and whites have been repeatedly documented. Later
stage disease in blacks translates to lower surgical cure rates
for cancer and therefore may require more frequent use of
neoadjuvant or adjuvant chemotherapy which increases risk
of exposure to potentially cardio-toxic agents. In turn, later
stage presentations require more complex decision-making
and close communication among health care providers, the

patient and his/her significant others. These already difficult
decisions are made even more so by a lack of data specific to
the black patient, adverse socioeconomic circumstances and
by health care consumers who are often unfamiliar with and
somewhat skeptical of the intentions of the health care
system. Outcomes in cancer care have been shown to vary
markedly based on where patients receive care. Issues of
access may also impact cardio-oncologic sequelae from
treatment. Differences in access cause disparate oncologic
outcomes, and multiple studies have shown that equalization
of access significantly reduces difference in outcomes [15].

Differences in referral patterns to practitioners versed in
cardio oncology and to survivorship clinics may well follow
the pattern of uptake of other new cardiovascular treatment
developments, namely slower application to blacks than to
whites. Difference in enrollment in clinical trials leads to an
underestimation or under appreciation of cardiac complica-
tions in black patients [16]. Certainly, advancing health
equity in cardio-oncology will require earlier and broader
access for the black patient to investigations, diagnostics and
therapeutics.

Fig. 29.7 Cardiac
PET-moderately reduced left
ventricular function, EF
calculated at 40–45% with mild
global hypokinesia and dilated
thin walled left ventricle. Top row
(s) stress, bottom row rest in three
orthogonal planes. Maybe some
subtle fixed defect consistent with
an infarct in the septum which
was suggested by hypokinesis on
the echocardiogram, but no
evidence for ischemia. There was
evidence for atherosclerosis as
indicated by the elevated
coronary calcium score of 1013
on the accompanying CT scan
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30Cardio-Oncology Practice in the Community

Diego Sadler, L. Steven Zukerman, Lance Berger, Mahim Kapoor,
Jacobo Kirsch, Kevin Leung, and Luis Hernandez

Key Points

There are currently 17 million cancer survivors in the United
States [1]. Cancer patients have a 2–6 times higher cardio-
vascular mortality risk than the general population, and
cardiovascular mortality is evident throughout the contin-
uum of cancer care [2]. Furthermore, for those patients with
effective cancer treatments and declining cancer mortality,
cardiovascular disease management becomes critical to
improve outcomes and reduce overall mortality [2,3]. Mul-
tiple factors result in decreased healthcare access and poor
outcomes for these patients [4]. At the present time,
cardio-oncology programs exist predominately in large,
academic, quaternary institutions [5]. The American College
of Cardiology’s National Cardio-Oncology Survey [6]
identified specific barriers which might limit the

implementation of cardio-oncology programs, including:
lack of funding, limited interest, lack of infrastructure, and
lack of educational opportunities. Furthermore, cardiovas-
cular testing indications that are not covered by medical
insurance like post-radiation non-invasive cardiac testing for
surveillance, biomarkers during chemotherapy treatment,
and cardiac magnetic resonance used for early detection of
cardiac effects of cancer-related therapies may present an
additional obstacle to establishing cardio-oncology
programs.

There is a need to improve access to care at the local, state,
and national level. In Florida, we recently reported a
practical model to start and maintain a successful
cardio-oncology program without additional financial
resources that can be reproduced in a variety of different
practice settings to improve access to care [7]. Programs in
the community can succeed by active participation and
engagement with professional societies. We developed a
collaborative program between the Florida Chapter of the
American College of Cardiology and the Florida American
Society of Clinical Oncology to assess the educational needs
of both cardiologists and oncologists and subsequently
developed educational materials to help bridge the identified
knowledge gaps [8,9]. To further expand our access to care
platform, we worked towards a large, multistate network
that includes members from 19 ACC state chapters, 6
ASCO chapters, and 9 countries with International
Cardio-Oncology Society (ICOS) affiliated chapters from
both academic and private practice settings. This network is
a platform for multiple current [10] and future collabora-
tions. Different models have emerged to expand access to
care in the community.

A practice model based in New Jersey has proposed
protocols and algorithms for community-based
cardio-oncology: Despite the obvious progress and growth
of academic cardio-oncology, a significant majority of
patients with cardio-oncology needs are served at smaller
institutions in the community setting. The New Jersey model
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focuses on the following points to successfully evaluate and
treat the cardio-oncology patient in the community:

The effective management of complex cardio-oncology
cases can be quite challenging in both the academic and the
community practice settings. Limited resources and lack of
standardized protocols may pose additional obstacles. In this
chapter, we present patients with complex cardiovascular
issues related to cancer treatment where cardiovascular
imaging was critical for diagnosis, treatment guidance,
management, and monitoring. Patients from the Florida
practice (Sects. 30.1, 30.2, 30.3 and 30.4) and the New
Jersey practice (Sects. 30.5, 30.6, 30.7 and 30.8) are
presented.

30.1 Case 1. Use of Cardiac
Resynchronization Therapy To Improve
Left Ventricular (LV) Systolic Function
and Allow Initiation of Trastuzumab
Therapy in a HER2 + Breast Cancer
Patient with Non-ischemic
Cardiomyopathy and Left Bundle
Branch Block (LBBB)

• Patients with HER2 positive breast cancer with abnormal
baseline LV function are at high risk for cardio-toxicity.
A recent pilot study has shown the potential feasibility of
trastuzumab therapy for asymptomatic patients with LV
ejection fraction (LVEF) >40% when supported with
cardioprotective treatment with carvedilol and ACE
inhibitors [11].
This is a 75-year-old woman with multifocal HER2neu 3
+ breast cancer, with history of hypertension, diabetes,
and non-ischemic cardiomyopathy as proven by cardiac
catheterization in 2017. Baseline echocardiogram showed
normal LV size with an LVEF of 30%. Cardiac MRI
was consistent with a non-ischemic cardiomyopathy
with no scar or late gadolinium enhancement
(LGE) and dilated LV with LVEF 31%. Given her
severely reduced LV systolic function, she was deemed
high risk for neoadjuvant trastuzumab treatment. She
was treated with carvedilol and ACE inhibitors and un-
derwent a right partial mastectomy. She had no
improvement in her LV systolic function despite guide-
line directed medical therapy with LVEF remaining
at 30–35%. A very low global longitudinal strain (GLS)
of 8.8% was also noted. She had a LBBB on the ECG.
She underwent biventricular implantable
cardioverter-defibrillator (ICD) insertion with cardiac
resynchronization capability (CRT-D). Post-CRT-D
echocardiogram, her LVEF improved to 44%. She was
started on trastuzumab immediately after documenta-
tion of improvement of LVEF post-CRT-D. CRT-D

interrogation showed 100% bi-V pacing. Echocardio-
gram after starting trastsuzumab showed a stable LVEF
at 45%. This case shows a possible new approach with
CRT-D to allow treatment with trastuzumab in patients
with LBBB and non-ischemic cardiomyopathy
(Figs. 30.1, 30.2 and 30.3, Videos 30.1 and 30.2).

30.2 Case 2. Patient with Multiple Myeloma,
AL Cardiac Amyloidosis, Stem Cell
Transplant, and Recurrent Disease

• Patients with multiple myeloma can present with
co-existing cardiac AL amyloidosis. Management can be
challenging, including various chemotherapy regimens,
stem cell transplant, and immunotherapy. They do not
respond to classic heart failure treatment medications like
ACE inhibitors and beta blockers. Cardiac imaging and
biomarkers are useful to assess prognosis, monitor dis-
ease progression, and treatment.
This is a 70-year-old male presented with dyspnea and
elevated kappa (17.8 mg/dL) and lambda (201 mg/dL)
light chains diagnosed with monoclonal gammopathy,
and bone marrow biopsy positive for multiple myeloma in
early 2018. He had a troponin <0.01 ng/ml but elevated
pro-BNP of 1178 pg/ml. Cardiac MRI showed circum-
ferential myocardial thickening with mild global
hypokinesis and patchy areas of persistent enhancement
suggestive of infiltrative cardiomyopathy. Fat pad biopsy
was negative for amyloid. Patient declined
endo-myocardial biopsy. He continued treatment with
cyclophosphamide, bortezomib, and dexamethasone.
A clinical diagnosis of cardiac AL amyloidosis was made
despite the negative fat pad biopsy based on the elevated
pro-BNP, cardiac MRI, and an echocardiogram that
showed a small LV, moderate left ventricular hypertrophy
with “sparkling” appearance, and a normal LVEF = 74
± 5% (2-D biplane) with Grade II left ventricular dias-
tolic dysfunction. Reduced GLS of −11.1% with apical
sparing pattern was highly suggestive of amyloidosis as
was the EKG with low voltage QRS. He subsequently
underwent stem cell transplant. He was treated with
furosemide 40 mg and spironolactone 25 mg daily. His
labs were notable for D-dimer 4520, pro-BNP
5663, and troponin 0.023. CT angiography was nega-
tive for pulmonary embolism. He had a favorable hema-
tological response with monoclonal antibody therapy
showing a progressive decrease of lambda light chains
from 265 to 85 mg/dL, but he still had dyspnea on
exertion on furosemide, spironolactone, and metolazone.
Follow up echocardiogram showed moderate concentric
LVH with mildly reduced LVEF 50% by 2-D, 48% by
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3-D and reduced strain GLS −12.2%. This case illustrates
the difficulties and challenges of cardiovascular manage-
ment for these patients in spite of favorable hematological
response (Fig. 30.4, Video 30.3).

