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Foreword

Cardiovascular disease and cancer are the most common causes of death worldwide. They
often have the same risk factors, e.g., smoking and advancing age. This tight relationship has
led to the emergence of a multidisciplinary approach to patients with cancer and heart disease
(termed cardio-oncology or onco-cardiology).

With increasing numbers of cancer survivors, it is not uncommon for a practicing physician
to encounter a patient who has a concomitant diagnosis of both cancer and cardiovascular
disease. In some patients, particularly those in older age groups, established cardiovascular
disease predates the development of cancer, whereas in others, particularly Hodgkin’s lym-
phoma and breast cancer patients, survivors develop cardiovascular disease as a result of can-
cer therapy (e.g., the late cardiovascular sequelae of radiation therapy or chemotherapy-induced
cardiomyopathy). Most cardiovascular trials have excluded patients with cancer, and similarly
most trials of cancer therapy have excluded patients with cardiovascular disease. Hence, there
is little evidence-based treatment guidance for these patients.

In this atlas, the editors have compiled chapters that are related to the diagnosis and treat-
ment of common cardiovascular diseases encountered in patients with cancer. The case-based
illustrations nicely depict many of the clinical and therapeutic challenges encountered in the
management of these patients. The atlas covers a wide range of topics, ranging from chemo-
therapy-related cardiac dysfunction to radiation-induced heart disease and cardiac tumors.

The readers will find the atlas useful for clinical practice, and it will also serve as a resource
for all health care professionals caring for patients with cancer and cardiovascular disease.

Kim A. Eagle, M.D., M.A.C.C.

Albion Walter Hewlett Professor of Medicine
Director Frankel Cardiovascular Center
University of Michigan Health System

Ann Arbor, MI, USA

Patrick T. O’Gara, M.D., M.A.C.C.

Professor of Medicine, Harvard Medical School
Watkins Family Distinguished Chair in Cardiology
Brigham and Women’s Hospital

Boston, MA, USA



Preface

“Variability is the law of life and as no two faces are the same, so no two bodies are alike and
no two individuals react alike and behave alike under the abnormal conditions which we know
as disease.” Sir William Osler

Advancement in cancer detection and therapy has led to an increasing number of cancer
survivors that currently exceeds 15 million in the USA. With an improvement in survival, from
both cancer and cardiovascular disease, it is not uncommon for these two conditions to coexist.
Cardiovascular disease sometimes precedes the diagnosis of cancer, and in other cases, cancer
therapy can cause or accelerate preexisting cardiovascular diseases.

Both chemotherapy and radiation cause long-term cardiovascular side effects. Chemotherapy
agents can cause a wide range of cardiotoxicity, ranging from vascular disease to cardiomy-
opathy, whereas radiation toxicity can cause vascular, pericardial, valvular, conduction system,
and myocardial disease.

The diagnosis and management of cardiovascular disease in patients with malignancy poses
complex clinical challenges. Concurrent anemia, comorbidities, fatigue, and side effects of
chemotherapy frequently mask the typical symptoms of cardiovascular disease. The presence
of thrombocytopenia and the risk of bleeding are a particular concern in patients who need
antiplatelet agents and/or anticoagulants, e.g., those with coronary stent, atrial fibrillation, and
prosthetic valve. Due to lack of well-designed large clinical trials, there is limited data avail-
able on the treatment of cardiovascular diseases in patients with cancer. With this atlas, we
hope to provide a clear, case-based approach to the common clinical problems faced by the
practicing clinicians.

The authors of the chapters have extensive clinical and research background in their respec-
tive fields. We are greatly indebted to them for providing us with superb clinical cases and their
valuable time.

We hope that the readers will find this atlas useful for their day-to-day practice.

Houston, TX, USA Syed Wamique Yusuf
Houston, TX, USA Jose Banchs
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Global Burden of Cancer
and Cardiovascular Disease

Gagan Sahni and Jagat Narula

Abstract

Cancer and Cardiovascular disease [CVD] are an unholy matrimony, being inexorably
linked to each other and fostering a substantial global health burden of our time.

Keywords

Cancer ¢ Cardiovascular disease * Global burden

Cancer and Cardiovascular disease [CVD] are an unholy
matrimony, being inexorably linked to each other and foster-
ing a substantial global health burden of our time.

In 2013 there were >54 million deaths globally, of which
17 million or 32% of deaths were attributable to Cardiovascular
disease [CVD] and eight million or 15% were due to cancer
deaths [1]. Cancer has moved from the third leading cause of
death in the industrialized world in 1990 to the second lead-
ing cause behind cardiovascular disease in 2013, owing
largely due to a growing and aging global population as well
as risk factors like smoking, obesity, and dietary patterns. Not
surprisingly, these are common risk factors for cardiovascular
disease as well, making the combined burden of disease due
to CVD and cancer not only a prodigious global problem but
one necessitating a mutually inclusive approach to preven-
tion, detection and treatment.

Moreover, since the advent of more effective cancer treat-
ments and the increasing likelihood of an earlier cancer diag-
nosis due to screening, the overall cancer mortality has
declined since the early 2000s [2]. Of these cancer survivors,
69% will have at least a 5-year life expectancy. This implies
that cancer survivors now live longer, allowing the subse-
quent manifestation of potential cardiac toxicities of cancer
treatments [including chemotherapy and radiation], as well
as an increase in the incidence of cardiovascular disease due
to common risk factors such as age, lifestyle and smoking. In

G. Sahni, M.BB.S. ¢ J. Narula, M.D., D.M., Ph.D., M.A.C.C., ER.C.P. (<))
Icahn School of Medicine, Mount Sinai Medical Center,
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e-mail: jagat.narula@mountsinai.org
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fact, amongst cancer survivors, > 50% of men and >40% of
women above the age of 50 years will develop some cardio-
vascular disease during their remaining lifespan [3].

Adding to this demographic are the survivors of child-
hood cancers. With today’s cancer therapeutics, >80% of
children and adolescents who are treated for cancer become
long-term survivors into adulthood in countries such as the
US and UK. These numbers, of course are as dismal as 10%
survivorship in developing nations. However, survivorship
of these patients into adulthood poses the new challenge of
early cardiovascular disease due to their childhood exposure
to cardiotoxic chemo such as anthracyclines and chest
directed radiation therapy. As per the Childhood Cancer
Survivor Study (CCSS) cohort, the cardiac mortality in these
childhood cancer survivors was sevenfold higher and a
15-fold lifetime risk of developing heart failure (HF) com-
pared to age-matched population [4].

Other than the extended survival of cancer patients and
the aging population, there has been an increase in the
recognition of chemotherapy-induced cardiotoxicity, adding
to the linkage between patients with cancer and their risk for
cardiovascular diseases. In addition, some patients with can-
cer may be at a higher risk for cardiovascular complications
as compared with the general population. For example, pro-
tein kinases are the most frequently mutated genes in the
cancer genome, which makes them an attractive therapeutic
target for chemotherapy drugs. However the use of several
kinase inhibitors [KI’s] have been associated with toxicities
to the heart and vasculature, including acute coronary syn-
dromes and heart failure. Ongoing genomic studies are
thereby focusing on mutations in these protein kinases that

S.W. Yusuf, J. Banchs (eds.), Cancer and Cardiovascular Disease, https://doi.org/10.1007/978-3-319-62088-6_1
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not only lead to tumorigenesis but also study the underlying
mechanisms that drive the cardiotoxicity of these KI's [5].
Indeed, the increased use of combination chemotherapy,
overall increased survival, concomitant radiation therapy and
development of emerging agents with potential cardiotoxic-
ity have led to the emergence of cancer therapeutics induced
cardiotoxicity as a growing public health issue. This cardio-
toxicity includes a spectrum of effects such as heart failure,
angina, acute coronary syndromes, arrhythmias, hyperten-
sion, hypotension, valvulopathies and pericardial diseases.
Moreover, cancer is associated with a hypercoagulable state,
which increases the risk of acute thrombotic events; thus, the
need for invasive evaluation and management in the cardiac
catheterization laboratory rises. Unique issues can present,
such as the timing of invasive cardiac interventions in rela-
tion to oncologic treatments, managing a wide range of
comorbid diseases including thrombocytopenia and bleeding
diathesis, paraneoplastic disease, difficulties with vascular
access, coagulopathies, and a lack of prior outcome-driven
data for interventions in this patient population. These chal-
lenges posed by CVD in patients with cancer often need a
multi-disciplinary approach, tailor-made to each patient’s
risk-benefit profile as discussed amongst the cardiologist,
oncologist, radiation oncologist and oncological surgeons.
Recognizing and responding to this emerging global
health burden, cardiologists dedicated to the care of oncology
patients with cancer therapeutics-induced cardiotoxicity and
concomitant cardiovascular problems, are an emerging sub-
specialty called “Cardio-Oncology” or “Onco-Cardiology.”
Many cancer centers and tertiary care hospitals globally are
now establishing dedicated Cardio-Oncology clinics where

cardiovascular specialists play a dedicated role in managing
heart disease in cancer patients [6]. This “super-specialization”
of cardiovascular care provides efficient and timely access to
cardiology services, including pre-chemotherapy cardiac risk
assessment, interventions for minimizing risk, assessment of
the cardiac effects of cardiotoxic chemotherapies, use of
emerging imaging techniques such as strain rate measure-
ments in echocardiography to detect early cardiotoxicity, and
early treatment of heart disease should it develop. It is a
multi-disciplinary platform where cardiovascular interven-
tions are balanced with cancer therapeutics to provide the
patient with the best possible oncological and cardiovascular
outcomes.
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Utility of Cardiac Ultrasound Imaging
in Oncology, a Case Based lllustration

Jose A. Banchs

Abstract

Cardiac Ultrasound imaging (Echocardiogram) is an integral modality for the investigation
of patients undergoing chemotherapy. In this chapter we briefly discuss the evolution and
provide case based illustrations to exemplify the use of this modality.

Keywords

Echocardiogram ¢ Chemotherapy * Cardiotoxicity

Several chemotherapy agents, but in particular Adriamycin,
are known to cause cardiomyopathy [1, 2]. Ever since the
first reports of possible cardio-toxic effects from anti-cancer
agents, there has been well documented steady progress in
efforts to detect and characterize this pathology in clinical
practice as soon as technologically possible in the course of
chemotherapy.

The earliest methods to detect cardiotoxicity utilized a
combination of ECG and chest X-ray films in conjunction to
phonocardiography and carotid pulse tracing with serial pho-
tography, to describe a ratio of the pre-ejection period to left
ventricular ejection time [3]. Shortly afterward, a non-
invasive method using a sphygmo-recording of the pulse
wave delay [4]; and ultrasound imaging quickly followed in
a report from the pediatric population [5]. Once cardiac
imaging was established in the late 1970s and early 1980s; a
number of publications supported the different available
modalities [5-9], establishing left ventricular ejection frac-
tion (LVEF) as the traditional method for initial and follow-
up evaluation of ventricular function during the administration
of cardio-toxic chemotherapeutic agents.

Over a short period of time, measurement of LVEF by
nuclear methods (MUGA) became an established practice
and was considered the gold standard for LV function assess-
ment during chemotherapy. LVEF by radionuclide imaging
proved to be sensitive, specific, and reproducible and in at
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least one early report when used with stress was a predictor
of early cardiac toxicity [6]. LVEF, reported as a single mea-
sure, was clearly the real strength of this imaging technique.

Improvement in imaging quality, particularly in the last
two decades has been noticeable in two-dimensional echo-
cardiography. The use of second harmonic imaging [10] as
well as the use of echocardiographic contrast [11] has sig-
nificantly increased the accuracy of LVEF measurement with
Two-dimensional echocardiography. Newer ultrasound sys-
tems are now able to achieve superior temporal and spatial
resolution.

With time, 3D echocardiography has been recognized as
another method for LVEF measurement that compares more
favorably with the current gold standard; i.e. cardiac MRI
[12] and conventional MUGA scans [13]. But measurement
of LVEEF as a sole indicator of cardiotoxicity has many limi-
tations. Accurate assessment of LVEF is not only limited by
image quality, or the technicality of the measurement (single
beat, operator experience, volume drawing style or rules),
but the ejection fraction is merely the relative volume ejected
in systole, and it can be load dependent. In a variety of condi-
tions affecting the heart, such as diabetes, coronary artery
disease, amyloid infiltration, and hypertension, the LVEF
measure may be well preserved until late in the course of the
disease. In the case of chemotherapy-related cardiac dys-
function it has become increasingly clear that LVEF is an
imperfect tool. It is only documenting that a process has
indeed already changed, and maybe perhaps permanently
[14, 15].

New methods for reliable non-invasive evaluation of car-
diac function such as speckle tracking echocardiography

S.W. Yusuf, J. Banchs (eds.), Cancer and Cardiovascular Disease, https://doi.org/10.1007/978-3-319-62088-6_2

2


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-62088-6_2&domain=pdf
mailto:jbanchs@mdanderson.org

4

J.A.Banchs

(STE) are now available. Speckle tracking takes full advan-
tage of a new capacity for image acquisition at higher frame
rates. This new avenue for evaluation of myocardial func-
tion has helped immensely in the understanding and the
evaluation of some of these disorders just mentioned [16].
Several reports now have been published in the cancer popu-
lation receiving cardio-toxic agents and the use of this par-
ticular technology in the realm of cancer therapeutics—related
cardiac dysfunction (CTRCD) has been very exciting, par-
ticularly the use of longitudinal deformation measures and
the global longitudinal strain value (GLS). It was first
reported in 2009 that changes in tissue deformation, assessed
by myocardial strain and strain rate was able to identify LV
dysfunction earlier than LVEF in women undergoing treat-
ment with trastuzumab for breast cancer [17]. Following
this, two reports in 2011 have resulted in comparable find-
ings [18, 19].

In a multi-center study, utilizing troponin and longitudi-
nal strain measures to predict the development of cardiotox-
icity (defined as a reduction of LVEF of >5 to <55% with
symptoms of heart failure or an asymptomatic reduction of
the LVEF of >10 to <55% in patients treated with anthracy-
clines and trastuzumab) it was found that patients who dem-
onstrated decreases in longitudinal strain measures or
elevations in hypersensitive troponin had a ninefold increase
in risk for cardiotoxicity at 6 months compared to those with
no changes in either of these markers [19]. Furthermore;
LVEF alone, diastolic function parameters, and N-terminal
pro—B-type natriuretic peptide did not help predict cardio-
toxicity [19].

In a review including over 30 studies, it has been reported
that although the best GLS to predict cardiotoxicity was not
clear, an early relative change between 10 and 15% appears
to have the best specificity [20]. A consensus statement on
the evaluation of adult patients during and after cancer ther-
apy suggests that based on the currently available literature,
arelative percentage reduction in GLS of >15% is very likely
to be abnormal, whereas a change of <8% appears not to be
of clinical significance [21]. It also suggests that an abnor-
mal GLS value should be confirmed by a repeat study. The
repeat study is recommended to be performed 2-3 weeks
after the initial abnormal study. It should be noted that these
suggestions have been mostly reported in the breast cancer
population.