30.3 Case 3. Thrombotic Complication
of Ovarian Hyperstimulation
in a Patient with Breast Cancer
Followed by Cardiac Toxicity
from Doxorubicin

• Young patients with breast cancer can undergo ovarian
hyperstimulation and cryopreservation prior to initiation
of chemotherapy for fertility preservation. This practice is
associated with increased risk of thrombotic complica-
tions [12] and can become an additional cardiovascular
risk to cancer-related treatment.

This is a 28-year-old female with Stage IIIB (cT2, cN3,
cM0, G2, ER + , PR + , HER2-) right breast infiltrating
ductal carcinoma. Her PET scan showed + FDG avidity
in right breast, right axillary lymph nodes, and right
internal mammary chain lymph nodes. She underwent
ovarian hyperstimulation and next day was admitted with
bilateral pleural effusions and right atrial thrombus,
consistent with ovarian hyperstimulation syndrome. She
started anticoagulation with intravenous heparin, subse-
quently switched to apixaban, and completed neoadju-
vant treatment with dose dense AC (doxorubicin and
cyclophosphamide) and subsequently underwent mas-
tectomy. Echocardiogram post-ovarian stimulation prior
to treatment: LVEF 50%, normal RV, right atrium with a
partially mobile atrial mass attached to the posterior lat-
eral free wall measured 1.43 � 1.34 cm, right ventricu-
lar systolic pressure of 43 mmHg. Cardiac MRI
confirmed the 13 � 16 � 11 mm non-enhancing right
atrial mass near the IVC connected to tip of the catheter

Fig. 30.1 Baseline echocardiogram (top): LVEF 30–35% with
dyskinesis from LBBB in apical four-chamber views (end diastolic
frame, left), and end systolic frame (right). Baseline global longitudinal

strain (GLS) (bottom): Very low GLS of −8.8%. (apical three-chamber
view)
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consistent with a thrombus and normal LVEF with no
pericardial effusion. After second dose of AC, LVEF
decreased to 45% with mild global hypokinesis. She
started low dose carvedilol for cardio-protection (limited
by low blood pressure), had echo monitoring and

biomarkers every 3–4 weeks. She received doses 3 and 4
of dose dense AC with off label dexrazoxane for cardiac
protection and completed Taxol 12/12 prior to mastec-
tomy. Post-treatment echocardiogram: LVEF 57% by
2-D, 50% by 3-D, GLS normal at −18.8%. Normal right

Fig. 30.2 Cardiac MRI: Top: Four-chamber balanced Steady-State
Free Precession sequence: LV dilatation with moderate to severe global
hypokinesis and septal dyskinesis. End diastolic frame (left) and end
systolic frame (right) Bottom: Short Axis and two-chamber

Phase-Sensitive Inversion Recovery sequence images (myocardial
delayed enhancement imaging) showing appropriate nulling of the
myocardial signal consistent with absence of underlying fibrosis, scar,
or infiltrative process

Fig. 30.3 LV Ejection fraction 44% post-CRT-D implantation seen in apical four-chamber view (left: end diastolic frame, right: end systolic
frame). Pacemaker wire noticed in right ventricle (arrow)
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atrium. Right atrial thrombus was small, significantly
improved compared to previous echocardiogram
(Figs. 30.5 and 30.6, Videos 30.4 and 30.5).

30.4 Case 4. Check Point Inhibitor
Myocarditis and Myasthenia Gravis
in a Patient with Thymic Epithelial
Tumor After Treatment
with Pembrolizumab

• Pembrolizumab, an immune checkpoint inhibitor, is an
IgG4 antibody that blocks interaction between pro-
grammed cell death protein 1 and programmed
death-ligand 1. Myocarditis, an immune-related adverse
event, has been reported in thymic epithelial tumors.
Pembrolizumab has also been associated with
development/exacerbation of myasthenia gravis
(MG) [13].

A 70-year-old woman with metastatic thymic cancer
presented to the hospital with shortness of breath,
21 days after initiation of pembrolizumab and was sub-
sequently intubated due to respiratory failure. Her tro-
ponin levels were elevated with an electrocardiogram
suspicious for myocardial infarction, but a coronary
angiogram revealed normal coronary arteries and
endo-myocardial biopsy confirmed the presence of
myocarditis with lymphocytic infiltrates and myonecro-
sis. A dual-chamber pacemaker was placed due to com-
plete heart block with asystole. Treatment was started
with high-dose intravenous methylprednisolone and her
cardiovascular status improved. However, the patient was
unable to be weaned from mechanical ventilation and
tested positive for acetylcholine receptor
binding/blocking antibodies due to de novo MG. This
case shows how pembrolizumab, a check point inhibitor
is associated with increased risk of cardiovascular and
neuromuscular adverse effects, particularly in patients
with thymic epithelial tumors (Figs. 30.7, 30.8 and 30.9).

Fig. 30.4 Cardiac AL amyloidosis echocardiogram: apical
two-chamber views end diastolic frame (top left) and end systolic
frame (top right) and short axis view (bottom left): show moderate LVH
with “sparkling” appearance, small LV cavity, EF 64%. Bottom center:
Polar map illustrates reduced global longitudinal strain −11.1% with
apical sparing pattern with reduced strain of basal segments and

preserved strain at the apex, highly suggestive of cardiac amyloidosis.
Bottom right: Cardiac MRI: Short Axis Phase-Sensitive Inversion
Recovery sequence image (myocardial delayed enhancement imaging)
shows diffuse poor nulling of the myocardial signal consistent with the
presence of a myocardial infiltrative process
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30.5 Case 5. Variant Angina and Coronary
Vasospasm Due to Adjuvant
Capecitabine (Xeloda) in Triple
Negative Breast Cancer in the Absence
Cardiovascular Risk Factors
or Pre-existing CAD

• Capecitabine is an oral pro-drug of 5-fluoruracil (5-FU).
While 5-FU is well known to cause endothelin-1 medi-
ated endothelial dysfunction and subsequent coronary
vasospasm, cases of variant angina associated with
capecitabine therapy are less frequently described in the
literature and under-recognized clinically.

• Shared decision-making is required to guide treatment.
A trial of anti-anginal therapy can be utilized for mild
cases, but termination of capecitabine is recommended
for more severe cases.

A 52-year-old female without cardiovascular risk factors
or cardiovascular disease was diagnosed with triple negative,
stage 1 breast cancer. Pre-chemotherapy transthoracic echo
(TTE) was normal, with EF 67% and GLS −24.8%. She
underwent neoadjuvant chemotherapy with dose dense
anthracycline, cyclophosphamide, and taxol (doxorubicin
total dose 240 mg/m2) followed by double mastectomy with
negative lymph nodes. TTE 6 months post-anthracycline
showed EF 66% and GLS −24.1%. Subsequently, she was
treated with adjuvant capecitabine at 1000 mg/m2 twice
daily for 14 days every 3 weeks for 8 cycles. Since her first
cycle of capecitabine, she noted exertional sub-sternal chest
discomfort, burning quality, with radiation to the jaw, and
relieved with rest. Her symptoms were present only when
taking capecitabine and were not present in between cycles.
Resting ECG was normal. Exercise ECG with myocardial
perfusion imaging (in between capecitabine cycle) showed
normal exercise capacity, no ischemic ST changes, and

Fig. 30.5 Top left: 2-D echocardiogram shows rounded right atrial
mass next to port catheter seen, measuring 1.43 � 1.34 cm in still
image. Top right: MRI Short Axis Perfusion sequence during

intravenous administration of contrast shows a non-enhancing
hypo-intense mass in the right atrium Bottom: Resolving right atrial
thrombus post-anticoagulation with apixaban
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normal myocardial perfusion imaging. Given her typical
angina despite normal exercise stress myocardial perfusion
imaging, a coronary computed tomography angiogram
(CCTA) was performed, which showed no coronary artery
disease and a coronary artery calcium score of 0. The
working diagnosis was vasospastic angina and amlodipine
5 mg daily and isosorbide mononitrate 30 mg daily were
started which provided symptomatic relief with no further
chest pain despite subsequent capecitabine dosing. Exercise
testing in the midst of capecitabine dosing could have pro-
ven that ischemia was responsible for her chest pain but
given her favorable clinical response to amlodipine and
nitrates, this tact adds some small risk without clear clinical
benefit. After discussion with her oncologist, capecitabine
therapy was shortened to 6 cycles and anti-anginal medica-
tions were discontinued after completion of treatment.

Patient remained asymptomatic on routine surveillance in
survivorship clinic.