If this same cardiac imaging benefit will extend to
other malignancies in their treatment course remain to be
seen. In practice, however, due to the seemingly low val-
ues for relative GLS % change in the early follow-up of
these patients, and particularly in labs where there are
systems from multiple vendors, the concern for reproduc-
ibility and consistency among vendors continues to be an
issue [22].

Illustrated Case Presentation and Discussion;
Use of GLS in Breast Cancer

A 63-year-old female with HER-2 positive breast cancer is
seen in the clinic.

The patient had a history of hypertension for 10 years prior
to the diagnosis of breast cancer, managed with low dose
Lisinopril (5 mg daily). The BP on exam was 145/90 mmHg
with similar BP readings on the last few visits. The baseline
echocardiogram showed an LVEF of 54% measured using the
biplane method of disks (MOD); the GLS was 19.6% (Fig. 2.1).
It was recommended to increase the ACE-I dose and in a 2 week
follow up the BP was noticeably improved to 135/81 mmHg.
The patient was started on a chemotherapy regimen that
included four cycles of epirubicin to be followed by 12 months
of trastuzumab. A follow-up echo 3 months into trastuzumab
showed a 2D and 3D LVEF of 55%, but the GLS obtained using
the same imaging system and the same sonographer was 14.6%
(a26% relative drop from previous) (Fig. 2.2).

In follow-up, the GLS information and its potential impli-
cation were discussed in detail with both the patient and the
oncologist. The option to start a beta-blocker or further
increase the Lisinopril dose were discussed. The patient,
however, declined any therapeutic changes that were
suggested.

Baseline
LVEF = 54%
GLS =-19.6%

ANT_SEPT

Fig. 2.1 A female with HER-2 positive breast cancer baseline GLS
polar map, normal value —19.6%
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3 months FU
LVEF = 55%
GLS =-14.6%

Fig.2.2 Same patient from Fig. 2.1, a 3 month follow up GLS obtained
using the same imaging system and same sonographer was 14.6%; a
significant relative drop (>15% is considered significant based on mul-
tiple studies)

She was continued on trastuzumab and on follow up at
6 months, an echocardiogram with GLS, using the same imaging
system and even the same sonographer was done. Clinically the
patient was asymptomatic, with no abnormality in cardiac bio-
markers, but the 2D LVEF was 41%, with a mild increase in the
measured biplane LVESV. In this case the decision was made for
a 3—4 break off trastuzumab and low dose carvedilol was added.

At 1 month follow up an echocardiogram showed
improvement (EF 55% with biplane MOD, GLS 19.1%) and
the patient completed her treatment from that point forward
without further events (Fig. 2.3).

Illustrated Case Presentation and Discussion;
GLS Utility in Enhancing Clinical Confidence

A 24 year female with acute leukemia, is treated at an out-
side facility with an anthracycline-containing regimen and a
baseline echocardiogram is reported to have a qualitative EF
of 55%. A repeat study is performed in approximately
30 days and again only qualitative measures are reported.
This time the LVEF is reported as 40-45%, and the patient
receives a clinical recommendation to avoid all further can-
cer therapy and a consultation with advanced heart failure
service is ordered. The patient’s oncologist’s requests a com-

4 months FU
LVEF = 55%
GLS =-19.1%

Peak Systolic Strain

ANT _SEPT

Fig. 2.3 Improved GLS 1 month later —19.1%

prehensive evaluation at MD Anderson, and further chemo-
therapy is contemplated.

While a definitive oncologic treatment plan is being estab-
lished, the patient is evaluated in our cardiology clinic; the
young female is clinically essentially asymptomatic, biomark-
ers (BNP, Tnl) are normal, with the echocardiogram showing
an LVEF (measured by biplane MOD) of 46% (Fig. 2.4).

LVEF = 46%
GLPS_Avg = -17.8%

LD (MO0 gl 138 i
ESVOM00 apds * 1 ot

P00 apdly 442 %

Fig.2.4 A young female received 36 mg/m?2 of Idarubicin; echo at 30
days with LVEF 46% using the biplane MoD



Carvedilol added

Fig. 2.5 Polar map GLS of that same visit, measured at 17.8%, almost
anormal value

LVEF = 53%
GLPS_Avg =-18.4%

Fig.2.6 Polar map GLS now another month later, measured at 18.4%,
normal value

J.A.Banchs

Using 2D speckle tracking the GLS is measured at 17.8%
(Fig. 2.5), which is considered to be very close to normal.

The patient is given low dose carvedilol and on 4 week
follow up the LVEF improved to 53% and the GLS was
18.4% (Fig. 2.6). The patient was able to complete her anti-
cancer therapy without delay continued to do well clinically
and subsequent cardiac imaging tests at 1 and 2 years follow
up were all within normal range.

Brief Discussion; Key Points and a Note
About GLS Acquisition

The first case presents the opportunity to focus on the impor-
tance of optimal BP control in all patients undergoing che-
motherapy regimens that have any Cardiotoxic potential.

Our second case brings the use of the GLS measure as an
additional tool to answer a clinical question about the con-
tinuation of potential cardiotoxic chemotherapy. In our expe-
rience it can represent, in conjunction with the clinical
picture and other available indicators, such as biomarkers, a
confidence measure when normal or within 1% point to
normal.

We emphasize using the best available method of LVEF
measures in this patient population during the course of ther-
apy. As already is extensively reported in the literature, in
terms of best reproducibility and inter and intra observer plus
temporal variability the order is: 3D (unenhanced) > contrast
2D (biplane MOD) > unenhanced 2D (biplane MOD) [23].

We also give several key recommendations when using
GLS capable systems:

1. Optimal image quality is imperative, there is a great need
to visualize all 16 segments (ASE standard 16 segment
model). In most systems, your GLS will be expressed
using a 17+ segment model. Parallel to the two segments
“contrast rule” we also apply judgment of image quality
when more than two segments are not well visualized
(our rule of thumb).

Use individual judgment when a patient has a pre-
existing BBB on the ECG and the polar map shows a sep-
tal defect. The patient is its own “control” over time,
therefore this defect, particularly when the overall kinesis
and thickening of the segments appear visually fairly nor-
mal, become of less concern using this modality, in our
experience.

2. Acquisition frame rate is important. Don’t forget that
frame rate is a number of single images per second, and
we are focusing in longitudinal deformation in systole,
therefore only the initial third of the cardiac cycle. Our
sensing is also in a single beat, which forces us to be



Utility of Cardiac Ultrasound Imaging in Oncology, a Case Based lllustration 7

extremely vigilant of quality. Think of LV apical focused
images with only the necessary sector width.

The learning curve we have seen in our experience for a
sonographer using this modality is usually conquered at
the 12—-16 month of experience.

In our experience, the GLS measure in tachycardia or in
situations of irregular HR is not useful.

References

10.

11.

12.

. Ramos

. Kobayashi T, Nakayama R, Takatani O, Kimura K. Positive chrono-

tropic and inotropic actions of new antitumor agent adriamycin and
its cardiotoxicity—its special references to myocardial contractile
force and the change of the transmembrane action potential. Jpn
Circ J. 1972;36:259-65.

. Lefrak EA, Pitha J, Rosenheim S, Gottlieb JA. A clinicopathologic

analysis of adriamycin cardiotoxicity. Cancer. 1973;32:302—-14.

. Rinehart JJ, Lewis RP, Balcerzak SP. Adriamycin cardiotoxicity in

man. Ann Intern Med. 1974;81:475-8.

. Greco FA, Brereton HD, Rodbard D. Noninvasive monitoring of

adriamycin cardiotoxicity by “Sphygmo-Recording” of the pulse
wave delay (QKd interval). Cancer Treat Rep. 1976;60:1239-45.
A, Meyer RA, Korfhagen J, Wong KY, Kaplan
S. Echocardiographic evaluation of adriamycin cardiotoxicity in
children. Cancer Treat Rep. 1976;60:1281-4.

. Alcan KE, Robeson W, Graham MC, Palestro C, Oliver FH, Benua

RS. Early detection of anthracycline-induced cardiotoxicity by
stress radionuclide cineangiography in conjunction with Fourier
amplitude and phase analysis. Clin Nucl Med. 1985;10:160-6.

. Lenzhofer R, Dudczak R, Gumhold G, Graninger W, Moser

K, Spitzy KH. Noninvasive methods for the early detection of
doxorubicin-induced cardiomyopathy. J Cancer Res Clin Oncol.
1983;106:136-42.

. McKillop JH, Bristow MR, Goris ML, Billingham ME, Bockemuehl

K. Sensitivity and specificity of radionuclide ejection fractions in
doxorubicin cardiotoxicity. Am Heart J. 1983;106:1048-56.

. Pauwels EK, Horning SJ, Goris ML. Sequential equilibrium gated

radionuclide angiocardiography for the detection of doxorubicin
cardiotoxicity. Radiother Oncol. 1983;1:83-7.

Senior R, Soman P, Khattar RS, Lahiri A. Improved endocardial
visualization with second harmonic imaging compared with funda-
mental two-dimensional echocardiographic imaging. Am Heart J.
1999;138:163-8.

Hundley WG, Kizilbash AM, Afridi I, Franco F, Peshock RM,
Grayburn PA. Administration of an intravenous perfluorocarbon
contrast agent improves echocardiographic determination of left
ventricular volumes and ejection fraction: comparison with cine
magnetic resonance imaging. ] Am Coll Cardiol. 1998;32:1426-32.
Chuang ML, Hibberd MG, Salton CJ, Beaudin RA, Riley MF,
Parker RA, et al. Importance of imaging method over imaging

14.

16.

17.

19.

20.

21.

22.

23.

modality in noninvasive determination of left ventricular volumes
and ejection fraction: assessment by two- and three-dimensional
echocardiography and magnetic resonance imaging. J Am Coll
Cardiol. 2000;35:477-84.

. Walker J, Bhullar N, Fallah-Rad N, Lytwyn M, Golian M, Fang T,

et al. Role of three-dimensional echocardiography in breast cancer:
comparison with two-dimensional echocardiography, multiple-
gated acquisition scans, and cardiac magnetic resonance imaging. J
Clin Oncol. 2010;28:3429-36.

Telli ML, Hunt SA, Carlson RW, Guardino AE. Trastuzumab-
related cardiotoxicity: calling into question the concept of revers-
ibility. J Clin Oncol. 2007;25:3525-33.

. Cardinale D, Colombo A, Lamantia G, Colombo N, Civelli M, De

Giacomi G, et al. Anthracycline-induced cardiomyopathy: clini-
cal relevance and response to pharmacologic therapy. J Am Coll
Cardiol. 2010;55:213-20.

Ernande L, Bergerot C, Rietzschel ER, De Buyzere ML, Thibault
H, Pignonblanc PG, et al. Diastolic dysfunction in patients with
type 2 diabetes mellitus: is it really the first marker of diabetic car-
diomyopathy? J Am Soc Echocardiogr. 2011;24:1268-75.¢l.

Hare JL, Brown JK, Leano R, Jenkins C, Woodward N, Marwick
TH. Use of myocardial deformation imaging to detect preclinical
myocardial dysfunction before conventional measures in patients
undergoing breast cancer treatment with trastuzumab. Am Heart J.
2009;158:294-301.

. Fallah-Rad N, Walker JR, Wassef A, Lytwyn M, Bohonis S, Fang

T, et al. The utility of cardiac biomarkers, tissue velocity and strain
imaging, and cardiac magnetic resonance imaging in predicting
early left ventricular dysfunction in patients with human epidermal
growth factor receptor II-positive breast cancer treated with adju-
vant trastuzumab therapy. J Am Coll Cardiol. 2011;57:2263-70.
Sawaya H, Sebag IA, Plana JC, Januzzi JL, Ky B, Cohen V, et al.
Early detection and prediction of cardiotoxicity in chemotherapy-
treated patients. Am J Cardiol. 2011;107:1375-80.
Thavendiranathan P, Poulin F, Lim KD, Plana JC, Woo A, Marwick
TH. Use of myocardial strain imaging by echocardiography for
the early detection of cardiotoxicity in patients during and after
cancer chemotherapy: a systematic review. ] Am Coll Cardiol.
2014;63:2751-68.

Plana JC, Galderisi M, Barac A, Ewer MS, Ky B, Scherrer-Crosbie
M, et al. Expert consensus for multimodality imaging evaluation
of adult patients during and after cancer therapy: a report from
the American Society of Echocardiography and the European
Association of Cardiovascular Imaging. J Am Soc Echocardiogr.
2014;27:911-39.

Marwick TH. Consistency of myocardial deformation imaging
between vendors. Eur J Echocardiogr. 2010;11(5):414-6. https://
doi.org/10.1093/ejechocard/jeq006. Epub 17 Feb 2010.
Thavendiranathan P, Grant AD, Negishi T, Plana JC, Popovi¢ ZB,
Marwick TH. Reproducibility of echocardiographic techniques
for sequential assessment of left ventricular ejection fraction and
volumes: application to patients undergoing cancer chemotherapy.
J Am Coll Cardiol. 2013;61(1):77-84. https://doi.org/10.1016/j.
jacc.2012.09.035. Epub 28 Nov 2012.


https://doi.org/10.1093/ejechocard/jeq006
https://doi.org/10.1093/ejechocard/jeq006
https://doi.org/10.1016/j.jacc.2012.09.035
https://doi.org/10.1016/j.jacc.2012.09.035

®

Check for
updates

Cancer Treatment-Related
Cardiotoxicity: Role of Cardiovascular
Magnetic Resonance Imaging

Felipe Kazmirczak, Prajwal Reddy, Anne H.Blaes,

and Chetan Shenoy

Abstract

Cardiomyopathy is one of the most common cardiotoxic manifestations from cancer treatment.
Clinically, identifying the presence or absence of cardiomyopathy has significant implications
on the management of cancer patients. Decisions regarding the continuation, temporary stop-
ping or permanent stopping of potentially life-saving cancer treatment are made based on the
presence or absence of, the etiology of (i.e., whether it is a consequence of the cancer treatment
or unrelated), and the severity of cardiomyopathy. Thus, it is critically important to use an
imaging test that can reliably and accurately provide these data. Cardiovascular magnetic reso-
nance (CMR) is ideally suited for this role—it provides the ability to assess ventricular func-
tion, morphology, valvular function, perfusion and tissue characterization all in one setting.
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Assessment of Ventricular Volumes and
Function to Determine the Presence or
Absence, and the Severity of
Cardiomyopathy

Case 1

A 50-year-old female with breast cancer T1bNO, invasive ductal
carcinoma, estrogen receptor negative, HER-2 amplified status
post bilateral mastectomies with reconstruction, was treated with
AC (cyclophosphamide and doxorubicin) followed by paclitaxel
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and trastuzumab for 1 year. She was in remission for 2 years
when she developed palpitations. An event monitor showed mul-
tiple episodes of non-sustained ventricular tachycardia and high
premature ventricular contraction (PVC) burden. To rule out
structural heart disease an echocardiogram was ordered. It
showed poor acoustic windows with poor endocardial border
definition. The visually estimated left ventricular ejection frac-
tion (LVEF) was 55% (Fig. 3.1a). Reliable quantitation by
Simpson’s method could not be performed due to poor endocar-
dial border definition. Ultrasound contrast was not given. Given
the poor image quality on echocardiography and the frequent
PVCs, a cardiovascular magnetic resonance (CMR) imaging
was performed for evaluation of ventricular function and fibrosis
as a substrate for her ventricular arrhythmias. The CMR showed
LVEEF of 66%, right ventricular ejection fraction (RVEF) of 57%
and no evidence of myocardial fibrosis (Fig. 3.1b).