Capecitabine has been shown to be effective in prolong-
ing disease-free survival and overall survival among patients
with HER2 negative invasive breast cancer after neoadjuvant
chemotherapy and standard surgery [14] and has therapeutic
effects in a range of other cancers. Oral capecitabine is
absorbed by the gastrointestinal tract and metabolized to
5-FU in vivo. The cardiotoxic effects of 5-FU (usually
administered as IV infusion) are well described, but cape-
citabine induced vasospasm has only rarely been reported
[15–18]. This case highlights the importance of awareness
among community cardiologists and oncologists to recog-
nize the lesser known side effects of common chemothera-
peutic agents (Figs. 30.10 and 30.11).

Fig. 30.6 Improved LV systolic function after cardioprotective
strategy with carvedilol and dexrozaxane. LVEF 57% seen in
parasternal long axis views (Top left: end diastolic frame; top right:

end systolic frame) and apical four-chamber views (End diastolic frame
bottom left; end systolic frame bottom right)

30 Cardio-Oncology Practice in the Community 281



30.6 Case 6. Radiation-Induced CAD
and Aortic Stenosis

• Chest radiation, primarily when administered to patients
with breast cancer or lymphoma, can result in severe
proximal coronary artery disease (CAD) or valvular heart
disease.

• Screening measures should be implemented in appropri-
ate patients to evaluate for cardiovascular complications.

A 53-year-old man had a history of diabetes mellitus,
hyperlipidemia, and Hodgkin’s Disease diagnosed in 1985
(at the age of 18). He was treated with mechlorethamine
hydrochloride, vincristine, procarbazine, prednisone
(MOPP) and adriamycin, bleomycin, vinblastine, dacar-
bazine (ABVD) followed by radiation therapy to the chest.
He was referred to a cardiologist in May 2014 after a systolic
murmur was heard, and an echo at that time revealed mild
aortic stenosis (AS). He was lost to follow-up until April
2018, at which time a repeat echo revealed moderate AS. An

Fig. 30.7 Electrocardiography revealed a new right bundle branch
block, with T-wave inversions in I and aVL, poor R-wave progression,
ST elevation in precordial leads, and Q-waves in anterolateral leads,

suggestive of anterior myocardial infarction (From Szuchan et al. [13];
with permission from Oxford University Press.)

Fig. 30.8 Coronary angiography
revealed normal coronary artery
anatomy, as seen in left anterior
oblique—cranial (a) and right
anterior oblique—cranial
(b) views (From Szuchan et al.
[13]; with permission from
Oxford University Press.)
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echo in April 2019 was consistent with moderate-severe AS.
In August 2019 he presented with dyspnea with minimal
exertion and new T-wave inversions in the anterior leads.
Right and left heart catheterization revealed moderate-severe
AS (AVA 0.98 cm2) (Fig. 30.12) and the LAD with 95%

proximal stenosis (Fig. 30.13). The patient underwent suc-
cessful DES-LAD in September 2019. He subsequently
underwent TAVR for progressive symptomatic severe AS in
March 2020.

Fig. 30.9 Endomyocardial biopsy: a and c Light micrograph of a
biopsy sample of myocardium. The endocardium surrounds the entire
biopsy piece (blue fibrous tissue in c). The normal endocardium is seen
in the right lower corner of the piece. The remainder of the
endocardium is much thicker and shows mononuclear cells as well as
spindle shaped cells (fibroblasts) indicating a repair process. The
myocardium shows abundant inflammatory infiltrate as well as areas of

interstitial fibrosis (blue stain in c). b and d Higher magnification shows
the inflammatory infiltrates (predominantly lymphocytes and macro-
phages with a minor component of neutrophils and eosinophils) which
encroach and separate the myocyte bundles. The interstitial fibrosis is
more subtle but present (blue in d), indicating a repair process ongoing
concomitantly with the inflammatory process (From Szuchan et al.
[13]; with permission from Oxford University Press)

Fig. 30.10 SPECT (Single
Positron Emitted Computed
Tomography) images showing
normal myocardial perfusion in
all segments
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There is an increased risk of radiation-induced CAD in
patients with Hodgkin’s disease who were exposed to chest
radiation at an age younger than 25 years old that further
increases proportionally to total radiation dose and lack of
cardiac shielding techniques [19]. Valvular heart disease is
also seen after mantle radiation for Hodgkin’s Disease, with
aortic stenosis being the most common valvular abnormality

[20]. The diagnosis of radiation-induced heart disease is
most commonly made in the community setting, as this is
usually identified at least 10–20 years following treatment.
With the advent of TAVR, outcomes have been shown to be
significantly better than SAVR [21]. This case highlights the
need for long-term routine screening for radiation-induced
heart disease (Videos 30.6 and 30.7).

Fig. 30.11 Coronary Computed
Tomography Angiogram (CCTA)
reformatted images reveal normal
coronary anatomy

Fig. 30.12 TTE showing severe AS on imaging (left) and color doppler (right)
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30.7 Case 7. Severe LV Dysfunction
in a Patient with Breast Cancer
and Cardiotoxic Chemotherapy Caused
by Severe Multi-Vessel CAD

• Despite the known association of LV dysfunction and
potentially cardiotoxic chemotherapy, comorbid
multi-vessel CAD must be diagnosed and treated.
A 63-year-old female with a history of hyperlipidemia
and diabetes mellitus was diagnosed with right breast
cancer in October 2018. She underwent right breast
lumpectomy and was staged and typed as T2N1 ICD
ER + /PR + /HER2 + breast cancer. She was given
Adriamycin and cyclophosphamide followed by pacli-
taxel (Taxol), (AC-T) followed by right chest radiation
for 35 sessions. In March 2019 she was started on
adjuvant Herceptin/Perjeta with an initial echo EF of 55–
60%, GLS –19.6% (Fig. 30.14). In May 2019 her EF was
50–55%, GLS –18.1%. Her EF was similar in August
2019, but her GLS was –17.4%. Low dose
carvedilol/valsartan was added. Prior to her next dose of
Herceptin/Perjeta, an echo revealed LV EF of 40–45%
with GLS –15.5%. Chemotherapy was held and a repeat
echo now revealed LV EF 30–35% and GLS –11.8%.
The patient was admitted to her local hospital with pro-
gressive dyspnea with minimal exertion, and diagnosed
with acute systolic CHF. She was treated with IV diuresis
with improvement in her symptoms, and an echo on
12/3/19 revealed LV EF 20% with a GLS of –7%
(Fig. 30.15) Coronary angiography was completed on
12/16/19 with critical stenoses in the LAD, OM1, and
possibly the RCA (Fig. 30.16) CABG surgery was

considered, but given her comorbidities and condition,
multi-vessel PCI was done. She underwent successful
DES-LAD/OM1 and the RCA was found not to be sig-
nificant by fractional flow reserve (FFR). Post-procedure
TTE on 5/11/20 showed improvement with LV EF 50–
55%, and GLS –17% (Fig. 30.17).
In this case, multi-vessel CAD was found to be the cul-
prit for her left ventricular dysfunction, and revascular-
ization led to the improvement of LV systolic function
(Videos 30.7 and 30.8).

30.8 Case 8. Radiation-Induced Carotid
Stenosis Detected on Routine
Surveillance

• Patients with head and neck cancer treated with external
beam radiation are at increased risk for developing
radiation-induced carotid stenosis (RICS) and subsequent
cerebrovascular events, events that carry high morbidity
and mortality [21].

• Protocols for screening and monitoring for RICS in these
high risk patients and referral for revascularization, when
appropriate, are of paramount importance.

A 61-year-old male with head and neck cancer was
treated with surgery, cisplatin, and radiation therapy 6 years
ago. He was referred to a local cardiologist with expertise in
cardio-oncology for risk factor management. Due to the
prior neck irradiation, the cardiologist ordered a routine,
screening duplex scan of his carotid arteries, which
demonstrated a 20–39% stenosis in the right internal carotid

Fig. 30.13 Left, angiogram
showing severe proximal LAD
stenosis. Right, showing LAD
stenosis status post-drug eluting
stent placement
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artery (ICA) and a 40–59% stenosis in the left ICA
(Fig. 30.18). He was placed on a single antiplatelet drug and
statin therapy, and routine, surveillance duplex sonography
was recommended at 1–2 years interval. At the second
surveillance duplex, there was a significant change with
increased velocities (Fig. 30.19, Video 30.9) and disordered
flow in the distal left ICA. A computed tomography angio-
gram (CTA) verified a critical (90%) stenosis (Fig. 30.20)
and he was referred for carotid artery stenting. The patient

obtained a number of opinions from different centers and
elected to undergo carotid endarterectomy which was com-
plicated by a stroke. He recovered with minor residual deficit
and subsequent studies verified a complete occlusion of his
left ICA (Fig. 30.21).