Discussion
In patients with suspected cancer-treatment related cardio-

myopathy, CMR can help identify the presence or absence of
a cardiomyopathy with high reliability and accuracy. CMR is
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Fig. 3.1 (a) Echocardiogram. Poor acoustic windows with a visually
estimated LVEF of 55%. a: Apical 4-chamber view at end diastole.
b: Apical 4-chamber at end systole demonstrating poor acoustic win-
dows in the setting of breast implants. c: Apical 2-chamber at end

diastole. d: Apical 2-chamber at end systole. e: Parasternal short axis
view at end diastole. f: Parasternal short axis view at end systole show-
ing poor endocardial definition.
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Fig.3.1 (continued) (b) CMR. Same patient as in (a), showing an  57%. c: 2-chamber cine image at end diastole. d: 2-chamber cine image
LVEF of 66%, RVEF of 57% and no myocardial fibrosis. a: 4-chamber  at end systole showing normal LV function and no evidence of wall
cine image at end diastole. b: 4-chamber cine image at end systole motion. e: Basal short axis cine image at end diastole. f: Basal short axis
showing normal ventricular function with LVEF of 66% and RVEF of  cine image at end systole showing normal ventricular function
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well-accepted as the gold standard technique for assessment
of left ventricular volumes, LVEF [1] and LV mass [2]. After
a simple non-contrast acquisition of a 3-dimensional stack of
contiguous short-axis cine images with full ventricular cov-
erage, LV and RV volumes and masses are quantified by pla-
nimetry for each slice and summed for the whole ventricles.
CMR has been demonstrated to perform better than two-
dimensional echocardiography [3] in identifying cancer
treatment-related cardiomyopathy. Additionally, CMR-
derived LV mass has been demonstrated to be associated
with major adverse cardiovascular events in patients treated
with anthracyclines [4].

Case 2

A 67-year-old-female with acute myeloid leukemia
(AML) treated with an anthracycline-based regimen, in
remission for the past 9 years, hypertension and morbid
obesity (body mass index of 48) was referred to cardiol-
ogy for evaluation of shortness of breath. An echocardio-
gram was performed to evaluate cardiac function and
showed poor acoustic windows and suboptimal image
quality despite the use of ultrasound contrast. The LVEF
was estimated at 40-45% (Fig. 3.2a). Given the reduced
diagnostic accuracy of the echocardiogram, a stress CMR
was requested to evaluate ventricular function and to eval-
uate for the presence of coronary artery disease. The stress
CMR revealed LVEF of 67%, RVEF of 56%, normal per-
fusion without inducible ischemia, and no myocardial
infarction or fibrosis (Fig. 3.2b).

Discussion

CMR can provide optimal image quality even in obese
patients without limitations of acoustic windows. The aver-
age CMR scanner can accommodate a weight of up to 550 1b
and a body girth (circumference) of 74 in. (60 cm bore diam-
eter). Newer wide-bore scanners can accommodate up to
86 in. (70 cm bore diameter). As in this case, a single CMR
study can provide a wide variety of information—ventricular
and atrial size and function, the presence or absence of isch-
emia, the presence or absence of myocardial infarction or
fibrosis, evaluation of valve disease, evaluation of the peri-
cardium, etc.

Case 3

A 61-year-old male with lymphoma treated with an
anthracycline-based regimen had a multiple gated acquisi-
tion scan (MUGA) for surveillance imaging that showed a
LVEF of 47% (Fig. 3.3, Panel A and B). A CMR performed
4 days later for evaluation of the cardiomyopathy revealed a
LVEF of 55% (Fig. 3.3, Panel C and D). A 61-year-old
female with breast cancer treated with an anthracycline-
based regimen had a MUGA for surveillance imaging that
showed a LVEF of 69% (Fig. 3.3, Panel E and F). A CMR
performed 7 days later for evaluation of the cardiomyopathy
revealed a LVEF of 44% (Fig. 3.3, Panel G and H). Figure
reproduced from Huang et al. [5].

Discussion

CMR has also been demonstrated to perform better than
MUGA [5] in identifying cancer treatment-related
cardiomyopathy. Because of its higher accuracy and
reproducibility, and superiority over two-dimensional
echocardiography and MUGA, CMR is the imaging tech-
nique of choice for longitudinal study of patients over
time [6], such as cancer patients under surveillance for
cardiotoxicity.

Case 4

A 61-year-old male was treated for Stage IIIB diffuse large
B-cell lymphoma in 2005 with four cycles of anthracycline-
based chemotherapy, attaining promptly remission. In 2014,
he had recurrence and received two cycles of anthracycline-
based therapy. A routine post-treatment MUGA showed an
LVEF of 46% and he was referred for a CMR to confirm and
further evaluate his cardiomyopathy. The CMR showed a
LVEF of 50%, RVEF of 45% and no evidence of myocardial
fibrosis (Fig. 3.4).

Discussion
Currently, RV function is not included in the definition of

cardiotoxicity. Recent studies have described the involve-
ment of the RV in cardiotoxicity—most often as RV dys-



3 Cancer Treatment-Related Cardiotoxicity: Role of Cardiovascular Magnetic Resonance Imaging

Fig. 3.2 (a) Echocardiogram. Poor acoustic windows with a visually  assess the lateral segment. c: Apical 2-chamber at end diastole with poor
estimated LVEF of 40-45%. a: Apical 4-chamber view at end diastole. b: ~ imaging quality. d: Apical 2-chamber at end systole with poor imaging
Apical 4-chamber at end systole with contrast enhanced imaging for bet-  quality. e: Parasternal short axis view at end diastole. f: Parasternal short
ter endocardial definition showing poor acoustic window and inability to  axis view at end systole with poor endocardial definition.
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Fig.3.2 (continued) (b) CMR. Same patient as in (a), showing normal
LV and RV function and no ischemia or scar. a: 4-chamber cine image at
end diastole. b: 4-chamber cine image at end systole showing clear endo-
cardial definition and normal biventricular function with LVEF of 67%

and RVEF of 56%. c: 2-chamber cine image at end diastole. d: 2-chamber
cine image at end systole showing normal LV function and no evidence of
wall motion. e: Basal short axis cine image at end diastole. f: Basal short
axis cine image at end systole showing normal biventricular function
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Fig. 3.3 Comparative Images of MUGA scan and CMR. (a) MUGA
image at end diastole for the first patient. (b) MUGA image at end
systole for the first patient. (¢) CMR short axis cine image at end dias-
tole for the first patient. (d) CMR short axis cine image at end systole
for the first patient. (¢) MUGA image at end diastole for the second

function [7-13]. However, most of these studies used
echocardiography as the imaging modality to evaluate the
RV [9-13]. Echocardiography of the RV is more difficult and
less reliable than that of the LV because of two main reasons:
first, the RV has a highly variable shape with relatively thin
free wall and with heavy trabeculations, and second, the RV
is in the near field of parasternal echocardiographic win-
dows, and may be obscured by ribs, sternum, or the lungs in
apical views [14]. CMR does not have these limitations and
is the preferred modality for evaluation of right ventricular
size and function. Studies on the prognostic value of right
ventricular function assessed using CMR are currently
underway.

Identifying the Etiology of Cardiomyopathy
in Patients with Suspected Cancer
Treatment-Related Cardiomyopathy

Case 5

A 66-year-old male with Stage IIB diffuse large B-cell lym-
phoma received eight cycles of anthracycline-based chemo-
therapy. Surveillance imaging with MUGA 5 years later
showed severe cardiomyopathy. A CMR showed severe
left ventricular dysfunction with a LVEF of 15% and no evi-

patient. (f) MUGA image at end systole for the second patient. (g) CMR
short axis cine image at end diastole for the second patient. (h) CMR
short axis cine image at end systole for the second patient. Reproduced
with permission from Huang et al. [5]

dence of late gadolinium enhancement (LGE) suggestive of
anthracycline-related cardiotoxicity (Fig. 3.5a). He subse-
quently had cardiac transplantation 1 year later and pathology
of the explanted native heart confirmed the diagnosis of
anthracycline-related cardiomyopathy.

Discussion

CMR is uniquely suited to differentiate between ischemic
and non-ischemic cardiomyopathies, and to help identify the
type of non-ischemic cardiomyopathy [15] (Fig. 3.5b).
Knowledge of the type and etiology of the cardiomyopathy
helps guide management and provides valuable prognostic
insights. In addition to differentiating between ischemic and
non-ischemic cardiomyopathy, CMR can help determine the
specific etiology of non-ischemic cardiomyopathy in many
cases with accurate diagnosis leading to disease guided
therapy.

Case 6

A 7l-year-old male with hypertension was diagnosed
with acute myeloid leukemia and treated with induction
chemotherapy idarubicin and cytarabine. His course was
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complicated by volume overload and heart failure. A CMR
showed LVEF 56%, RVEF 67% and moderate concentric LV
hypertrophy with maximal wall thickness of 1.7 cm. There
was no LGE to suggest the presence of myocardial infarction
or fibrosis (Fig. 3.6). Overall, the CMR findings were con-
sistent with hypertensive cardiomyopathy, which fit with the

Fig.3.4 CMR showing an
LVEF of 50%, RVEF of
45% and no myocardial
scar. a: 4-chamber cine
image at end diastole. b:
4-chamber cine image at
end systole showing
reduced RV function
compared to LV function. c:
Basal short axis cine image
at end diastole. d: Basal
short axis cine image at end
systole showing reduced RV
function compared to LV
function. e: Mid short axis
cine image at end diastole.
f: Mid short axis cine image
at end systole showing
reduced RV function
compared to LV function

patient history of long-standing poorly-controlled hyperten-
sion. He underwent bone marrow transplantation 6 months
later. Unfortunately, he had early relapse 100 days after
transplant with substantial decline in his functional status,
was referred to hospice and expired 3 months after the bone
marrow transplantation.
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Fig.3.5 (a) CMR showing biventricular
dysfunction and no LGE, suggestive of
anthracycline related cardiomyopathy. a:
4-chamber cine image at end diastole. b:
4-chamber cine image at end systole showing
poor LV function and central mitral regurgitation.
c: 4-chamber LGE image showing no evidence
of scar. d: Basal short axis LGE image showed
RV insertion site (arrow) LGE, a non-specific
finding shared by several cardiomyopathies. e:
Mid short axis LGE image showing no evidence
of scar. f. Apical short axis LGE image showing
no evidence of scar

Fig.3.5 (b) Algorithm for the use of CMR in
identifying the etiology of cardiomyopathy in a
cancer patient with newly diagnosed LV systolic
dysfunction
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Fig.3.6 CMR in a patient with
hypertensive cardiomyopathy.
a: 4-chamber cine image at end
diastole. b: 4-chamber cine
image at end systole showing
normal ventricular function and
LV hypertrophy. c: 4-chamber
LGE image showing no scar. d:
Basal short axis LGE image
showing no scar. e: Mid short
axis LGE image showing no
scar. f: Apical short axis LGE
image showing no scar

—
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Discussion

In addition to differentiating between ischemic and non-
ischemic cardiomyopathy, CMR can help determine the
specific etiology of non-ischemic cardiomyopathy in many
cases. This is, again, key to patient treatment and progno-
sis. For instance, beta-blockers are beneficial in some forms
of non-ischemic cardiomyopathy (e.g. idiopathic dilated
cardiomyopathy) but not others (e.g. cardiac amyloido-
sis). The prognosis also varies significantly depending on
the underlying cause of non-ischemic cardiomyopathy—
patients with idiopathic dilated cardiomyopathy have bet-
ter survival than those with infiltrative myocardial diseases
[16]. Hypertensive heart disease typically demonstrates left
ventricular hypertrophy, sometimes with mild patchy areas
of typically mid-myocardial LGE due to focal regions of
accentuated interstitial fibrosis. Stress cardiomyopathy typi-
cally has no LGE. Cardiac amyloidosis has a spectrum from
global sub-endocardial to global transmural LGE.

Case?7

A 49-year-old female with breast cancer was treated with
mastectomy and anthracycline-based and paclitaxel chemo-
therapy. She also had biopsy proven pulmonary sarcoidosis
and severe pre-capillary pulmonary hypertension. Four
months later, she presented with shortness of breath and
underwent a CMR that showed LVEF 47% and RVEF 35%.
There was no LGE (Fig. 3.7). Based on this, the etiology of
the cardiomyopathy was determined to be cardiotoxicity
from prior chemotherapy treatment and not cardiac
sarcoidosis.

Discussion

Etiologies of non-ischemic cardiomyopathy in which
LGE is typically absent include idiopathic dilated,
familial, stress, peripartum, or toxic (alcohol or cancer
treatment-related) cardiomyopathies [15]. Thus, in a

patient with suspected cancer treatment-related cardio-
toxicity, the presence of a cardiomyopathy without LGE
points towards cancer treatment as the likely etiology of
the cardiomyopathy.

Case 8

A 55-year-old female with stage I breast cancer was treated
with left modified radical mastectomy and anthracycline-
based regimen, and then completed 5 years of tamoxifen
therapy without evidence of recurrence. Surveillance
echocardiography showed LVEF 45% with regional wall
motion abnormalities. CMR was ordered for the evaluation
of cardiomyopathy and showed LVEF of 25% and RVEF
of 58%. It also showed LGE in a non-ischemic pattern
involving multiple segments in epicardial and transmural
patterns, which was consistent with cardiac sarcoidosis
(Fig. 3.8).

Discussion

LGE CMR allows a direct assessment of myopathic pro-
cesses and the pathophysiology underlying ischemic and
various types of non-ischemic cardiomyopathies [15].
Cardiomyopathies often manifest with distinct locations and
patterns of LGE and a pattern-recognition approach based on
the visualization of LGE helps in identifying the specific
etiology in most cases.

Cancer patients treated with potentially cardiotoxic treat-
ments may also have other co-existing cardiac conditions
that may be identified based on the LGE location and pattern.
Cardiac sarcoidosis is diagnosed based on the presence of
late gadolinium enhancement typically in a non-ischemic
pattern with multiple foci of involvement manifesting as skip
lesions and asymmetric depth of involvement between
various lesions in the myocardium. Involvement of the RV
side of the interventricular septum is seen in >80% of cases
and in a patient with extra-cardiac sarcoidosis is highly sug-
gestive of cardiac sarcoidosis.
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Fig.3.7 CMR showing
reduced LV and RV function.
a: 4-chamber cine image at
end diastole. b: 4-chamber
cine image at end systole
showing mildly reduced
LVEEF, septal bowing, dilated
RV and moderately reduced
RVEEF. c: 4-chamber LGE
image showing no scar. d:
Basal short axis LGE image
showing no scar. e: Mid short
axis LGE image showing no
scar. f: Apical short axis LGE
image showing no scar
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Fig.3.8 CMR, showing 4
findings suggestive of cardiac
sarcoidosis. a: 4-chamber cine
image at end diastole. b:
4-chamber cine image at end
systole showing severely
reduced LVEF and
asymmetrical mid-septal
thinning. c: 4-chamber LGE
image showing LGE in the
mid-septal segment. d: Basal
short axis LGE image
showing two areas of
transmural LGE in the
anterior and inferior
segments. There is also
involvement of the superior
portion of the RV free wall. e:
Mid short axis LGE image
showing similar findings as
above. f: Apical short axis
LGE image showing septal
mid-wall and inferior
epicardial LGE
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Case 9

A 61-year-old-male with metastatic esophageal cancer, on
palliative chemotherapy with oxaliplatin, 5-fluorouracil, and
folinic acid, presented with bigeminy on ECG. A CMR
showed LVEF of 50%, RVEF of 50% and subendocardial
LGE in the basal inferior and inferolateral segments consistent
with prior myocardial infarctions in the right coronary artery
and left circumflex coronary artery territories (Fig. 3.9).

Fig.3.9 CMR, showing
ischemic pattern of LGE due
to underlying coronary artery
disease (CAD). a: 4-chamber
cine image at end diastole. b:
4-chamber cine image at end
systole showing mildly
reduced LVEF and normal
RVEE. c¢: 4-chamber LGE
image showing sub-
endocardial LGE in the basal
lateral segment. d: Basal short
axis LGE image showing
sub-endocardial LGE in the
anterolateral segment. e: Mid
short axis LGE image
showing sub-endocardial
LGE in the anterolateral and
inferior segments. f: Apical
short axis LGE image
showing no LGE

Discussion

CAD is not uncommon among cancer patients since both can-
cer and CAD are associated with older age. The ischemic pat-
tern of LGE from CAD always involves the subendocardium
(i.e., it is subendocardial or transmural), and it is in a region
consistent with the perfusion territory of an epicardial coronary
artery. Ischemic cardiomyopathy is associated with reduced
survival compared with non-ischemic cardiomyopathy [16].
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Case 10

An 80-year-old-female with CAD treated with percutaneous
coronary intervention to the right coronary artery 10 years
ago and moderate aortic stenosis had breast cancer treated
with left mastectomy and trastuzumab therapy. The initial
plan for chemotherapy was 12 months of trastuzumab, but
therapy was stopped during the tenth month due to an abnor-
mal MUGA that showed a LVEF of 43%. A CMR was

Fig.3.10 CMR showing
myocardial infarction in the
RCA territory. a: 4-chamber
cine image at end diastole. b:
4-chamber cine image at end
systole showing a LVEF of
53%. c: 4-chamber LGE
image showing sub-
endocardial LGE in the mid
inferolateral segment. d:
Basal short axis LGE image
showing and no scar. e: Mid
short axis LGE image
showing transmural LGE in
the inferior and inferolateral
segments. f: Apical short axis
LGE image showing LGE in
the inferior and lateral
segments

ordered to evaluate the etiology of cardiomyopathy and it
showed LVEF of 53% and basal inferior LGE in a subendo-
cardial pattern in the right coronary artery territory, consis-
tent with a myocardial infarction in the RCA territory
(Fig. 3.10). While CMR showed a myocardial infarction, the
LVEF was not as low as demonstrated by the MUGA, and
the patient was able to resume the trastuzumab therapy to
complete 12 months of therapy without any further
incidents.
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Discussion

Pre-existing CAD is a risk factor for anthracycline and
trastuzumab-related cardiotoxicity. Pre-treatment evalua-
tion by CMR in high-risk patients can identify patients
with myocardial scar from myocardial infarction or other
causes, which predicts a higher risk for subsequent
cardiotoxicity.

Fig.3.11 CMR, showing
valvular disease. a: 4-chamber
cine image at early diastole
showing flow acceleration
across the mitral valve
consistent with mitral
stenosis. b: 4-chamber cine
image at mid systole showing
a regurgitant jet across the
mitral valve consistent with
mitral regurgitation. c:
3-chamber cine image at early
diastole showing flow
acceleration across the mitral
valve consistent with mitral
stenosis. d: 3-chamber cine
image at mid systole showing
a regurgitant jet across the
mitral valve consistent with
mitral regurgitation. e:
3-chamber LGE image
showing no fibrosis f:
4-chamber LGE image
showing no fibrosis

Case 11

A 70-year-old-female had Hodgkin lymphoma 40 years ago
treated with anthracycline-based chemotherapy and mantle
radiation therapy. Echocardiography revealed an abnormal
LVEF that led to a CMR. The CMR showed LVEF of 44%,
RVEF of 54%, moderate aortic insufficiency, mitral stenosis,
mild mitral insufficiency and mild tricuspid insufficiency (Fig.
3.11). Figure 3.11, shows the mitral valve disease in this patient.
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Discussion

While echocardiography is the first-line modality for evalua-
tion of valvular dysfunction, CMR can also provide informa-
tion on the presence or absence of valvular heart disease, and
the severity of the valvular dysfunction using flow CMR [17].

Case 12

A 54-year-old female with myelodysplastic syndrome that
progressed to acute myeloid leukemia, treated with bone
marrow transplantation with subsequent relapse was being

Fig.3.12 Cardiac Magnetic
Resonance (CMR) imaging,
showing Myocardits:

a: 4-chamber cine image at
end diastole. b: 4-chamber
cine image at end systole
showing mildly reduced
LVEF and RVEF of 53%. c:
4 chamber LGE image
showing epicardial LGE in
the basal lateral segment.

d: Basal short axis LGE
image showing epicardial
LGE in the lateral and inferior
segments. e: Mid short axis
LGE image showing no scar.
f: Apical short axis LGE
image showing no scar

treated with a regimen that included brentuximab, an
antibody-drug conjugate, when she was referred to cardiol-
ogy for evaluation because a troponin was checked prior to
haplo-natural killer cell therapy and was found to be ele-
vated. The CMR showed LVEF of 53%, RVEF of 53% and
epicardial LGE in the basal lateral and inferior segments,
consistent with myocarditis (Fig. 3.12).

Discussion

Potential etiologies of cardiomyopathy that may be more prev-
alent in cancer patients than the general population include
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myocarditis, as a toxic manifestation of cyclophosphamide
[18] or more recently, of immune checkpoint inhibitors [19],
stress cardiomyopathy and cardiac amyloidosis. Myocarditis
typically has an epicardial, multifocal pattern of LGE, with
mid-myocardial LGE also prevalent. Stress cardiomyopathy
typically has no LGE. Cardiac amyloidosis has a spectrum
from global sub-endocardial to global transmural LGE.

Identification of Intracardiac Thrombus

Case 13

A 52-year-old male with diffuse large B-cell lymphoma
treated with anthracycline-based chemotherapy was found to

Fig.3.13 CMR, showing
findings of non-ischemic
cardiomyopathy with
intra-cardiac and LV apical
thrombus. a: 4-chamber cine
image at end diastole. b:
4-chamber cine image at end
systole showing severely
reduced LVEF and
moderately reduced RVEF. c:
4-chamber long-TI LGE
image showing an apical
thrombus measuring
1.7cmx 1.5cm x 1.1 cm. d:
2-chamber long-TI LGE
image showing the apical
thrombus. e: Mid short axis
long-TI LGE image showing
a small inferior RV thrombus.
f: Apical short axis long-TI
LGE image showing the
apical LV thrombus

have abnormal LVEF on surveillance echocardiography. A
CMR performed for further evaluation of the cardiomyopathy
revealed LVEF of 25%, RVEF of 36% and no LGE, consistent
with a non-ischemic cardiomyopathy, likely anthracycline-
related cardiotoxicity. Also noted was a LV apical thrombus
measuring 1.7 cm x 1.5 cm x 1.1 cm (Fig. 3.13).

Discussion

Cancer patients are at an increased risk for intracardiac
thrombi due to the frequent use of central venous catheters
and the hypercoagulable milieu associated with cancer.
CMR is very sensitive for identification of intracardiac
thrombus and LGE CMR using the “long inversion time”
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technique is now considered the gold standard for evaluation
of intracardiac thrombus [20, 21].

Case 14

A 35-year-old-male with Hodgkin lymphoma was treated with
an anthracycline-based regimen, and eventually underwent
autologous stem cell transplantation. A CMR was performed
after abnormal LV function was noted on echocardiogram and
showed LVEF of 40%, RVEF of 48% and a non-mobile mass
(thrombus) attached to the inferior right atrial wall near the
junction of the right atrium and the inferior vena cava, measur-
ing 2.3 cm x 1.7 cm X 1.6 cm in close proximity to the tip of a
catheter in the right atrium (Fig. 3.14).

Fig.3.14 CMR, showing a
non-mobile mass attached to
the right atrial wall. a:
4-chamber cine image at end
diastole showing a mass in the
right atrium. b: 4-chamber
cine image at end systole
showing mildly reduced
LVEF and mildly reduced
RVEF. c: 4-chamber long-TI
LGE image showing a right
atrial thrombus measuring
23cmx 1.7cmx 1.6 cm. d:
2-chamber long TI LGE
image showing the right atrial
thrombus. E: Short axis long
TI LGE image at the level of
the right atrium and inferior
vena cava junction showing
the right atrial thrombus. f:
Short axis long TI LGE image
at the level of the right atrium
showing the right atrial
thrombus

Discussion

Due to CMR’s ability to characterize tissue accurately, it can
distinguish between cardiac tumors, foreign bodies such as
catheters and cardiac thrombi with high precision.

Emerging Applications of CMR

Case 15

A patient with breast cancer receiving adjuvant trastuzumab
therapy was referred with concern of cardiotoxicity. The
LVEF by CMR was 54%. Myocardial strain analysis was
performed using a feature-tracking algorithm. The peak
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Fig.3.15 Myocardial strain
analysis. a: Assessment of
longitudinal strain from a
4-chamber cine image. b:
Assessment of circumferential
strain from a short axis cine
image (reproduced with
permission from
Thavendiranathan et al. [22])

systolic global longitudinal strain was mildly reduced (Fig.
3.15; top panel), whereas circumferential strain was in the
normal range (Fig. 3.15; bottom panel). Yellow arrows (left)
represent velocity vectors; curves represent strain measure-
ments in each of the myocardial segments (six segments) and
a global curve (black). Figure and descriptions reproduced
with permission from Thavendiranathan et al. [22].

Discussion

Early reduction in myocardial strain or strain rate using
echocardiography has been shown to predict subsequent car-
diotoxicity. Similarly, CMR-based techniques evaluating
strain are currently being studied for the early identification
of injury and prediction of subsequent cardiotoxicity [22].

Case 16

A 50-year-old female with breast cancer received T, map-
ping as part of a clinical study for the prediction of cardio-
toxicity using CMR. The LVEF and RVEF were normal and

Peak Systolic Global
Longitudinal strain
-16.1%

Peak Systolic
Circumferential strain
-21.6%

the LGE images showed no fibrosis. The ECV was normal at
29% (Fig. 3.16).

Discussion

T, mapping is a relatively new technique that can be used to
detect subclinical pathophysiologic processes that influence
cardiac function, manifesting as an increase in extracellular
volume (ECV). Potential mechanisms for increase in the
ECV after anthracycline therapy include inflammation and
edema (in the short-term) and interstitial fibrosis (in the short
and long terms). This technique holds great promise for
advances in the prediction, early diagnosis and prognostica-
tion of cancer treatment-related cardiomyopathy [23-25].

Case 17

A 62-year-old female with breast cancer had aortic stiffness
evaluation by CMR as part of a clinical study for the predic-
tion of cardiotoxicity using CMR (Fig. 3.17). Both aortic
distensibility and aortic pulse wave velocity were normal.
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Fig.3.16 CMR with T,
mapping. a: Color map of
4-chamber image for
pre-contrast Ty mapping. b:
Color map of mid short axis
image for pre-contrast T,
mapping. c. Color map of
4-chamber image for
post-contrast T mapping. d:
Color map of mid short axis
image for post-contrast T}
mapping. e: 4-chamber LGE
image showing no scar. f: Mid
short axis LGE image
showing no scar

Discussion

In two studies examining the impact of anthracycline therapy
on aortic stiffness measured by CMR, patients receiving
anthracyclines for breast or hematologic malignancies had a

significant increase in pulse wave velocity and decrease in
ascending aortic distensibility between baseline and 4 and 6
months [26, 27]. These studies demonstrate that aortic stiff-
ness has the potential to be used as an early predictor of
cardiotoxicity.
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Fig.3.17 Aortic stiffness
evaluation by Cardiac
magnetic resonance (CMR)
imaging. a: Axial cine image
of the ascending and
descending aorta in diastole.
b: Axial cine image of the
ascending and descending
aorta in systole demonstrating
aortic distensibility. c:
Measurement of the distance
between ascending and
descending thoracic aorta by
tracing the centerline of the
aortic lumen for calculation of
aortic pulse wave velocity. d:
Flow CMR image across the
ascending and descending
aorta at the level of the
pulmonary artery for
calculation of aortic pulse
wave velocity
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Imaging to Diagnose Myocarditis,
Cardiomyopathy, Tumor and Thrombus

Sujethra Vasu and W. Gregory Hundley

Abstract

Patients with cancer and concomitant cardiovascular disease frequently need various imag-
ing investigations to arrive at a correct diagnosis.

In this chapter we provide some illustrative cases and briefly discuss the pertinent imaging
findings in patients with myocarditis, myocardial infarction, cardiac mass and cardiomyopathy.
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Myocarditis ® Cardiomyopathy ¢ Cardiac mass

Case 1:What Is the Reason for the Elevated
Troponin?

(a)

(b)

A 48 year old man with limited stage small cell lung
cancer, receiving chemotherapy presented with chest
pain. The 12 lead ECG was normal but the troponin was
elevated to 13.0 ng/L Left ventricular (LV) systolic func-
tion was normal with an LV ejection fraction (EF) of
55%. Due to normal ECG and clinical presentation the
possibility of myocarditis was raised. A cardiac mag-
netic resonance (CMR) imaging was done, which
showed distal left anterior descending (LAD) artery ter-
ritory infarction without significant ischemia in the
remaining LAD territory (Figs. 4.1 and 4.2). A diagnosis
of myocardial infarction was made and patient dis-
charged on aspirin, statin and ACE inhibitors. A coro-
nary angiogram was not done given the inability to
continue uninterrupted dual antiplatelet therapy.

A 21 year old male, with symptoms suggestive of an
upper respiratory illness presented with acute chest pain and
was found to have troponin elevation to 32 ng/mL. Coronary
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CT angiography (CTA) was done which confirmed nor-
mal origin of coronary arteries and no evidence of coro-
nary artery disease. CMR was done to assess for
myocarditis, which showed findings consistent with
myocarditis (Fig. 4.3). Below are short axis images
which showed subepicardial scar involving the inferolat-
eral and anterolateral segments. Both these segments
also had markedly elevated T2 values suggesting this is
an acute process (T2 values of 70 ms, normal 45-50 ms).