Patients with head and neck cancer treated with external
beam radiation are at increased risk for developing
radiation-induced carotid stenosis (RICS) and subsequent
cerebrovascular events, with potential for significant

Fig. 30.14 Pre-chemotherapy TTE normal ejection fraction, global longitudinal strain, and polar plot

Fig. 30.15 Abnormal TTE with severely decreased ejection fraction, severely abnormal global longitudinal strain/polar plot
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Fig. 30.16 Significant stenosis
in proximal LAD and proximal
OM1 pre- and post-percutaneous
coronary intervention

Fig. 30.17 Post-revascularization normalization of ejection fraction, global longitudinal strain, and polar plot
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Fig. 30.18 Carotid Duplex
showing moderate LICA stenosis

Fig. 30.19 Carotid Duplex
showing worsening stenosis and
higher velocities
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morbidity and mortality [22]. These patients may present
innocuously to the community cardiologist, who must rec-
ognize the potential for delayed effects of radiation. Imaging
with duplex sonography is the screening test of choice,
commencing 3–5 years after treatment with radiation [23]. If
a mild to moderate stenosis is discovered, surveillance
should be considered thereafter at periodic intervals as the
disease is different from standard atherosclerosis and can
have a more aggressive course [24]. Surveillance should be
carried out in a high quality, validated laboratory. If a severe
stenosis is suspected, angiography (computed tomography,
magnetic resonance, or digital subtraction) should be used to
verify the findings. Although the data are scant with the use

of statins, antiplatelets, and antihypertensives, it is prudent to
engage in aggressive risk factors management. Patients with
or without neurologic symptoms and a severe carotid artery
stenosis should be considered for revascularization [24]. The
standard management for carotid stenosis has been surgical
carotid endarterectomy, an operative approach had been
associated with higher complication rates, including wound
complications and cranial nerve injuries [25]. Carotid artery
stenting has been demonstrated to be equivalent to
endarterectomy [26] and given the increased risks with open
surgery in a radiated neck, it should be considered as an
alternative in RICS.

Fig. 30.20 CTA Neck showing
greater than 90% LICA stenosis

Fig. 30.21 Carotid Duplex
showing occluded LICA
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31Cardio-Oncology in the COVID-19 Era

Stephanie Feldman, Kristine Jang, Dylana Smith,
and Robert S. Copeland-Halperin

Key Points

• Chest imaging in patients with COVID-19 share features
that overlap with toxicities of radiation and immunotherapy.

• Lung cancer is prevalent among patients hospitalized
with COVID-19.

• Abnormal troponin elevation occurs in COVID-19 and is
associated with adverse outcomes.

• COVID-19 causes a systemic hyperinflammatory
response. Vascular damage has been more pronounced in
children.

• Both malignancy and COVID-19 infection are associated
with hypercoagulable states.

• Atrial and ventricular arrhythmia occur frequently in
critically ill patients with COVID-19.

31.1 Introduction

In December 2019, Wuhan city, the capital of Hubei pro-
vince in China, became the center of an outbreak of pneu-
monia caused by the virus SARS-CoV-2, designated in

February 2020 as coronavirus disease 2019 (COVID-19) by
the World Health Organization [1]. This outbreak evolved
into a global pandemic, with cases and deaths transforming
the infection into a world health crisis. Cardiovascular dis-
ease and cancer are independently associated with increased
risks for coronavirus infection and adverse outcomes from
COVID-19 [2–4]. Patients with COVID-19 develop
ischemic and non-ischemic myocardial injury, arrhythmias,
and thrombotic complications through multiple overlapping
mechanisms, which share features in common with com-
plications of cancer therapies. Pericarditis, acute coronary
syndromes, stress cardiomyopathy, myocarditis, atrial and
ventricular arrhythmia, QT-interval prolongation, and right
ventricular dysfunction reported in patients with COVID-19
bear a striking resemblance to potential cardiotoxicities of
cancer therapies. Therefore, in cancer patients infected by
SARS-CoV-2, cardiovascular complications have critical
implications for ongoing cancer treatment [5–10].

31.2 Lung Imaging in Cancer Patients
with COVID-19

Chest imaging is routine in the follow-up of patients with
cancer, and findings consistent with COVID-19 infection
occur frequently. Chest computed tomography is abnormal
in > 85% of patients with COVID-19 [11]. Typical findings
include subpleural and peripheral ground-glass opacification
and consolidation. Lung involvement is bilateral in 75% of
cases [12].

COVID-19 pneumonia shares common clinical, labora-
tory, and radiographic features with radiation and
immunotherapy related pneumonitis [13]. Clinically, radia-
tion pneumonitis typically presents with dyspnea and dry,
non-productive cough, and with fever when severe. Symp-
tomatic pneumonitis from radiation usually occurs within
3 months of the end of treatment, is more often unilateral,
and its distribution corresponds to the radiation treatment
field [14]. Elevated Westergren sedimentation rate (ESR),
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C-reactive protein (CRP), ferritin, and d-dimer, with normal
procalcitonin, characterize both radiation pneumonitis and
COVID-19 pneumonia. Lymphopenia, a hallmark feature of
COVID-19, is also common following radiotherapy, as
lymphocytes are relatively radiosensitive. Lymphocyte count
reduction was reported in as many as 67% of patients with
non-small cell lung cancer (NSCLC) undergoing chemora-
diation [15]. On imaging, radiation pneumonitis appears as
ground-glass opacities (GGO) initially, progressing to pat-
chy areas of consolidation at its peak phase [14]. Pulmonary
interstitial thickening characterizes both severe radiation
pneumonitis and COVID-19. The incidence of immune-
checkpoint inhibitor-related pneumonitis is 2.5–5% with
anti-PD-1/PD-L1 monotherapy and 7–10% with combina-
tion therapy [16, 17], and may also exhibit radiographic
features similar to COVID-19 pneumonia [18, 19].

The profound systemic inflammatory response that charac-
terizes fulminant COVID-19 initially raised concern that
immunotherapy would influence infection severity, but
observations from cohorts of cancer patients with COVID-19
receiving immune-checkpoint inhibitors (ICI) did not indicate
an association between the interval from last ICI administra-
tion and severity of COVID‐19 illness [20, 21].

31.3 Myocardial Injury in COVID-19

Myocardial injury, defined by abnormal troponin elevation,
occurs in approximately 20% of patients hospitalized with
COVID-19 and is associated with pre-existing clinical car-
diovascular disease, hypertension, diabetes, and cancer [22].
In a series of 52 patients with cancer and COVID-19,
myocardial injury was evident in 15% [23]. Troponin release
correlates with increased levels of systemic inflammatory
markers and is associated with clinical deterioration, pro-
gressive respiratory failure, and mortality [22, 24]. In one
report, among 671 patients hospitalized with COVID-19,
elevated cardiac troponin-I predicted in-hospital mortality
with an area under the ROC of 0.92 (95% confidence
interval [CI], 0.87–0.96; sensitivity 0.86, specificity 0.86;
p < 0.001) [25].

Myocardial injury in COVID-19 occurs through several
mechanisms [5, 9, 10]. SARS-CoV-2 may cause direct
myocardial damage with features of myocarditis [8].
Inflammation promotes coronary atherosclerotic plaque
rupture, endothelial dysfunction, and activation of the
coagulation cascade [6, 10]. Hypoxia, pulmonary edema,
and augmented sympathetic tone create myocardial supply–
demand mismatch and vascular and myocardial vulnerability
[10]. Inflammatory cytokines associated with the systemic
inflammatory response also cause apoptosis and necrosis of
cardiac myocytes [26]. The systemic inflammatory

syndrome mirrors cytokine storm and cytokine release syn-
drome in patients receiving novel cellular therapies such as
chimeric antigen receptor T-cells [25]. Levels of inflamma-
tory markers in serum correlate with the severity of illness
and adverse outcomes [27]. C-reactive protein (CRP) is a
particularly powerful prognosticator [15].

Electrocardiographic changes during COVID-19 infec-
tion consistent with ischemia in patients with or without
occlusive epicardial coronary disease have been reported [6,
9]. Such electrocardiographic changes consistent with
ischemia but without chemical evidence of myocardial
injury or echocardiographic features of ventricular dys-
function have been reported most often in young adult
patients [14, 28].

31.4 Coagulopathy and Thromboembolism
in Patients with Cancer and COVID-19

Patients with cancer are at five- to sevenfold greater risk of
developing venous thromboembolism (VTE) than the gen-
eral population [29, 30], due both to the malignancies
themselves and to the thrombogenic effects of some cancer
therapies. Major venous and arterial thromboembolic events
are also common in patients with COVID-19 and occur with
greater frequency in those with concomitant cardiovascular
disease [7, 31]. In a series of 198 hospitalized patients with
COVID-19, 20% were diagnosed with VTE despite routine
thromboprophylaxis [32]. Post-mortem studies give further
insight into the hypercoagulability of these patients, with
widespread pulmonary vascular thrombosis, microangiopa-
thy, and occlusion of alveolar capillaries [29, 33].

Given these findings, there has been great interest in
treating COVID-19 patients with higher dose (“intermedi-
ate”) prophylactic anticoagulation and even full-dose sys-
temic anticoagulation for prevention of VTE. Observational
data from Wuhan and Spain suggest that treatment with
systemic anticoagulation may be associated with lower
mortality [34, 35]. In view of the lack of randomized trials
and the high bleeding risk associated with systemic antico-
agulation in critically ill patients, routine pharmacologic
VTE prophylaxis is recommended in all patients hospitalized
with COVID-19 without bleeding contraindication, rather
than full-dose systemic anticoagulation for prophylaxis.

Some suggest intermediate-dose systemic anticoagulation
(i.e., enoxaparin 0.5 mg/kg sc BID) for prophylaxis [7, 36,
37]. These recommendations may change as results emerge
from ongoing randomized trials exploring anticoagulation in
patients with COVID-19 [HEP-COVID (NCT04401293),
CORIMMUNO-COAG (NCT04344756), IMPROVE
(NCT04367831), COVI-DOSE (NCT04373707), A Ran-
domized Trial of Anticoagulation Strategies in COVID-19
(NCT04359277), Safety and Efficacy of Therapeutic
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Anticoagulation on Clinical Outcomes in Hospitalized
Patients with COVID-19 (NCT04377997), Coagulopathy of
COVID-19: A Pragmatic Randomized Controlled Trial of
Therapeutic Anticoagulation Versus Standard Care
(NCT04362085)].

Low molecular weight heparins (LMWH) are preferred
over unfractionated heparin, oral anticoagulants, or platelet
inhibitors in hospitalized patients with COVID-19 and have
established safety and efficacy in patients with cancer.
Current guidelines also recommend LMWH as the preferred
agents in patients with cancer [38], but several recent trials
found direct oral anticoagulants (DOACs) non-inferior [39–
41]. In practice, vascularized tumors in the gastrointestinal
or urinary tracts may increase the risk of bleeding with oral
agents. Pancreatic cancer, associated with a higher risk of
venous thromboembolism than other common cancer types,
is one example [40]. When selecting an anticoagulant for a
patient with active malignancy, it is important to consider
pharmacodynamic interactions with chemotherapeutic
agents (DOACs are metabolized by CYP3A4 or mediated by
P-glycoprotein). Similarly, LMWH is the preferred VTE
treatment in patients with COVID-19, in part because of
limited interactions with other COVID-19 therapies, as well
as administration in fixed dosage by intermittent subcuta-
neous injection, which reduces exposure of healthcare pro-
viders to the infectious milieu, and shorter duration of action,
which facilitates interruption in case of bleeding or clinical
decompensation necessitating urgent invasive procedures [7,
36, 37]. Thrombocytopenia and renal dysfunction, common
in patients with COVID-19 and during cancer therapy, must
also be considered in medical decision-making.

31.5 COVID-19 Cytokine Release and
Systemic Inflammatory Syndrome

COVID-19 is characterized by a systemic hyperinflamma-
tory response which correlates with organ dysfunction and
adverse outcomes. Marked elevations in TNF-a, IL-1, IL-6,
and IL-8 are present in patients with severe COVID-19 [42–
44], and termed “cytokine storm.” [45, 46]. Presentation of
viral elements to the natural killer cells and CD8-positive
cytotoxic T-cells usually leads to the death of the cells
containing viral antigen. However, in COVID-19, interac-
tion of the SARS-CoV-2 virus with these cells triggers
increased activation of pro-inflammatory cytokines and
chemokines which may foment unrestrained activation of the
inflammatory system through positive feedback loops [47].

Similar unrestrained inflammatory activation character-
izes the cytokine release syndrome which may complicate
chimeric antigen receptor modified T-cells (CAR-T) cell
therapy. CAR-T cell therapy involves harvesting T-cells

from patient’s serum and genetically modifying them by
inserting the CAR gene [48–50]. These cells undergo
in vitro proliferation and are infused back to the patient.
CAR-T cells interact with the malignant or normal cells
expressing the selected antigen, activating lysis of the target
cells and cytokine secretion, one of the main mechanisms of
adverse events. Cytokine release syndrome (CRS) occurs as
a result of interferon–c (INF-c), soluble IL-2 receptor-a
TNF-a, IL-6, Il-10, and inflammatory markers such as CRP
and ferritin. Severe cases of CRS can lead to vasodilatory
shock, disseminated, intravascular coagulation, hypoxia, and
end-organ damage.

31.6 Arrhythmia in Patients with COVID-19

Both atrial and ventricular arrhythmias may be seen in
patients with COVID-19 [51] . An early report from China
reported an incidence of arrhythmias as high as 17% in
hospitalized patients with COVID-19 and higher (44%) in
patients admitted to the intensive care unit (ICU) [52]. An
increased incidence of out-of-hospital cardiac arrests in Italy
has been reported [53]. One review of 700 patients in the
Philadelphia region described the rate of cardiac arrests as
11% in patients in an ICU. The majority of these cases were
characterized by pulseless electrical activity or asystole; one
patient had the torsade de pointes form of ventricular
tachycardia [54]. The incidence of arrhythmia among
patients with COVID-19 treated with hydroxychloroquine
and azithromycin was 20.4% [55].

31.7 Vascular and Endothelial Dysfunction
in COVID-19

SARS-CoV-2 mediates endothelial dysfunction through the
release of vasodilatory substances, nitric oxide and prosta-
cyclin, and vasoconstrictors such as angiotensin-II and
endothelin-1, resulting in disruptions of vascular tone,
thrombosis, and inflammation [11]. These effects of
COVID-19 share features in common with vascular
endothelial growth factor (VEGF) inhibitors and cases of
ICI-related vasculitis. Monoclonal antibodies targeting the
VEGF receptor are used in treating multiple solid tumors and
are associated with hypertension and aortic dissection,
stroke, and arterial and venous thrombosis mediated by
effects on the vascular endothelium [56].

Immune-checkpoint inhibitors such as monoclonal anti-
bodies against CTLA-4 (cytotoxic T-lymphocyte-associated
protein 4) and PD-1 (programmed cell death 1)
T-lymphocyte receptors have emerged as effective therapies
against a variety of malignancies. Though rare, cases of
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fulminant myocarditis garnered attention, in part due to high
case mortality [57, 58], but vascular toxicity may also be
seen [59–61]. The mechanisms of these adverse events
remain incompletely understood but appreciation of the
complex interplay of host immune-responses in COVID-19
may improve understanding of these rare but important
adverse effects [59].

31.8 Clinical Cases

Despite numerous clinical observations, diagnosis and
management of COVID-19 related heart disease in patients
with cancer remains challenging. To date, no randomized
studies are available. Furthermore, because of contagion,
concerns about conservation of personal protective equip-
ment, and the safety of patients and healthcare workers,
information about the results of imaging and cardiac testing
in patients with COVID-19 is limited.

31.8.1 Case 1: A Patient Receiving
Immunotherapy for Lung Cancer Who
Developed COVID-19

A 61-year-old man with metastatic non-small cell lung
cancer and right-sided pleural effusion presented to the
emergency department with shortness of breath, cough, and
fever for 1 day. He received a second cycle of the pro-
grammed cell death protein-1 (PD-1) inhibitor pem-
brolizumab 5 days earlier. There was no significant
hypoxemia at rest measured by pulse oximetry. Reverse
transcription polymerase chain reaction (RT-PCR) testing
for SARS-CoV-2 was positive. Serum troponin-I was
0.06 ng/mL (normal < = 0.02 ng/mL), decreasing on
interval assessment. Computed tomographic radiography of
the chest demonstrated features consistent with COVID-19,
immune-checkpoint related pneumonitis, and progression of
lung cancer. The patient remained clinically stable, without
hypoxemia or fever during observation, and was discharged
home with instructions for self-isolation. While ground-glass
opacities seen on chest CT could have been caused by
COVID-19, the presence of a large, chronic pleural effusion
suggested symptoms were more likely explained by his
underlying lung cancer. Pleural effusion and lym-
phadenopathy are less commonly from COVID-19 pneu-
monia. A pleural drainage catheter was subsequently placed
with improvement in the patient’s symptoms. He remains on
pembrolizumab (Fig. 31.1).

• Chest imaging findings in patients with COVID-19 share
features that overlap those associated with toxicities of
radiation and immunotherapy for cancer.

• Lung cancer is prevalent among patients hospitalized
with COVID-19 [24, 26], explained in part by common
demographic factors, such as older age and smoking.

• Myocardial injury, defined by abnormal troponin eleva-
tion, occurs in COVID-19 and is associated with adverse
outcomes. Lower level, intermediate elevations of cardiac
troponin can occur following immune-checkpoint inhi-
bitor (ICI) treatment absent other signs/symptoms of
myocarditis.

• An important clue in this case is the absence of significant
hypoxia, which suggests the patient does not have severe
lung involvement due to COVID-19.

• In patients with COVID-19 who do not develop respira-
tory failure, abnormalities on chest CT peak approxi-
mately 10 days after the onset of symptoms [62].

31.8.2 Case 2: Pacemaker Malfunction
in a Patient with COVID-19 Receiving
Immunotherapy for Lung Cancer

A 63-year-old woman with a history of atrioventricular
conduction block, dual-chamber pacemaker implantation,
and metastatic non-small cell lung carcinoma receiving
treatment with carboplatin, pemetrexed, and pembrolizumab
presented with fever, dyspnea, and cough. RT-PCR testing
confirmed SARS-CoV-2 infection. During hospitalization,

Fig. 31.1 Chest computed tomography in a patient with lung cancer
receiving immunotherapy diagnosed with COVID-19. Salient findings
include ground glass opacities; large right-sided pleural effusion;
pericardial effusion
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telemetric monitoring demonstrated loss of capture
(Figs. 31.2 and 31.3). Serum electrolyte concentrations were
normal. Serum Interleukin-6 concentration was markedly
elevated, 116 pg/mL (ULN = 5 pg/mL). Interrogation of the
pacemaker disclosed normal electrode impedance and gen-
erator energy. Output voltage and pulse width were
increased to enable pacing. Due to worsening clinical status,
patient and family wishes, she was transitioned to
comfort-oriented care and died 6 days later.