Teaching points
1. CMR is valuable in identifying infarct pattern from myo-

carditis. This has therapeutic implications particularly in
cancer patients who have high bleeding risks.

. Myocardial infarction produces a pattern which is either

subendocardial or transmural scar. Due to the wave front
phenomenon of myocardial injury, the subendocardium is
most sensitive to ischemia and is susceptible to infarction.
In contrast other myocardial processes that do not involve
coronary involvement lead to “subepicardial” scar pat-
terns and furthermore not confined to a coronary territory.
T2 mapping has been established as a method to identify
acute myocarditis and has been validated in studies that
have also used endomyocardial biopsy to establish diag-
noses of myocarditis [1, 2].
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Fig. 4.1 (a) (Diastolic frame) and (b) (Systolic frame): Apical 4 chamber view of the heart shows normal wall thickening of the all segments.
Figure (c) shows focal myocardial infarction of the apical anterolateral wall (red arrows)

Fig. 4.2 (a) (Diastolic frame) and (b) (Systolic frame): Apical 2 chamber view of the heart shows normal wall thickening of the all segments.
Figure (c) shows focal myocardial infarction of the apical anterior wall (red arrow)

Fig.4.3 CMR showing findings of Myocarditis. Short axis images showing subepicardial scar involving the inferolateral and anterolateral seg-
ments. Both these segments also had markedly elevated T2 values suggesting this is an acute process, (T2 values of 70 ms, normal 45-50 ms)
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Case 2:What Is This Mass?

A 59 year old female, with history of atrial fibrillation, mitral
regurgitation and a rapidly growing mass in the left forearm
presented with worsening fatigue. In the emergency depart-
ment a CT angiogram was done which revealed two left
atrial masses. A transthoracic echocardiogram (TTE) showed
a hypoechoic mobile mass in the left atrium, which was
2.8 x 2.5 cm in size (Fig. 4.4). A cardiac MRI was done to
differentiate between tumor and thrombus. The cardiac MRI
showed two masses, one in the left atrial appendage and the
other in the left atrium (Figs. 4.5 and 4.6). The left atrial
mass was bright on T2 weighted images, bright on fat satura-
tion, with no evidence of perfusion. Also on post contrast
delayed enhancement imaging, it was hypointense. Further
confirmation of thrombus was noted, with T1 time of 600 ms.
Given the appearance of the bright mass on steady state free
precession images (SSFP) images, cystic transformation of a
thrombus was the most likely explanation. Further workup
including a biopsy of the lesion in her forearm was recom-
mended, but the patient declined.

Teaching points

1. CMR is valuable in identifying whether a mass is a tumor
or a thrombus. It can also easily distinguish benign tumors
such as lipomas. Using a variety of techniques from T1
and T2 characterization, perfusion and dynamic changes
after contrast administration along with T1 and T2 map-
ping, we can accurately characterize a mass.

TIS0.3 MI1.2

w

Using contrast echocardiography, a filling defect con-
firms a mass. A mass in the setting of adjacent myocardial
akinesis is most likely to be a thrombus. However using
MRYI, the tissue characteristics of the mass i.e. fat, cyst or
thrombus can be accurately assessed using T1 and T2
weighted sequences and its change after gadolinium
administration provides clues regarding perfusion of the
mass [3]. MRI can demonstrate the lack of vascular perfu-
sion of a thrombus using first pass perfusion sequences. In
addition, T2 and T1 mapping can identify thrombi based
on tissue characterization. For example, an inversion time,
to null thrombus specifically, i.e. 600 ms, in a delayed
enhancement image, can accurately differentiate thrombus
from other masses i.e. myxoma [4].

Case 3:What Is the Reason for the Persistent
Lower Extremity Edema?

A 34 year old man with 6 months of abdominal bloating,
diarrhea initially diagnosed as irritable bowel syndrome but
eventually found to have stage 4 neuroendocrine tumor of
the pancreas with liver metastasis and presented to the clinic
with progressive lower extremity swelling. Examination
revealed a holosystolic murmur in the tricuspid area, which
increased with inspiration. A TTE showed moderate tricus-
pid regurgitation and normal RV size and function, with sig-
nificant increase in the tricuspid regurgitation relative to a
TTE done 6 months ago (Figs. 4.7, 4.8 and 4.9). He also had

Fig.4.4 (a) (Apical 3 chamber) and (b) (Magnified frame of the prior image). The images show a cystic mass in the left atrium. The red arrow

points to the mass
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Fig.4.5 (a and b) Cardiac
MRI images of the left atrium
in a sagittal plane are shown.
Figure (a) shows the cystic
mass in a cine image. Figure
(b) shows the lack of
perfusion during first pass
gadolinium administration.

(c and d) Cardiac MRI images
of the left atrium in a sagittal
plane are shown. Figure (c)
shows the bright mass on a T2
weighted image, suggestive of
a thrombus. Figure (d) shows
the hypointense mass on a
post contrast delayed
enhancement image. T1 times
assessed by T1 mapping were
600 ms consistent with
thrombus (not shown)
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Fig.4.6 (a—c) Cardiac MRI images of the left atrium in an axial plane ~ Shows the lack of perfusion during first pass gadolinium administration
are shown. (a) Shows the bright mass, large mass inside the left atrium  of both the left atrial and the appendage masses. (¢) Shows the hypoin-
and a smaller mass within the left atrial appendage, on a cine image. (b)  tense masses on a post contrast delayed enhancement image

Fig. 4.8 (a) (Diastolic frame) shows noncoaptation of the pulmonic valve (red arrows) and Figure (b) shows moderate turbulent pulmonic
regurgitation
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Fig. 4.9 (a) Shows turbulent jet of tricuspid regurgitation. Figure (b) shows normal Right ventricular size. Right ventricular function was also
normal (not shown)

moderate pulmonic regurgitation. He had a history of mark-
edly elevated 5 HIAA, >5000 and was receiving somatosta-
tin. Although he initially responded to diuresis, he developed
refractory lower extremity swelling. Hypoalbuminemia and
IVC compression were ruled out. He developed progressive
severe tricuspid regurgitation and required tricuspid valve
replacement.

Teaching points

1. Carcinoid heart disease is a rare entity. It can however
cause debilitating symptoms of peripheral venous con-
gestion and edema. Prompt identification is critical and
symptomatic management is the norm. However in
selected patients where primary tumor is well controlled,
tricuspid valve replacement is done.

Case 4: Unusual Etiology of Cardiomyopathy
While Receiving Chemotherapy

A 79 year old female, with inflammatory breast cancer, and
normal LV systolic function at baseline had finished
receiving two cycles of Adriamycin. She had profound
fatigue, was found to be anemic with a Hgb of 6 for which
she received 2 units of PRBCs. Within 4 h of transfusion,
she returned to the emergency department (ED) with acute
dyspnea, orthopnea and chest pain. She was in florid heart

failure with fluid overload. A 12 lead ECG showed a new
LBBB with elevated troponin of 4.0 ng/L. A TTE demon-
strated basal hyperkinesis with mid to distal akinesis
(Figs. 4.10 and 4.11). A clinical diagnosis of cardiomyopa-
thy/heart failure due to adrimaycin and concomitant
NSTEMI was made and a coronary angiogram was done,
which did not show any significant disease. A TTE demon-
strated basal hyperkinesis with mid to distal akinesis. A
diagnosis of stress (Takotsubo) cardiomyopathy was made
and medical therapy was instituted which included a low
dose beta blocker. On follow up in the clinic the patient was
symptomatically markedly improved with no heart failure
symptoms and a repeat TTE 2 weeks later revealed, normal
LV systolic function with normal wall motion (Figs. 4.12
and 4.13). Diagnosis was stress cardiomyopathy and not
related to anthracycline use.

Characteristic LV gram and global longitudinal strain
polar map (from other patients with stress (Takotsubo) car-
diomyopathy) are shown in Figs. 4.14 and 4.15 respectively.

Teaching points

1. While anthracycline mediated cardiomyopathy is the
most common etiology of cardiomyopathy in cancer
patients exposed to this drug, the specific pattern of stress
cardiomyopathy should warrant suspicion of stress car-
diomyopathy. In patients not receiving cardiotoxic che-
motherapy, stress cardiomyopathy should be entertained
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Fig.4.10 (a) (Diastolic frame) and (b) (Systolic frame): Apical 4 chamber view of the heart shows show normal wall thickening and reduction of
intra-cavity space only at the basilar level

Fig.4.11 (a) (Diastolic frame) and (b) (Systolic frame): Apical 2 chamber view of the heart shows normal wall thickening and reduction of intra-
cavity space, only at the basilar level

as a differential when patients have an abrupt presentation tional stressors as triggers for stress cardiomyopathy in
similar to the one outlined above. cancer patient. Multiple studies have identified patients
Munoz et al. have identified common stressors, i.e. with malignancy as a vulnerable population for stress car-

surgery, radiation, chemotherapy, acute illness and emo- diomyopathy [5-7].
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Follow up imaging

Fig.4.12 (a) (Diastolic) and (b) (Systolic frame): Apical 4 chamber view of the heart shows normal wall thickening

Follow up imaging

Fig.4.13 (a) (Diastolic frame) and (b) (Systolic frame): Apical 2 chamber view of the heart showing normal wall thickening
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Fig.4.14 LV gram from another Diastole
patient with Takotsubo
cardiomyopathy showing apical
ballooning (Image courtesy of
Dr. C. Iliescu)

Peak Systolic Strain

Fig.4.15 Global longitudinal
strain polar map: Predominant
apical segmental abnormality
polar map pattern in a patient
with classic apical ballooning
syndrome variant of stress
cardiomyopathy. Note the
marked difference isolated to
the five apical segments on
the polar map LV
representation, atypical for a
specific coronary distribution.
(Image courtesy of Dr.

J. Banchs)




42

S.Vasu and W.G. Hundley

Case 5: Other Causes of Cardiomyopathy
in Patients with Cancer

While evaluating the etiology of heart failure, CMR can be
helpful to identify amyloidosis, hypertrophic cardiomyopa-
thy or iron overload. For example in amyloidosis, the basal
slices show diffuse myocardial scar with preservation of the
apex, as shown in Fig. 4.16. In addition the presence of trans-
mural myocardial scar and right ventricular scar as well
helps differentiate the types of amyloidosis (Transthyretin
related amyloidosis) from light chain amyloidosis [8]. CMR
can also be used to identify hypertrophic cardiomyopathy

especially the phenotypic variants, i.e. Apical variant in
addition to the asymmetric septal hypertrophy as outlined in
this review by Maron et al. [9].

Basal slices are represented in A and B while the apical
slice is shown in C. Basal slices have diffuse myocardial
fibrosis in a near transmural pattern, in contrast to the apical
slices which have no fibrosis. This correlates with the preser-
vation of apical strain, with severe reduction of basal strain
using echocardiography (Fig. 4.17).

Figure 4.18 shows the typical ECG and echocardiogram
findings in a patient with biopsy proven cardiac
amyloidosis.

Fig.4.16 CMR showing cardiac amyloidosis. Basal slices are represented in (a) and (b) while the apical slice is shown in (c¢). Basal slices have
diffuse myocardial fibrosis in a near transmural pattern, in contrast to the apical slices which have no fibrosis

Fig.4.17 Echocardiogram: Global longitudinal strain polar map,
in a patient with cardiac amyloidosis, showing preservation of
apical strain with severe reduction of basal strain (Image courtesy
of Dr. S.W. Yusuf)

Peak Systolic Strain
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Fig.4.18 Cardiac amyloidosis. (a) A 12 lead ECG showing low voltage complexes. (b) Echocardiogram: Apical 4 chamber view showing ven-
tricular hypertrophy and atrial dilatation. (¢) Mitral inflow showing restrictive pattern (Images courtesy of Dr. S.W. Yusuf)

markers in patients with systolic dysfunction. ] Am Coll Cardiol.
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Takotsubo Syndrome and Cancer

Joaquim Cevallos and Alexander Lyon

Abstract

Takotsubo Syndrome (TTS) is defined by transient ventricular dysfunction in the absence
of culprit obstructive coronary artery disease. During acute presentation, patients present
with typical ECG, echocardiographic and cardiac magnetic resonance imaging features. We
present two cases of TTS in the context of cancer, with a wide range of complimentary tests,
and then briefly discuss the pathophysiology and clinical presentation of TTS, highlighting
the importance of appropriate management of TTS both during the acute phase and follow-
up. The association between TTS and cancer is mentioned, with the possibility, in some

cases, that TTS represents a paraneoplastic syndrome.

Keywords

Takotsubo syndrome ¢ Stress cardiomyopathy ¢ Heart failure * Prolonged QT ¢ Metastatic

cancer ®* Chemotherapy

Clinical Cases
Case 1

A 75 year old lady was admitted to her oncology unit after
feeling generally unwell over the previous month, with
increasing generalised pain, appetite suppression and dehy-
dration. She had background of metastatic thyroid cancer,
for which she had recently been started on multiple VEGFR
kinase inhibitor Lenvatinib. She also had previous history
of hypertension, which was treated with Propranolol and
Amlodipine. Her blood pressure had been more difficult to
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control since initiation of Lenvatinib. Her cardiovascular
assessment prior to treatment confirmed normal left ven-
tricular ejection fraction (LVEF) with mild left ventricular
hypertrophy with no regional wall motion abnormalities.

During her admission, most of her medications were dis-
continued, including her Lenvatinib and Propranolol. The
patient became increasingly anxious as a result of her health
condition and withdrawal of her targeted molecular cancer
therapy. Four days following admission she awoke in the
middle of the night with central chest pain. She remained hae-
modynamically stable and her initial ECG showed unspecific
ST changes in the precordial leads with flattening T waves.
As the patient remained pain-free and there was no definite
ST elevation, an urgent angiogram was withheld. The next
morning blood tests confirmed her Troponin I peaked at
158 ng/L (normal range < 20) with a BNP of 2202 ng/L (nor-
mal range < 20). Evolving ECGs showed isoelectric J point
with widespread T wave inversion and prolonged QTc
(Fig. 5.1). She was then transferred to our cardiac unit.