• COVID-19 causes a systemic hyperinflammatory
response characterized by marked elevations in inflam-
matory markers including TNF-a, IL-1, IL-6, and IL-8,
which correlate with organ dysfunction and adverse
outcomes.

• Similar inflammatory reactions may occur following ICI
treatment and in the cytokine release syndrome, which
may complicate chimeric antigen receptor (CAR) T-cell
infusion therapy.

• Differential diagnostic considerations in this case, there-
fore, include ICI-related myocarditis as well as fulminant
COVID-19.

31.8.3 Case 3. Acute Pulmonary Embolism
(PE) and Right Ventricular Dysfunction
in a Patient with Pancreatic Cancer
and COVID-19

A 60-year-old man with pancreatic cancer on FOLFIRINOX
(fluorouracil, leucovorin, irinotecan, and oxaliplatin) pre-
sented with fever, cough, and worsening dyspnea.
Nasopharyngeal swab testing for SARS-CoV-2 infection by
RT-PCR returned positive and he was hospitalized because
of hypoxemia necessitating supplemental oxygen. Seven
days later, he developed acute hypoxemic respiratory failure
necessitating intubation and mechanical ventilation. The
electrocardiogram showed sinus tachycardia with new right
bundle-branch block (Fig. 31.4). Troponin-I peaked at
0.4 ng/mL (normal < 0.02 ng/ml). The plasma B-type
natriuretic peptide level was 900 pg/mL (0–100 pg/mL).
Point-of-care cardiac ultrasound (POCUS) demonstrated
dilation of the right ventricle (RV) with focal akinesis of the
free wall and preserved apical function suggesting acute PE
despite thromboprophylaxis with enoxaparin (Figs. 31.5,
31.6 and 31.7). Because of his clinical instability and acute
renal injury, he did not undergo confirmatory CT pulmonary
angiography and was treated with low molecular weight
heparin (1 mg/kg), which was continued upon discharge
after a 28-day hospitalization.

This patient developed sinus tachycardia, a new right
bundle-branch block, elevated troponin-I and BNP with
evidence of RV dilation and dysfunction suggestive of a

Fig. 31.2 Telemetry strip shows
pacemaker with inconsistent
capture
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high-intermediate-risk PE [63]. These observations could
also have been secondary to an alternative insult to the right
ventricle by COVID-19. In 105 patients hospitalized with
COVID-19 32 (31%) were found to have RV dilation (de-
fined as basal diastolic right ventricular diameter exceeding

4.1 cm in the right ventricle-focused apical view and/or
basal right to left ventricular diameter ratio of � 0.9 in the
apical 4-chamber view) [64]. RV dilation was strongly
associated with in-hospital mortality. There is also evidence
of RV dysfunction in patients who have recovered from

Fig. 31.3 Telemetric monitoring strips with arrows to some of the pacer spikes that failed to capture

Fig. 31.4 ECG Sinus tachycardia with new right bundle-branch block
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COVID-19. In a case–control study of 26 patients who
recovered from COVID-19 and reported cardiac symptoms,
fifteen (58%) had cardiac MRIs showing impaired RV sys-
tolic function [65]. The pathophysiology of the RV dys-
function is unknown, but hypothesized to be multifactorial
secondary to thrombotic events, hypoxic vasoconstriction,
cytokine milieu, and direct viral damage.

• Both malignancy and COVID-19 infection are associated
with hypercoagulable states putting patients at increased
risk of venous thromboembolism (VTE).

• Providers must consider drug interactions, thrombocy-
topenia, renal function, and optimum intensity and
duration of anticoagulant therapy for VTE treatment in
patients with malignancy and COVID-19.

• Both acute pulmonary embolism (PE) and COVID-19
infection may lead to RV dysfunction which can be
identified by multiple imaging modalities.

Fig. 31.5 Transthoracic echocardiogram: moderate RV dilation
(arrow)

Fig. 31.6 Transthoracic echocardiogram: reduced RV function by tricuspid annular plane systolic excursion (TAPSE) red arrow

31 Cardio-Oncology in the COVID-19 Era 297



31.8.4 Case 4: Fatal Arrhythmia in a Critically Ill
Patient with COVID-19

A 63-year-old woman with hypogammaglobulinemia on
intravenous immunoglobulin (IVIG) secondary to follicular
lymphoma (treated 3 years earlier with a combination of
obinutuzumab, bendamustine, and atezolizumab) was
admitted because of dyspnea, hypoxemia, and COVID-19.
Her medical history was notable for coronary angioplasty
and deployment of a drug-eluting stent 6 years before.
Chest roentgenography revealed new bibasilar patchy air-
space and reticular opacities. She was treated with antibiotics
for pneumonia and with hydroxychloroquine. She developed
progressive hypoxemic respiratory failure requiring intuba-
tion, mechanical ventilation, and prone positioning. She
became acutely hypotensive and febrile to 104 °F. The
electrocardiogram showed sinus tachycardia, ST-segment
elevation in lead aVR, and diffuse ST-segment depressions.
A POCUS showed normal LV systolic function without
regional wall motion abnormalities. She developed wide-
QRS tachycardia and increased vasopressor requirements.
Troponin-I peaked at 0.19 ng/mL (normal < 0.02 ng/ml).
Serum lactate was 7.3 mg/dL. Amiodarone was adminis-
tered, but tachyarrhythmia recurred, progressing to asystole,

and the patient died (Figs. 31.8, 31.9, 31.10, 31.11 and
31.12).

• Atrial and ventricular arrhythmia occur frequently in
critically ill patients and are common in those with
COVID-19.

• Mechanisms of arrhythmic complications include both
direct viral effects and effects of potential therapeutics,
such as hydroxychloroquine.

• Patients with cancer are exposed to additional agents
associated with QTc prolongation and arrhythmia.

31.8.5 Case 5: A Young Man with an Intestinal
Mass and a Multi-Organ Inflammatory
Syndrome

A 19-year-old with a history of childhood asthma without
recent exacerbation or current therapy presented with sudden
onset of severe abdominal pain, nausea, vomiting, and high
fever (103 °F for 3 to 4 days) during the initial surge of
COVID-19 in New York City. He denied respiratory
symptoms. A CT scan of the abdomen and pelvis with oral

Fig. 31.7 Transthoracic echocardiogram: reduced RV systolic function by myocardial systolic excursion velocity (S’) (arrow)
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and intravenous contrast and ultrasound examination of the
gallbladder demonstrated cholelithiasis without cholecysti-
tis. Empiric antibiotics were administered. The C-reactive
protein level and ESR were markedly elevated. RT-PCR
tests for SARS-CoV-2 PCR were repeatedly negative
throughout the illness.

Magnetic resonance cholangiopancreatography (MRCP)
revealed choledocholithiasis and inflammation of the
ascending colon. Troponin T peaked at 261 ng/L

(normal < 14 ng/L). The plasma NT-pro-BNP level was
5760 pg/mL (normal < 300 pg/mL). CT angiographic ima-
ges are shown (Figs. 31.13 and 31.14). Echocardiography
demonstrated severe left ventricular systolic dysfunction
(ejection fraction 35%). He became hypotensive requiring
vasopressors in the setting of rising inflammatory markers.
Emergent exploratory laparotomy revealed bilious ascites
and a hard mass in the ileocolic pedicle. Ileocolic resection
was performed with ileostomy. Pathology of the surgical

Fig. 31.8 Normal baseline ECG

Fig. 31.9 Supraventricular tachycardia in a patient with COVID-19
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specimen demonstrated transmural fibrin thrombi and
chronic inflammation of the wall of the small intestine with
focal epithelial acute inflammation and reactive changes,
mesenteric arteritis, and extensive necrosis of the lymph
nodes. Inflammatory markers and troponin down-trended
and ventricular dysfunction recovered. Antibodies to

SAR-CoV-2 were subsequently detected in the serum
(Figs. 31.13, 31.14, 31.15, 31.16 and 31.17; Videos 31.1,
31.2 and 31.3).

Kawasaki disease is an acute self-limiting, medium-vessel
arteritis most common in children and affecting the coronary
arteries in particular [66]. During the initial phase of

Fig. 31.10 Wide complex tachycardia, RBBB configuration, and ST-segment depression (black arrows) and elevation (red arrow) in patient with
COVID-19

Fig. 31.11 Rhythm slows with irregularities. ST-segment changes persist
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COVID-19 pandemic, a 30-fold increase in the incidence of
Kawasaki-like disease in children was reported. Unlike classic
Kawasaki disease, affected children were older and had
multiple organ systems involved. They also exhibited lym-
phopenia, thrombocytopenia, and increased ferritin, typical of
COVID-19. Importantly, many demonstrated serologic evi-
dence of immunologic response to SARS-CoV-2. Subsequent
reports of similar cases in the United States led to the des-
ignation multi-system inflammatory syndrome (MIS) [67].
Hallmark features include multi-organ system involvement,
including gastrointestinal (92%), cardiovascular (80%),
hematologic (76%), mucocutaneous (74%), and respiratory

(70%) systems with corresponding elevation in multiple
biomarkers of inflammation [67].

• Children with COVID-19 occasionally develop a sys-
temic inflammatory syndrome in response to the
infection

• Vascular damage has been more pronounced in children
and a similar mechanism of adverse events has been
reported with vascular endothelial growth factor (VEGF)
inhibitors and immune-checkpoint inhibitors.

• Inflammatory masses may mimic tumors.

31.8.6 Case 6: Cardiomyopathy Following
Anthracycline Chemotherapy in a Patient
with COVID-19

A 72-year-old man with diffuse large B-cell lymphoma
diagnosed in March 2020 was treated with reduced dose
R-CHOP (Rituximab, Cyclophosphamide, Doxorubicin,
Vincristine, and Prednisone). Before treatment, an echocar-
diogram in March showed normal left ventricular systolic
function (ejection fraction >50%). He developed fever and
cough in mid-April, after the first treatment cycle. Testing
for SARS-CoV-2 by RT-PCR was positive. He recovered,
but 4 weeks later repeat PCR testing for COVID-19
remained positive. In June, PCR testing results were nega-
tive. He resumed chemotherapy but developed fatigue and
palpitations. A transthoracic echocardiogram (Figs. 31.18

Fig. 31.12 Agonal rhythm

Fig. 31.13 CT angiogram of the chest, abdomen, and pelvis with
abdominal slice showing ascending colitis, terminal ileitis and a mass
(yellow arrow), mesenteric lymphadenopathy (blue arrows)

31 Cardio-Oncology in the COVID-19 Era 301



and 31.19; Videos 31.4 and 31.5) demonstrated global LV
systolic dysfunction. The electrocardiogram showed sinus
rhythm and premature atrial contractions, not significantly
changed from prior tracings. Chest CT imaging during
follow-up PET-staging demonstrated ground-glass opacities
in the lungs (Fig. 31.20). Antibodies to COVID-19 remained
undetectable 2 months later.

• Patients receiving anti-CD20 monoclonal antibodies such
as rituximab may have an impaired immunologic
response to COVID-19, characterized by failure to pro-
duce antibodies.

• Anthracyclines are associated with dose-dependent car-
diomyopathy mediated by oxidative stress and impaired
DNA repair mechanisms. Cardiotoxicity may be aug-
mented by other factors, such as pre-existing heart disease,

pregnancy, combination treatment with trastuzumab, and
prior radiation.

Anthracycline chemotherapy, included in R-CHOP, is
associated with dose-related cardiotoxicity, manifesting as
reduced systolic function. Cardiotoxicity may develop at
any dose, but more often occurs after doses >240 mg/m2.
Cardiomyopathy appears mediated in part by other risk
factors, such as age, hypertension, trastuzumab therapy,
and underlying heart disease. Whether illness with
COVID-19 increases susceptibility to or augments toxicity
is unknown.

Obinutuzumab and rituximab are monoclonal anti-CD20
antibodies used for leukemia and lymphoma targeting B‐cells.
Some observations suggest patients treated with these agents
may have more severe infections from COVID-19 due to
impaired immunogenic response including failure to produce

Fig. 31.14 CT angiography of the chest showing patchy opacities in bilateral lobes (yellow arrows) and new cardiomegaly (blue arrow)

SYSTOLEDIASTOLE

Fig. 31.15 Transthoracic echocardiogram shows global left ventricular hypokinesis with estimated LVEF of 35%. Apical four-chamber view
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Apical 4 chamber view (A4C) 
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Apical 2 chamber view (A2C) 
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Apical 3 chamber view (A3C) 
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Global longitudinal strain for 
each view (GLS)

Longitudinal strain bull’s eye plot in % and ms

Fig. 31.16 Significantly reduced global longitudinal strain

A B

Fig. 31.17 Cardiac MRI of a different patient with COVID-19
showing myopericarditis. A, Still frames from cine-CMR in diastole
(top) and systole (bottom) demonstrated moderately reduced global left
ventricular systolic function (LV ejection fraction 37%), and pericardial
effusion (red arrow). B, Late gadolinium enhancement CMR

demonstrated myocardial enhancement in the epicardial aspect of the
basal-mid inferior-inferolateral and apical lateral walls (red arrows), and
circumferential pericardial hyperenhancement (yellow arrows), most
consistent with myopericarditis
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antibodies after infection [68]. In contrast, organ transplant
recipients seem not more commonly or severely affected by
COVID-19 [69]. Immunosuppressive medications typically
employed after organ transplantation, such as calcineurin
inhibitors, act more selectively on T lymphocytes, with B‐cell
activity largely preserved.
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32Acute Cardiac Care of Cancer Patients

Osnat Itzhaki Ben Zadok and Zaza Iakobishvili

Key Points

• With acute myocardial infarction, a concomitant cancer
diagnosis is associated with a conservative medical
management strategy and bears worse clinical outcomes
compared to patients without cancer.

• Coronary syndromes in cancer patients are different from
those in the general population, e.g., 5FU or post
radiation.

• Pericardial tamponade may be the first presentation of
previously unrecognized malignancies in about 7.5% of
cases.

• Primary cardiac lymphoma accounts from 1 to 2% of all
cardiac neoplasms and can present as acute right heart
failure.

The majority of cardiovascular randomized controlled trials,
which also serve the scientific basis for society guideline
recommendations, exclude patients with cancer. Thus, even
allegedly evidence-based management of a patient with an
acute coronary syndrome or heart failure turns into a walk on
unknown grounds when adding cancer to the equation.
A recent cohort study of 6.5 million patients with a current
or historical diagnosis of cancer found that a concomitant
cancer diagnosis is associated with a conservative medical

management strategy for acute myocardial infarction, and
bears worse clinical outcomes, compared to patients without
cancer [1].

Coronary syndromes in cancer patients are different from
those in the general population. Taking a thorough history
may prompt the early diagnosis of radiation-induced coro-
nary artery disease. The management of acute coronary
syndromes induced by chemotherapies such as 5FU is
complicated by obstacles in diagnosis and treatment unique
to those patients.

Heart failure in cancer patients may also manifest acutely
and can include a wide spectrum of complications which
include New-onset left/right ventricular dysfunction, acute
pulmonary embolism, acute atrial/ventricular arrhythmias or
large pericardial effusion, and tamponade. Management is
often complicated by comorbidities, the need for further
cancer treatments and drug-to-drug interactions.

Here, four cases of acute cardiac care of cancer patients
are presented.

32.1 Case 1. Acute Myocardial Infarction
in the Setting of Prior Thoracic
Radiation

• Radiation therapy involving the heart is useful for the
definitive treatment of localized tumors of the breast,
lung, esophagus, and lymphomas, yet cardiac morbidity
and mortality can counteract its beneficial effects.

• Modern techniques which include smaller fields, lower
doses, breath-hold, IMRT, and protons have reduced
cardiac exposure [2, 3].

A 42-year-old male patient, an active smoker, presented
with an anterior ST-elevation myocardial infarction
(MI) 23 years after receiving chemotherapy (“ABVD”
treatment protocol: doxorubicin, bleomycin, vinblastine, and
dacarbazine) and thoracic radiation (mantle radiation field)
for childhood Hodgkin’s lymphoma. Echocardiography on
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presentation demonstrated antero-apical hypokinesis
(Fig. 32.1, Video 32.1). Emergency angiography demon-
strated occluded mid-distal left anterior descending artery
and 95% stenotic lesion in the circumflex artery (Fig. 32.2,
Video 32.2). Primary percutaneous intervention (PCI) was
initially performed in the left anterior descending artery with
a planned-staged procedure to the left circumflex artery
(Fig. 32.3, Video 32.3). The patient was started on dual
antiplatelet therapy with aspirin and prasugrel. The

low-density lipoprotein cholesterol level on admission was
68 mg/dL. Extrapolating from the general coronary artery
disease population, the patient was discharged on high-
intensity statin therapy (atorvastatin 80 mg), bisoprolol
2.5 mg, and ramipril 2.5 mg OD. His left ventricular ejection
fraction was assessed 8 weeks later on stress echocardiog-
raphy as 40–45% at rest due to antero-apical akinesis. No
ischemia was demonstrated on stress echocardiography and
the planned revascularization of the marginal branch was
canceled. Subsequently, due to complaints of lightheaded-
ness and low blood pressure, ramipril and bisoprolol were
stopped and he remains asymptomatic with excellent exercise
capacity (13 METS on recent follow-up stress echocardiog-
raphy). His LDL-C currently is in the range of 35–40 mg/dL
(50% decrease according to STEMI guidelines) [4].

Clinical experience indicates that ST-elevation acute
coronary syndromes late after radiation therapy can be
effectively managed emergently with coronary stenting.
However the published experience in this setting is limited.
The efficacy of percutaneous coronary interventions for
chronic presentations of radiation heart disease is somewhat
better studied. The reader is referred to Chaps. 22 through 24
of this Atlas for a comprehensive look at the subject of
radiation coronary disease.

32.2 Case 2. Cardiac Tamponade
as the Initial Presentation of Lung
Adenocarcinoma

• Pericardial tamponade may be the first presentation of
previously unrecognized malignancies in about 7.5% of
cases [5].