Her resting transthoracic echocardiogram showed apical
akinesia (Fig. 5.2). This, in conjunction with a modest Troponin
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Fig.5.2 Echocardiographic images during the acute phase of TTS. (a)  systole showing good contraction of basal segments with septo-apical
Apical 4-chamber view at the end of diastole showing normal cavity  dyskinesia (arrows).
size and myocardial thickness. (b) Apical 4-chamber view at the end of



5 Takotsubo Syndrome and Cancer

47

Fig.5.3 CMR images with LGE and STIR. (a) Two-chamber view at
end-diastole showing normal cavity size and wall thickness. (b) Two-
chamber view at end-systole with apical dyskinesia (see red arrows).
(¢) Four-chamber view at end-diastole. (d) Four-chamber view at end-
systole with septo-apical dyskinesia (see red arrows). (e) Four-chamber

rise and substantial ECG changes and BNP elevation raised the
suspicion of Takotsubo syndrome (TTS). A Cardiac Magnetic
Resonance (CMR) scan was performed, which confirmed the
diagnosis: apical akinesia in the absence of myocardial infarc-
tion on late gadolinium enhancement (LGE). Furthermore, the
Short TI Inversion Recovery (STIR) sequences confirmed the
presence of oedema/inflammation in the apical myocardium,
as typically observed in TTS patients (Fig. 5.3). An invasive

LGE. No evidence of uptake ruling out scarring or fibrosis. (f) Short
axis LGE at mid-ventricular level. No evidence of LGE. (g) STIR
image at mid-ventricular level. There is an area of oedema in the antero-
septum (red arrow). (h) STIR image at the apex shows extension of
oedema to the antero-apical segment (red arrow)

angiogram was deemed unnecessary and a CT coronary angio-
gram (CT-A) ruled out significant coronary disease (Fig. 5.4).
The patient was monitored in a level 2 setting under ECG
monitoring and treated with low dose of Carvedilol. Her QTc
remained prolonged (532 ms) with partial improvement with
intravenous magnesium supplementation. She recovered
over the next 4 days, and was discharged back home and
cancer treatment was switched to Vandetanib. Unfortunately,
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Fig. 5.4 CT-A showing absence of significant coronary disease. (a)
Unobstructed left main (LM), Left Anterior Descending (LAD) and
Circumflex coronary arteries. (b) Proximal Right Coronary Artery

she did not tolerate chemotherapy and died 2 months later as
a result of her metastatic malignancy.

Case 2

A 62 year old lady presented in the accident and emergency
(A&E) Department with central chest pain. She had a back-
ground of hypertension and a previous hysterectomy with
bilateral oophorectomy at the age of 45. She was on no regular
medication. She had been under increasing stresses in the pre-
vious months due to personal issues including illness in a fam-
ily member and death of her family dog. Her ECG showed
acute ST changes (Fig. 5.5) which, in conjunction with persis-
tent chest pain in spite of standard management, prompted an
urgent coronary angiogram (Fig. 5.6). There were no flow-lim-
iting lesions, albeit a significant lesion in the origin of the first
diagonal. During the procedure, the patient ended pain free. As
a consequence, she was managed medically with carvedilol,
enalapril, aspirin and statins, with symptomatic relief.

An echocardiogram was performed (Fig. 5.7), showing
apical and mid-ventricular circumferential hypokinesia with
hyperdynamic basal segments. There was no significant left
ventricular outflow tract obstruction. The CMR (Fig. 5.8)
showed mid-ventricular and apical wall motion abnormali-
ties, with no evidence of myocardial infarction or fibrosis.
Active and extensive oedema of the hypokinetic segments
was present on the STIR images. The patient remained moni-
tored while her QTc remained extremely prolonged (>
500 ms), and she recovered over 6 days.

Following discharge, the patient was still reporting angi-
nal symptoms, mainly on exertion but also in the context of
anxiety. A physiological stress echocardiogram was per-

(RCA) with no evidence of atheroma. (¢) Distal RCA and posterior
descendant artery (PDA) with no significant disease

Fig.5.5 Serial ECGs during acute phase of TTS. (a) Flattening T wave
in the anterior leads with inversion in V4-V6. (b) Widespread T wave
inversion with associated QTc prolongation (540 ms)

formed (Fig. 5.9), which confirmed stress-inducible apical
akinesia. For completion, a cardiac Iodine-123 meta-iodo-
benzyl-guanidine (mIBG) scan was requested to assess for
sympathetic myocardial innervation (Fig. 5.10). It confirmed
areduction in the noradrenaline uptake and functional inner-
vation of the apical segments, in keeping with a recent epi-
sode of TTS.
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Fig.5.6 Coronary angiography during acute presentation—significant ~ Diagonal branch (red arrow). (b) Moderate lesion in the mid RCA (see
but non-limiting flow lesions: (a) Unobstructed LM, LAD and red arrow)
Circumflex coronary arteries. There is a significant lesion in the first

Fig. 5.7 Four-chamber apical views on transthoracic Echo. (a) End-diastole. (b) End-systole. Note hyperdynamic bases and apical ballooning
(red arrows)
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The patient was followed up in our heart failure service,
with a program of cardiac rehabilitation and psychological
input. She eventually managed to control her symptoms.
Two years after the episode, she was diagnosed of a right
breast cancer.

Discussion

Takotsubo syndrome (TTS) is defined by chest pain in the
presence of transient regional wall motion abnormalities of
left, right or both ventricles, which frequently extend beyond

a single coronary distribution, in the absence of culprit coro-
nary artery disease or other forms of cardiomyopathy [1].
The acute event is usually preceded by a stressful trigger,
either emotional or physical. Contributing factors, although
not diagnostic, are post-menopausal women (90% of cases),
acute cerebrovascular accidents, drug abuse, mood disor-
ders, malignancy, chronic liver disease and sepsis [2].
Electrocardiographic abnormalities comprise new and
reversible ST-segment elevation or depression, acute left
bundle branch block, T wave inversion (typically deep and
widespread) and QTc prolongation, which is a risk factor for
cardiac arrest and warrants ECG-monitoring in the acute

Fig.5.8 CMR typical of Takotsubo syndrome. (a) Two-chamber (end-diastole). (b) Two-chamber (end-systole). Distinct apical dyskinesia (see
arrows). (¢) Four-chamber (end-diastole). (d) Four-chamber (end-systole). Distinct septo-apical dyskinesia (see arrows).
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Fig.5.8 (continued) (e) Absence of LGE in the 4-chamber view. (f) Absence of LGE in the 2-chamber view. (g) Extensive apical oedema in the

STIR images (see arrow)

phase. The degree of elevation of natriuretic peptides (BNP
or NT-proBNP) is disproportionately high as compared to a
mild cardiac troponin rise, given the degree of myocardial
dysfunction.

Based on cardiac imaging, there have been various ana-
tomical variants of TTS, the most common being apical
(80%), midventricular variant (10-15% of cases) and
inverted or basal variant (5%). CMR will add information
about tissue characterisation. Typically, there will be signs of
acute oedema/inflammation on the STIR images in the
absence of myocardial infarction on LGE.

The pathophysiology of TTS is complex and only partially
understood [3, 4]. Based on animal models and secondary
forms of TTS (phaeochromocytoma, subarachnoid haem-
orrhage), catecholamines appear to play an important role
and frequently, although not always, there is a “sympathetic
storm” following an acute stressor. This may lead to a form
of catecholamine-induced cardiotoxicity. Hypotheses include
stimulus trafficking of the f2-Adrenergic Receptor (f2-AR)
in response to high levels of epinephrine, with a switch to
the cardioprotective, but negatively inotropic G; secondary
messenger pathway. This pathway has cardioinhibitory and
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Fig.5.9 Physiologic stress echocardiography with images at rest (a—d)
and post-exercise (e-h) showing inducible septo-apical and antero-
apical akinesia (red arrows). (a) Apical 4 Chamber (end-diastole). (b)
Apical 4 Chamber (end-systole). (¢) Parasternal long axis (end-systole).

(d) Parasternal short axis at the level of papillary muscles (end-systole).
(e) Stress Apical 4 Chamber (end-diastole). (f) Stress Apical 4 Chamber
(end-systole). (g) Stress Parasternal long axis (end-systole). (h) Stress
Parasternal short axis at the level of papillary muscles (end-systole)
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Fig.5.10 Bull’s eye (a, ¢)
and 3D reconstruction (b, d)
of left ventricular mIBG
scan showing distinct apical
defect (red arrows)

anti-apoptotic properties. Other features include increased
afterload and possible diffuse coronary spasm, which alto-
gether result in ventricular systolic dysfunction. Wall motion
abnormalities are explained by regional differences in the
density of B-adrenoceptors: these are higher in the apex, mak-
ing this region more susceptible to circulating catecholamine
levels; conversely, basal segments have higher rates of sym-
pathetic innervation, leading to increased contractility. These
findings are supported by mIBG scan findings following acute
presentation, which can show reduced sympathetic innerva-
tion in the previously dysfunctional myocardial segments.
Consensus supports the definition of primary and second-
ary TTS [1], depending on whether TTS appears isolated
(usually in the context of an emotional stressor) or triggered
by another serious medical condition (phaeochromocytoma,
thyrotoxicosis, neurosurgical emergencies, sepsis, cancer).

53

b Rest Perfusion (%)

d Rest Perfusion (%)

Difference Perfusion

TTS is not as benign as previously reported. In the acute
phase there are a variety of complications (ventricular
arrhythmias, heart failure or cardiogenic shock) that require
aggressive intervention, with ~50% cases having acute com-
plications, and an inhospital mortality of ~5% across differ-
ent published cohorts. Furthermore, during follow-up,
survival is similar to STEMI and worse than matched popu-
lation, specifically in the secondary TTS, due to additional
comorbidities [5-7].

TTS in cancer patients is becoming increasingly frequent
and warrants specific management [8]. This group of patients
are frequently under increased levels of emotional stress that
predispose to an acute event. The presence of cancer, fre-
quently metastatic, may also be a trigger of secondary TTS
via factors hitherto unknown, but may include paracrine fac-
tors. Furthermore, many cancer treatments may predispose
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to developing TTS including 5-Fluorouracil, Tyrosine kinase
inhibitors, Anthracyclines, HER-2 inhibitors, ablative or sur-
gical procedures [9].

As presented in our first case, these patients are frail and
many times need to discontinue their cardiac medication
(betablockers in this case), which could theoretically be
another potential trigger. In this clinical context, electrolytic
disturbances are not uncommon and may also lead to further
electrical instability. All the above may lead to increased
mortality in this subgroup of patients [6—8], with non-cardiac
causes being the most frequent cause of death. Finally, as
described in case 2, there is a small but growing number of
patients who present with a new cancer diagnosis following
an episode of TTS [7, 8]. This raises the possibility that, for
some patients, TTS may be a form of paraneoplastic syn-
drome, which highlights the importance of long term follow-
up in TTS patients, particularly in those without an
identifiable acute triggering event.

Key Points

e TTS is defined by chest pain in the presence of transient
regional wall motion abnormalities of left, right or
both ventricles, in the absence of matching coronary
disease.

e ECG abnormalities comprise ST-segment elevation or
depression, acute left bundle branch block, T wave inver-
sion and QTc prolongation. The latter is a risk factor for
cardiac arrest and warrants ECG-monitoring in the acute
phase.

* Given the degree of myocardial dysfunction, the troponin
rise is modest, as opposed to a substantial elevation of
natriuretic peptides.

* Based on cardiac imaging, there are mainly three anatom-
ical variants of TTS: apical, midwall variant and inverted
or basal variant.

* CMR will typically show absence of infarction on LGE
but active oedema/inflammation on the STIR images.

e The pathophysiology of TTS is complex and only par-
tially understood. One of the most accepted theories
describes TTS as a form of catecholamine-induced
cardiotoxicity.

e The hypothesis of stimulus trafficking of the 2-AR in
response to high levels of epinephrine would explain
regional wall motion abnormalities.

e TTS is defined as primary (whenever an emotional stress
is identified) or secondary (triggered by another serious
medical condition).

e TTS is not as benign as previously reported: in the acute
phase there are a variety of cardiac complications (ven-
tricular arrhythmias, heart failure or cardiogenic shock)
that lead to an in hospital mortality of ~5% across differ-
ent published cohorts.

e During follow-up, TTS survival is also worse than match-
ing cohorts, mainly in the secondary TTS group.

e Cancer can predispose to TTS through various different
mechanisms.

e TTS may be a paraneoplastic syndrome in patients with
no primary stressor identified, which highlights the
importance of follow-up in these subgroup of patients.
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Mechanism and Prevention
of Cardiomyopathy
Due to Chemotherapy

Rohit Moudgil and Edward T.H. Yeh

Abstract

The emergence of new oncological therapies has seen a great success in attenuating cancer
and its metastases. However, the undesirable side-effect of cardiotoxicity has prevented
utilization of anticancer therapies to its full potential. This chapter will elucidate some of
the mechanisms behind the chemotherapy induced cardiomyopathy and will highlight the
potential preventative and therapeutic measures to curb the cardiotoxic effect of anticancer
agents. The aim of this chapter is to arm our clinicians with necessary knowledge and guid-
ance as to how to treat chemotherapy related cardiomyopathy in our oncological patients.

Keywords

Chemotherapy ¢ Cardiomyopathy

Introduction

The first “consensus” clinical description of cardiomyopathy
was formulated by the cardiac review and evaluation com-
mittee supervising trastuzumab clinical trials, which defined
drug-associated cardiotoxicity as one or more of the follow-
ing: (1) cardiomyopathy characterized by a decrease in left
ventricular ejection fraction (LVEF) due to regional or global
wall motion abnormalities; (2) symptoms associated with
congestive heart failure (CHF); (3) signs associated with
CHEF, such as S3 gallop, tachycardia, or both; (4) decline in
initial LVEF of at least 5% to less than 55% with signs and
symptoms of heart failure or asymptomatic decrease in
LVEF of at least 10% to less than 55% [1]. This description
has a limited scope as it does not encompass all the cardio-
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toxic effects secondary to chemotherapy (which was the
original intention), albeit it does serves well as a definition
for cardiomyopathy.

Chemotherapy-related cardiomyopathy has tradi-
tionally has been divided into two subtypes (Table 6.1).
Anthracyclines belongs to chemotherapy-related cardiac
dysfunction type I, characterized by irreversible, dose-
dependent myocardial injury [2]. In contrast, type II che-
motherapy-related cardiac dysfunction has been primarily
seen with targeted therapies such as those directed against
the human epidermal growth factor receptor-2 (HER?2),
e.g. trastuzumab [3]. Unlike type I cardiac dysfunction,
the concept for type II involves cardiac dysfunction that
shows no dose-dependent response, results in no ultra-
structural changes and poses a favorable prognosis owing
to its reversibility. However, the classification lacks well
defined scientific data and is misguided as anthracyclines
can lead to reversible effects and in rare instances the
trastusumab related cardiomyopathy is also irreversible.
Anthracycline administration can result in acute morbid-
ity occurs during or shortly after the drug infusion and
includes arrhythmias (supraventricular tachycardia, ven-
tricular ectopy) accompanied, in some patients, by heart
failure and pericarditis-myocarditis syndrome [4, 5]. The
subacute cardiac toxicity occurs within few weeks, clini-
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Table 6.1 Chemotherapy-induced cardiac dysfunction

Characteristic of
the agents

Doxorubicin

Trastuzumab

Clinical course,
response to
cancer related
cardiac
dysfunction
(CRCD) therapy

May stabilize, but
underlying damage
appears to be permanent
and irreversible;
recurrence in months or
years may be related to
sequential cardiac stress

High likelihood of
recovery (to or near
baseline cardiac
status) in 2—4
months (reversible)

Dose effects

Cumulative, dose related

Not dose related

Mechanism Topoisomerase I Beta | Blocked ErbB2
signaling
Ultrastructure Vacuoles; myofibrillar No apparent ultra
disarray and dropout; structural
necrosis (changes abnormalities
resolve over time)
Noninvasive Decreased ejection Decreased ejection

cardiac testing fraction by ultrasound fraction by
or nuclear ultrasound or nuclear
determination: global determination:
decrease in wall motion | global decrease in

wall motion

Effect of High probability of Increasing evidence

rechallenge recurrent dysfunction for the relative safety
that is progressive, may | of rechallenge;
result in intractable additional data
heart failure and death needed

Effect of late High likelihood of Low likelihood of

sequential stress

sequential stress related
cardiac dysfunction

sequential stress-
related cardiac
dysfunction

Modified from Ewer MS, Lippman SM. Type II chemotherapy-related
cardiac dysfunction: time to recognize a new entity. J Clin Oncol.

2005;23:2900-2902

1st

-

Dec 2003

8th Mar 2004

LVEF=65%

Fig.6.1 A 19-yead-old gentleman with osteosarcoma of the L5 and S1
vertebrae. He underwent surgery and chemotherapy, with a total cumu-
lative dose of Adriamycin of 540 mg/m? completed in Dec 2003. He
was admitted with symptoms and signs of cardiac dysfunction and an
echocardiogram in Jan 04, showed an LV ejection fraction of 20%, with
a thrombus in his left ventricle. He was started on low molecular hepa-
rin for the thrombus and ACE-I, beta-blockers and spironolactone for

LVEF= <20%

cally resembles myocarditis with edema and thickening of
the left ventricular walls, and is associated with diastolic
dysfunction and increased mortality [6]. In contrast to the
late anthracycline mediated cardiotoxicity, improvement
in left ventricular function has been noted to occur in
these subacute patients [4, 7, 8].

Figure 6.1 Illustrates the case of improvement in LVEF in
a patient with cardiomyopathy, secondary to adriamycin
based chemotherapy. The case presented is of a 19-year-old
gentleman with osteosarcoma of the L5 and S1 vertebrae for
which he underwent surgery and anthracycline based chemo-
therapy, with a total cumulative dose of Adriamycin of
540 mg/m?, completed in Dec 2003. Soon afterwards, he was
admitted with symptoms and signs of cardiac dysfunction
and an echocardiogram in Jan 04, showed an LVEF of 20%,
with a thrombus in his left ventricle. He was started on low
molecular heparin for the thrombus and ACE-I, beta-blockers
and spironolactone for his cardiomyopathy. Over the next
few months, his LV function recovered and remained normal
on subsequent follow ups (last follow up at our institution
was in March 2007), as he continued to take his cardiac
medications

Alternatively trastuzumab, can also show irreversible car-
diac dysfunction, although the incidence is very low [9].
Recent PHARE trials showed that their seems to be a time
dependent increase in cardiotoxicity among patients treated
with trastuzumab and a small portion of patients among the
treated cohort had irreversible cardiac dysfunction at the end
of 2 year [9]. Therefore, it is time to revisit the classification

28t Dec 2005

B 0
LVEF=60%

his cardiomyopathy. Over the next few month his LV function recov-
ered and remained normal on subsequent follow ups (last follow up at
our institution was in March 2007), as he continued to take his cardiac
medications. The chest X ray done when the LVEF was 20% shows
cardiomegaly, with normal heart size prior to chemotherapy and subse-
quently on normalization of LVEF. (Image courtesy of Dr. S.W. Yusuf)
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as recent studies have created a grey area in this dichotomous
subtype.

Case Presentation #1

A 47 year old female was diagnosed with intra-ductal carci-
noma of the breast. As a part of therapeutic regimen she
underwent neo-adjuvant chemotherapy with doxorubicin
(300 mg/m?). An baseline echocardiogram was done which
showed an LVEF of 63%. Subsequently, she received the
chemotherapy and 6 months later, as part of cardiac surveil-
lance, she underwent an echocardiogram which showed an
LVEF of 53%. Therefore, the question arises as to what is/
are the molecular mechanism(s) underlying this objective
deterioration and what therapeutic strategies can be used, if
any, in this asymptomatic patient.

Anthracyclines
Clinical Perspective

In a retrospective analysis of over 4000 patients treated
with doxorubicin (DOX), von Hoff and colleagues [10]
found that 2.2% of the patients developed clinical signs and
symptoms of CHF. Since the study identified CHF based on
clinical assessment, incorporation of subclinical left ven-
tricular dysfunction would result in higher incidence of the
cardiovascular disease in DOX treated patients; as acknowl-

edged by the authors themselves [10]. This study went on
to conclude that the prevalence of heart failure markedly
increased with a cumulative dose of 550 mg/m?* of DOX
[10], which is now recognized as one of the greatest deter-
minants in the development of anthracycline mediated
heart failure [11].

Subsequently, the cardiotoxicity in DOX treated
patients was prospectively assessed in three clinical trials
(two in breast and one in non-small cell lung cancer) con-
ducted between 1988 and 1992. The cumulative findings
highlighted that it seemed to have dose-dependent damage
(CHF was 5% at a cumulative dose of 400 mg/m?, 16% at a
dose of 500 mg/m? and 26% at a dose of 550 mg/m?) [11].
This was also true in pediatric population who had a life-
time increased risk of cardiac dysfunction with increased
anthracycline dose (Fig. 6.2). Histo-pathologically,
changes can be seen in endomyocardial biopsy specimens
from patients who have received as little as 240 mg/m?
of DOX [12]. Moreover, subclinical events occurred in
about 30% of the patients, even at doses of 180-240 mg/
m? [13], although they were observed 13 years after the
treatment was received. Even doses as low as 100 mg/m?
have been associated with reduced cardiac function [12,
14]. These findings suggest that there is no safe dose of
anthracyclines. Conversely, early studies suggested that
some patients had no significant cardiac complications
despite achievement of the doses as high as 1000 mg/m?
[10]. Therefore, individual susceptibility to cardiomyopa-
thy may vary. However, the current consensus is that DOX
causes cardiomyopathy.
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Pathophysiological Mechanisms

Anthracycline mediated cardiomyopathy has been studied
extensively. Among the pathways implicated in anthracycline
mediated toxicity involves production of reactive oxygen spe-
cies, formation of iron complexes resulting in intracellular
damage. However, new evidence highlights the role of topoi-
somerase II beta (Top II B) as a direct target of DOX that
provides a unifying mechanism encompassing most of the
implicated pathways in DOX mediated cardiomyopathy.

It has been well-studied that one of the mechanisms of
DOX induced tumor-cytotoxic effect is mediated by topoi-
somerase II alpha inhibition [15]. However, the heart only
expresses Top II B. Recent research looking at the effects
of DOX in Top II B has identified that by virtue of forming
a ternary complex (DNA/DOX/Top II B) double stranded
breaks were generated, reactive oxygen species and mito-
chondrial damage ensued, thus disrupting myofibrillar appa-
ratus culminating into cardiac dysfunction. The end result
was an increase in end systolic and end-diastolic volumes
with decrease in ejection fraction [16] (Fig. 6.3). Other
studies also identified the activation of the p53 pathway to
DNA-damage and the consequent apoptosis and mitochon-
drial dysfunction in cultured cardiomyocytes treated with
DOX [17, 18].

The corroborating evidence of Top II B mechanism is
provided by the use of dexrazoxane (DEX). In vivo, DEX
has shown significant cardio-protection against DOX in
various preclinical models such as mouse, rat, hamster,
rabbit, and dog [19-22]. In addition, the cardioprotective
effects were evident in both acute and chronic models of
DOX-induced cardiomyopathy [23, 24]. These findings
were extended to human subjects in various clinical tri-
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Fig. 6.3 Schematic representation of DOX/DNA/Top II Beta ternary
Complex. Activation of the ternary complex results in upregulation of
apoptotic signaling pathway. Furthermore, there is a downregulation of
mitochondrial function. Both pathways culminates into decreased over-
all cardiac function resulting in congestive heart failure

als also [21, 25-28]. It appears that DEX can block ATP
hydrolysis and inhibit the reopening of the ATPase domain,
thereby trapping the topoisomerase complex on DNA and
blocking enzyme turnover [29]which may be its predomi-
nant mechanism. Therefore, DEX inhibits DOX’s activity
on TOP II B catalytic site, thereby providing cardio-pro-
tection. In essence, DOX/DNA/Top II B ternary complex
may be the prime mediator of anthracycline mediated
cardiomyopathy.

Current Therapies to Prevent Anthracycline
Mediated Cardiomyopathies

Primary Prevention

Continuous Infusion

Replacing bolus administration with slow infusions does not
significantly affect anthracycline area under the curve (AUC)
but diminishes anthracycline Cmax and anthracycline accu-
mulation in the heart [30]. A Cochrane review [31] identified
seven randomized clinical trials (RCTs) and showed a sig-
nificantly lower rate of clinical heart failure with an infusion
duration of 6 h or longer as compared to a shorter infusion
duration (relative risk (RR) = 0.27; 95% confidence interval
(CD) 0.09 to 0.81; 5 studies; 557 patients). As far as the peak
dose is concerned, neither less than 60 mg/m> DOX versus
60 mg/m? or more (two RCTs), liposomal DOX at 25 mg/m?
versus 50 mg/m? (one RCT), and epirubicin peak dose of
83 mg/m? versus 110 mg/m? (one RCT) showed promise for
a lower incidence of clinical HF [31]. Thus, increased dura-
tion of anthracycline infusion to 6 h or longer reduce the risk
of clinical heart failure and subclinical cardiac damage to
some extent [71]. However, the review was only performed
in adult population inflicted with solid tumors.

In pediatric populations, the results of infusion of anthra-
cycline have been disappointing. A randomized trial in chil-
dren with high-risk ALL found that continuous infusion
offered no additional cardiac protection over bolus adminis-
tration in a median follow-up of 8 years post-diagnosis [32].
A follow-up at 10 years also revealed no incremental thera-
peutic efficacy for infusion [32]. This is further supported by
other studies, which also looked at cardiovascular outcomes
in patients 5-7 years after treatment [33, 34]. However,
despite a lack of evidence for cardioprotection, anthracycline
administration by continuous infusion is still incorporated
into pediatric treatment protocols for cardioprotection [32].

PEGylated Liposomal DOX

PEGylated liposomal DOX comprises an aqueous core of
DOX hydrochloride encapsulated in liposomes with a protec-
tive hydrophilic outer coating of surface-bound methoxypoly-
ethylene glycol [35, 36]. Delivery of DOX in a PEGylated
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liposomal form decreases the circulating concentrations of free
DOX and result in selective uptake of the agent in tumor cells.
In three randomized [37-39], open-label, multi-center tri-
als, monotherapy conducted with PEGylated liposomal DOX
showed that it is as effective as DOX or capecitabine in the
first-line treatment of metastatic breast cancer, and as effec-
tive as vinorelbine or combination mitomycin plus vinblas-
tine in taxane-refractory metastatic breast cancer.
PEGylated liposomal DOX exhibited a favorable cardiac
safety profile compared with conventional DOX and other
available chemotherapy agents. The most common treatment-
related adverse events included myelosuppression, palmar-
plantar erythrodysesthesia and stomatitis, although these are
manageable with appropriate supportive measures [40].
Thus, PEGylated liposomal DOX is a useful option in the
treatment of various malignancies, including metastatic
breast cancer, ovarian cancer, multiple myeloma and AIDS-
related Kaposi’s sarcoma [41]. However, the cost associated
with administering the drug has prevented its widespread
adoption as a conventional anthracycline therapy [42].

Dexrazoxane

DEX (ICRF-187, ADR-529) and the corresponding racemic
mixture—razoxane (ICRF-159, ADR-159)—belong to the
bisdioxopiperazine agents originally developed by Creighton
et al. [43], as a potential anticancer agent. While it was being
developed as anti-cancer agent, using H9¢2 myoblasts and
fibroblasts from TOP II B knockout mice, Lyu et al. [44]
have suggested that the parent compound DEX may be
protective through inhibition of anthracycline-induced and
TOP II B-mediated DNA damage, thus opening a window
of DEX as a protective agent for anthracycline induced
cardio-toxicity.

More evidence of support emerged when DEX was shown
to be cardioprotective in DOX treated populations. The
salient effects of DEX against anthracycline-induced cardio-
toxicity have been unanimously demonstrated in numerous
clinical trials and in both adults and children [27, 28, 45-50].
Importantly, significant cardioprotection has been achieved
in various chemotherapy regimens, using different DEX-to-
anthracycline ratios and different subtypes of anthracycline
in clinical use. Cardioprotective potential of DEX has been
evaluated by clinical examination (incidence of cardiac
events and symptoms of CHF), using cardiac function exam-
inations (echocardiography or radionuclide ventriculogra-
phy), by analysis of biochemical markers (e.g., plasma
concentrations of cardiac troponins) and/or endomyocardial
biopsy [27, 28, 45, 46, 48, 50]. Today, DEX had passed all
the stages of preclinical and clinical research and has been
finally approved in Europe and the United States for cardio-
protection in patients treated with anthracyclines (Cardioxane
and Zinecard) with several generic preparations recently
available (Procard and Cardynax). More recently, DEX has

been also approved for treatment of accidental extravasation
of anthracyclines (Savene). Thus, DEX role as protective
agent against anthracycline induced cardio-toxicity has been
firmly established.

Significant, although not well evidenced, suspicion on
potential interference of DEX with anticancer effects of
anthracycline has arisen from one of the phase III trials [28].
In this trial (n = 293), a significant difference in objective
response has been reported (47% vs. 61%, respectively,
p = 0.019). While high response in the placebo group was
quite unusual, no other endpoints (including survival or time
to progression) were affected in either of these studies, DEX
nevertheless became scrutinized for potential negative effects
on tumor response [28, 49]. Careful meta-analyses of all
available randomized clinical trial data have, however, found
no evidence for this hypothesis [47, 51]. Still, the American
Society of Clinical Oncology, Chemotherapy and
Radiotherapy Expert Panel remain cautious and recommend
using DEX only in very limited conditions (e.g., patients
who have received more than 300 mg/m? for metastatic
breast cancer and who may benefit from continued DOX
treatment) [52]. The time has come to revisit this cautionary
note.