Fig. 32.1 Left and right panels showing diastolic and systolic images from echocardiogram at presentation. There is antero-apical hypokinesis
and a moderately reduced left ventricular ejection fraction

Fig. 32.2 Angiography, which was performed immediately on
patient’s presentation, showed occluded mid-distal LAD (a) and 95%
stenotic lesion in the circumflex artery (b)
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Fig. 32.3 The occluded LAD (left panel) was treated with primary percutaneous primary intervention (right panel) with restoration of flow

Tamponade

A er pericardial drainage

Fig. 32.4 Electrocardiogram on left performed on presentation demonstrating sinus tachycardia (110 beats/minute) and electrical alternans.
Electrocardiogram on the right shows resolution of the alternans pattern after pericardial drainage
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• During emergency pericardiocentesis it is imperative to
send the fluid for cell block analysis to explore the gen-
esis of the effusion [6].

• Despite the late stage of presentation (pericardial effusion
in primary lung cancer is an indicator of stage IV disease)
current oncology treatment (immunotherapy combined
with chemotherapy) may significantly prolong overall
survival and quality of life [7].

A 34-year-old woman with no known comorbidities pre-
sented to the emergency department with 10-day complaints
of progressive dyspnea and orthopnea, as well as night
sweats. Her physical examination revealed increased jugular
venous pressure and her electrocardiogram (ECG) showed
sinus tachycardia and electrical alternans (Fig. 32.4). Bedside
echocardiography demonstrated large pericardial effusion
with right ventricular collapse and a swinging heart
(Fig. 32.5, Video 32.4). While awaiting pericardiocentesis
which was scheduled to be performed shortly in the
catheterization laboratory, the patient had hemodynamic col-
lapse (systolic blood pressure was measured at 45 mmHg)
necessitating immediate bedside sub-xiphoid pericardiocen-
tesis. Blood pressure normalization and improved perfusion
were noted after the initial drainage of 100 mL of pericardial
fluid. A total of 250 mL fluid was drained over the following
24 hours. Two days later the patient underwent pericardial
window surgery at which time pericardial and pleural biopsies
were obtained. Pathologic evaluation demonstrated malignant
cells of epithelial origin diagnosed as poorly differentiated
lung adenocarcinoma. Notably, echocardiography soon after

removal of the pericardial fluid demonstrated severe global
left ventricular dysfunction which has been described after
relief of cardiac tamponade (Video 32.5) [8]. Follow-up
echocardiographic studies demonstrated improvement in LV
systolic function (Video 32.5). The patient was treated with
carboplatin-paclitaxel and pembrolizumab with excellent
response. She now is maintained on pembrolizumab with
good functional status and there has been no recurrence of the
pericardial effusion during 2 years of follow-up. (See
Chap. 21 on pericardial disease.)

32.3 Case 3. Acute Myocardial Infarction
Presenting Concomitantly
with Fluoropyrimidine-Based
Chemotherapy

• Fluoropyrimidine-based chemotherapy is a possible trig-
ger for coronary vasospasm and therefore for the devel-
opment of type 2 myocardial infarction [9, 10].

• Little is known about re-challenge in patients who have
had an acute coronary syndrome or have established
coronary artery disease, although several protocols
(mostly based on calcium-channel blockers and nitrates)
have been proposed [11].

• In high-risk patients with suspected acute coronary syn-
drome and reasonable oncologic prognosis, urgent coro-
nary angiography with possible coronary revascularization
should be considered in a shared decision-making model
(cardiology, oncology, patient) [12].

Pericardial effusion

Le  VentricleCollapsed right 
ventricle

Fig. 32.5 Still frame from an
echocardiogram showing large
pericardial effusion, collapsed
right ventricle, and small left
ventricle consistent with
tamponade
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A 66-year-old man who previously had a mechanical
mitral valve replacement and known ischemic heart disease
having undergone PCI to the right coronary artery
(RCA) 10 years before his current presentation. The patient
was recently diagnosed with rectal adenocarcinoma and
neoadjuvant therapy with capecitabine (Xeloda) combined
with focal radiation was initiated. During this therapy, he
reported typical chest pain. Electrocardiogram demonstrated
T-wave inversions in leads I and aVL, new from baseline
(Fig. 32.6). Troponin-T was abnormally elevated (2,500 on 2
consecutive tests, normal laboratory range 0–14 ng/L) and
echocardiography showed moderate to severe LV dysfunction
(Fig. 32.7, Video 32.6). Severe three-vessel coronary artery
disease was apparent on angiography with occluded proximal

left anterior descending artery with tiny collaterals from the
right system, tight stenosis of the large diagonal branch, and
intermediate artery (Fig. 32.8). Provocative vasospastic tests
were not performed. A presumptive diagnosis of vasospasm
on the background of severe coronary disease was made
resulting in type 2 myocardial infarction. After a thorough
multidisciplinary discussion, the decision was made to
revascularize the diagonal and intermediate arteries, as pos-
sible culprits and not to re-challenge the patient with
fluoropyrimidine. The interventional coronary artery proce-
dures were successful and the patient continues to be stable
from a cardiac standpoint following the procedure. He was
initiated on dual antithrombotic therapy (warfarin and clopi-
dogrel) during this year without overt bleeding episodes. With

A 

B 

Fig. 32.6 a pre-chemotherapy electrocardiogram demonstrating slight
ST-segment depression in lead I and AVL, with prominent Q-waves in
diaphragmatic leads. b Electrocardiogram during chest pain

presentation demonstrating lateral T-wave inversion (leads I, AVL,
V4-6) and downsloping ST-segment depression (leads V3-6). Note that
Q-wave is preserved only in lead III
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the stability of his coronary artery disease, an alternate ther-
apeutic approach to his cancer was discussed with the
oncology team and the patient was advised to have potentially
curative colorectal surgery, however, he refused. He is cur-
rently receiving warfarin, statins, and maximally tolerated
guideline directed medical therapy for left ventricular dys-
function including sacubitril valsartan, bisoprolol, and
spironolactone. His cancer remains under scrutiny by the
oncology team. (See Chap. 11 on 5FU and its analogs).

32.4 Case 4. Right Ventricular Mass
Presenting as Acute Right Heart Failure

• Cardiac neoplasms can be categorized according to their
histological characteristics (benign or malignant) and
their site of origin (primary or metastatic) [13].

• Primary cardiac lymphoma accounts from 1 to 2% of all
cardiac neoplasms and is characterized by its ability to

A B 

Fig. 32.7 Still frames from echocardiogram performed at presentation. a Diastolic image, b Systolic image. There is a large regional wall motion
abnormality with depression of the ejection fraction

Fig. 32.8 a Right coronary artery injection demonstrating severe diffuse disease in the mid to distal vessel. b Left coronary artery injection with
diffusely diseased intermediate branch and first diagonal artery. A non-dominant circumflex artery and proximal-mid LAD were occluded
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cross anatomic boundaries. Clinically, cardiovascular
related symptoms develop either due to direct tumor
extension or to tumor emboli [14].

A 63-year-old female patient, a former smoker, was
admitted due to 2 weeks of progressive exertional dyspnea
and cough. Chest CT demonstrated a mass in the right ven-
tricle which extended to the right atrium and superior vena
cava. Aortic root involvement was observed as well, yet with
no extra-cardiac involvement (Fig. 32.9). The differential

diagnosis of the right ventricular mass was cardiac sarcoma
versus primary cardiac lymphoma. The latter was supported
by the appearance of the “vessel-floating sign”. This sign,
which is highly specific to cardiac involvement in lymphoma,
describes a mass which encases, rather than invading and
narrowing the coronary arteries [15]. Moreover, the mass was
characterized as homogenous which is also compatible with
cardiac lymphomas. Echocardiography revealed a right ven-
tricular mass interfering with tricuspid valve function
(Fig. 32.10; Videos 32.7 and 32.8).

Fig. 32.9 Left and right panels, Cardiac computed tomography
performed during patient’s initial presentation demonstrating a
homogenous mass involving the right ventricle. The mass dimensions
were measured 85 mm * 53 mm * 90 mm. The mass is anterior to the
atrioventricular groove encasing the right coronary artery but not

narrowing it (“vessel-floating sign”). 1. Homogenous mass involving
the right ventricle. 2. Encasing the right coronary artery but not
narrowing it (“vessel-floating sign”). 3. Invades the right ventricle. 4.
Invades the right atrium. 5. Involves the superior vena cava. 6. Involves
ascending aorta and root

Fig. 32.10 Left panel, Echocardiogram frame showing a mass on the anterior aspect of the right ventricle (a) and the lateral aspect of the tricuspid
valve ring (b). Right panel, The mass adversely affects the diastolic flow through the tricuspid valve illustrated by color doppler imaging
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A biopsy by a mid-sternotomy incision was performed
demonstrated non-Hodgkin’s cardiac lymphoma. Che-
motherapy based on R-CHOP protocol (rituximab-
cyclophosphamide, hydroxydaunorubicin, vincristine, and
prednisone) was initiated and was uneventful. During a
one-year follow-up on echocardiography, no recurrence of
intracardiac mass was observed. (See Chap. 16 on masses
involving the heart and vasculature.)
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