Secondary Prevention

Beta-Blocker
Beta Blockers have been at the cornerstone of treating vari-
ous cardiovascular disease. Initial investigations, with small
sample size demonstrated the beneficial effects of beta-
blockers for anthracycline cardiotoxicity [53-55]. In a small,
randomized placebo-controlled study, patients treated with
carvedilol at anthracycline initiation had preserved systolic
and diastolic function at 6 months [53]. Recent data from the
OVERCOME (preventiOn of left Ventricular dysfunction
with Enalapril and caRvediolol in patients submitted to
intensive ChemOtherapy for the treatment of Malignant
hEmopathies) trial have also shown that beta-blocker ther-
apy, in combination with angiotensin converting enzyme
(ACE) inhibitor therapy, may be beneficial in preventing
anthracycline-induced cardiotoxicity, with treated patients
demonstrating less significant changes in LVEF and a lower
incidence of death or HF compared with placebo [56].
Table 6.2 provides a summary of some of the clinical trials.
PRADA (PRevention of cArdiac Dysfunction dur-
ing Adjuvant breast cancer therapy) trial was designed as
largest clinical trial to look at the chemotherapy mediated
cardio-toxicity. It was a randomized, placebo-controlled,
2 x 2 factorial, double-blind trial to assess whether left ven-
tricular dysfunction and/or injury is preventable, completely
or partly, by the concomitant administration of the angio-
tensin receptor blocker (ARB), candesartan, and the beta



60

R. Moudgil and ET.H. Yeh

Table 6.2 Cardio-protective therapies in chemotherapy mediated cardiac dysfunction

Therapies and

Total number

authors Population and treatment | of patients Therapy Duration of follow-up Findings
Beta-blockers
Kalay et al. [53] Anthracylines in breast, |50 Carvedilol 6 months Preserved ejection
lymphoma etc. 12.5 mg once fraction in carvedilol
daily vs. placebo 68.9 vs. 52.3 (P < 0.001)
Seicean et al. [54] Anthracycline and 318 Continuous BB 3.2 years Lower incidence of new
Trastuzumab (n = 106) vs. not onset heart failure (HF).
on continuous BB HF events 5 vs. 27
(n=212) (P =0.008) in
continuous BB vs. no
BB group
Kaya et al. [55] Breast cancer and 45 Nebivolol 5 mg Echocardiogram and NT Preservation of LVEF,

planned chemotherapy

daily vs. placebo

pro-BNP at baseline and 6
months of chemo

end-systolic and
end-diastolic volume in
nebivolol (P =0.01)
Reduced NT BNP in
treatment group

Angiotensin convertin

g enzyme inhibitor/angiotensin receptor antagonist

Cardinale et al. [59] | High dose chemo for 114 Enalapril 20 mg 1 month after last Absolute decrease in
AML, relapsed, or daily vs. none high-dose chemo, LVEF > 10% to decline
refractory Hodgkins continued 1 year below normal value
lymphoma, Ewing’s (LVEE, 50%) (43% vs.
sarcoma 0%) (P < 0.001)

Cadeddu et al. [65] | Epirubicin in solid 49 Telmisartan 40 mg | Echo, TD, strain/strain rate | Impairment in strain rate
tumors daily vs. placebo (SR) and plasma levels of | peak epi dose of

inflammatory and 200 mg/m? (no
oxidative stress markers at | significant difference
baseline and at 7 days after | between groups) but at
every new epirubicin 300 and 400 mg/m* SR
normalized only in
telmisartan group
(P <0.001) Significant
increase in ROS and
interleukin-6 in placebo

Nakamae et al. [66] | CHOP in Non- 40 Valsartan 80 mg Neurohormonal, echo, and | Valsartan significantly
Hodgkin’s lymphoma daily vs. none ECG Parameters measured | prevented increases in

before, days 3, 5, 7 and LVEDd, QTc dispersion

after initiation of CHOP 7 | and BNP elevation

days (P < 0.05) with no
significant change in BP
or HR

Spironolactone

Akpek et al. [68] Anthracycline for breast | 83 25 mg/day vs. LVEF, CKMB, troponin, LVEEF decrease from

cancer

placebo

oxidative stress index and
diastolic parameters

67.0+6.1t065.7+7.4
(P =0.094) in the
spironolactone group,
and from 67.7 £ 6.3 to
53.6 £ 6.8 in the control
group (P < 0.001) The
diastolic functional
grade was protected in
treatment group

(P <0.001). CKMB,
troponins and oxidative
stress index was lower
in treatment group
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blocker, metoprolol, during postoperative chemotherapy and
radiotherapy [57]. The important finding in PRADA was
that unlike the angiotensin receptor blocker candesartan,
metoprolol, a beta blocker, didn’t prevent the early drop in
LVEF commonly seen in breast cancer patients treated with
anthracyclines and trastuzumab, even though both classes
of heart medications are at the hub of treating ischemic and
hypertensive cardiomyopathy [58]. These findings may be
due to some of the study limitations. Foremost concern was
the small number of participants in the study, even though
it is the largest clinical trial in chemotherapy mediated car-
diotoxicity. Another limitation is that this was an extremely
low-cardiovascular-risk patient cohort: the baseline preva-
lence of diabetes was less than 4% per group, and fewer than
7% of patients had hypertension. Therefore, the incidence
of moderate and severe heart failure was extremely low and
thereby hard to extrapolate to our symptomatic population.
Furthermore, the incidence of cardiomyopathy following
breast cancer therapy is known to increase over time, the
short duration of follow-up in the study was also concerning
from beta-blocker perspective.

Angiotensin Converting Enzyme Inhibitors (ACEI)
and Angiotensin 2 Receptor Blockers (ARB)
Role of enalapril was studied in 114 patients with a baseline
normal LVEF but an elevated troponin I level within 72 h after
high-dose anthracycline administration. These patients were
then randomized to enalapril or placebo after completion of
chemotherapy and followed for 12 months [59]. Roughly,
half of the control cohort (43%) and none of the ACE inhibi-
tor—treated patients met the primary end point (decrease in
LVEEF of >10%). Additionally, there were 30 cardiac events
in the control patients and only 1 cardiac event in ACE inhib-
itor—treated patients [59]. Thus, early administration of enal-
april proved to be cardio-protective [59]. A prospective study
examined the effects of angiotensin-converting enzyme
(ACE) inhibitors in breast cancer patients treated with epi-
rubicin. Patients receiving ACE inhibitors had an increase
in their LVEF, suggesting that ACE inhibitors should be part
of the treatment of LV dysfunction in cancer patients [60].
These studies were at the footsteps of OVERCOME trial
which showed beneficial effects with ACEI [56].
Conversely, in younger population, a trial in 18
doxorubicin-treated long-term childhood cancer survivors
reported improved LV function with enalapril treatment, but
this improvement was lost 10 years after treatment, suggesting
that the effects of ACE inhibitors are transient [61]. In 2004,
Silber et al. [62] reported the results of a randomized, double-
blind, controlled clinical trial comparing enalapril to placebo
in 135 long-term survivors of pediatric cancer who had at least
1 cardiac abnormality identified at any time after anthracy-
cline exposure. There was no difference in the rate of change
in maximal cardiac index per year between enalapril and pla-
cebo groups (0.30 L/min/m? vs. 0.18 L/min/m?; P = 0.55).

One possible explanation is that ACE inhibitors do not
provide long-term protection in children because of the
restrictive nature of anthracycline-induced cardiomyopathy
[63]. In addition to the lack of evidence of a long-term ben-
efit in children compliance may be an issue with this cohort.
In pediatric cancer population who are undergoing chemo-
therapy, adverse effects of ACE-inhibitor therapy are well
known, including hypotension, dizziness, fatigue, and
chronic neurohormonal suppression [64]. This may lead to
compliance issues. Thus, ACEI’s effects may limited in pedi-
atric cancer population over the long-term.

ARBs have also been studied as cardioprotective agents
in patients receiving anthracycline therapy [65]. Valsartan
was found to have a protective effect against acute cardiotox-
icity in a small study of patients who received doxorubicin
for Hodgkin’s lymphoma [66]. In a randomized control trial,
patients who received telmisartan with epirubicin also
showed preserved systolic function by LVEF and strain rate
[67]. Overall, ARB seems to have the same efficacy of
cardio-protection as the ACEI.

Spironolactone

While the studies in beta-blocker and ACEI are limited, role
of spironolactone was identified in one study. Eighty-three
female patients who were diagnosed with breast cancer were
randomized into spironolactone and control groups [68]. A
dose of 25 mg/day spironolactone was administered to the
patients in the spironolactone group. There were 43 patients
(mean age 50 + 11 years) in the spironolactone group and 40
patients (mean age 51 + 10 years) in the control group. LVEF
decreased from 67.0 + 6.1 to 65.7 £ 7.4 (P = 0.094) in the
spironolactone group, and from 67.7 = 6.3 to 53.6 + 6.8 in
the control group (P < 0.001) [68]. When the general linear
model was applied, the interaction of LVEF decrease between
groups was significantly lower in the spironolactone group
than in the control group (P <0.001) [68]. The diastolic func-
tional grade of subjects in the spironolactone group was pro-
tected (P = 0.096), whereas it deteriorated in the control
group (P <0.001) [68]. Thus, the study showed that spirono-
lactone may have a role to play in cardioprotection against
chemotherapy mediated cardio-toxicity. Future clinical trial
NCTO01708798 is being conducted where the potential abil-
ity of the aldosterone antagonist, eplerenone, to prevent
doxorubicin-induced cardiotoxicity, will be explored in a
randomized controlled trial in the breast cancer patients.

Statins

Clinical data regarding statin therapy for anthracycline-
induced cardiotoxicity in humans is sparse. In a retrospective
observational study of 201 breast cancer patients treated with
anthracyclines, concomitant statin use for other indications in
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64 patients was associated with a reduced risk of HF hospital-
ization compared with propensity-matched controls (hazard
ratio 0.3, 95% CI 0.1-0.9, P < 0.03) [69]. In a small trial, 40
patients receiving anthracycline containing chemotherapy
regimens were randomized to receive atorvastatin or no inter-
vention. The control group showed statistically significant
worsening of LVEF and change in LV dimensions as com-
pared with the atorvastatin group. The incidence of LVEF of
less than 50% was lower (although not statistically significant)
in patients on atorvastatin as compared with those in the con-
trol group (5 versus 25%, P < 0.18) [70]. A summary of car-
dio-protective therapy in provided in Table 6.2.

Despite a wide array of heart failure medication at hand,
prompt administration is at the cornerstone of curbing anthracy-
cline mediated cardiomyopathy. In a study comprising of 201
patients with a left ventricular ejection fraction (LVEF) <45%
due to anthracycline mediated cardiomyopathy Beta blocker

(carvediolol) and ACEI (enalapril) was administered when
decrease in LVEF was noted. LVEF was measured at enroll-
ment, every month for the first 3 months, every 3 months during
the first 2 following years, and every 6 months afterward (mean
follow-up 36 + 27 months). Patients were considered respond-
ers, partial responders, or non-responders according to com-
plete, partial, or no recovery in LVEEF, respectively. The study
showed roughly half of the patient population responded to
therapy (Fig. 6.4). In this study, responders showed a lower rate
of cumulative cardiac events than partial and non-responders
(5%, 31% and 29% respectively; p< 0.001) [71]. Additionally,
the proportion of non-responder increased with time duration
between the anthracycline administration and implementation
of heart failure medications [71] (Fig. 6.5). Therefore, prompt
diagnosis and immediate therapeutic intervention should be at
the hub of the cardiac clinical care provided to the oncological
patients (Fig. 6.5) [71].
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Fig.6.6 Hassan, S. and Banchs, J. Monitoring Cardiotoxicity with Left
Ventricular Ejection Fraction. MD Anderson Practices in Onco-
Cardiology 2015

Revisiting the Case #1

A 47 year old female who was treated with doxorubicin for
intra-ductal carcinoma of the breast had an asymptomatic
decrease in her ejection fraction from 63 to 53%. In clinical
practice we would hold anthracycline temporarily (after dis-
cussion with the oncologist) and initiate beta-blockers and
ACEI with continuation of chemotherapy and close echocar-
diographic monitoring. Ideally, re-initiation of chemother-
apy should be with slow continuous infusion over 6 h as it
has been shown to be cardioprotective. A succinct experi-
ence based clinical practice has been outlined in our institu-
tional booklet, M.D. Anderson Practices in Onco-Cardiology
which is available online for free download (Fig. 6.6) [72].

Case Presentation #2

Fifty-two year old female with breast cancer was found to
have Her 2 positive lymph nodes as she underwent mastec-
tomy and lymph node biopsy. The pre-chemotherapeutic
echocardiogram showed ejection of 57%. At 6-month follow-
up she reported fatigue after using traztuzumab and echocar-

diogram showed ejection fraction of 47% by Simpson’s
method. Therefore, question remains as to what is the molec-
ular mechanism in precipitating type II cardiomyopathy and
what are the therapeutic strategies one can employ to curb the
ejection fraction decrease. Most importantly, can we re-intro-
duce traztuzumab to complete the course of chemotherapy
despite this decrease in ejection fraction?

HER-2/ERB-2 Targeted Therapies
Clinical Perspective

Trastuzumab is a monoclonal antibody against the human
epidermal growth factor receptor tyrosine kinase (HER2-
ErbB2), which is a member of a cell-receptor family that
regulates cell growth and intracellular repair [73].
Overexpression of human epidermal growth factor receptor-
2 (HER2) receptor occurs in approximately 25% of breast
cancers and confers increased proliferative and metastatic
potential. Trastuzumab has been used in human epidermal
growth factor receptor-2 positive (HER2+ve) breast cancers
with significant reductions in recurrence rates and overall
mortality. In agreement, a pivotal study in the metastatic set-
ting demonstrated a 33% reduction in mortality at 1 year and
an increase in median survival by 5 months [74].

The cardiac side effect of trastuzumab was first noticed fol-
lowing the trials leading to its approval by the Food and Drug
Administration in 1998 [1]. In these trials, trastuzumab was
administered on top of the standard therapy, which consisted of
either paclitaxel or doxorubicin and cyclophosphamide. Post-
hoc analyses revealed an incidence of “‘cardiotoxicity” of up
to 11% in patients receiving trastuzumab on top of paclitaxel
compared with only 1-4% in those who received paclitaxel
alone [74]. There was an even greater incidence of cardiotoxic-
ity in patients receiving the combination of trastuzumab and
anthracyclines. Anthracyclines, such as doxorubicin [75], are
themselves cardiotoxic, but addition of trastuzumab leads to a
synergistic increased in incidence of cardiac symptoms from
13% (with doxorubicin alone) to 27% (when combined with
trastuzumab). Moreover, severe chronic heart failure (New
York Heart Association class III and IV) occurred in 16% of
patients treated with this combination [1]. Subsequently, several
large clinical trials confirmed the importance of trastuzumab
in increasing disease-free survival from cancer, but also estab-
lished trastuzumab’s association with heart failure [76, 77]. The
incidence of cardiomyopathy dropped to 13% when anthracy-
clines were not administered concurrently with trastuzumab;
although these patients were previously treated with anthracy-
cline. In the adjuvant trials, 1.7-4.1% of trastuzumab-treated
patients developed CHF [76, 77] when anthracycline was not
part of the therapeutic regimen. Thus, trastuzumab came with a
black box warning of possibly inducing cardiomyopathy.
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Trastuzumab-related cardiac damage includes various
degrees of LV systolic dysfunction, occasionally leading to
CHF. ECG changes are not seen [78]. Symptoms are usually
mild or moderate and improve following medical manage-
ment and termination of drug administration [79, 80]. The
improvement is usually seen in about 6 weeks after trastu-
zumab withdrawal and can be earlier [81]. After symptom-
atic improvement, the re-institution of trastuzumab treatment
is usually possible [79-81]. The reversibility of trastuzumab-
induced cardiac toxicity may be explained by the fact that
this compound does not cause cell death but only temporary
dysfunction by inducing changes in the structure of contrac-
tile proteins [82]. In further agreement, the risk of cardiotox-
icity is confined to the time of administration, as illustrated
in randomized controlled trials. These are the characteristics
of type II chemotherapy-related cardiac damage [3].

Pathophysiological Mechanisms

Early studies indicated that the murine Erb-B2 Receptor
Tyrosine Kinase 2 (ERBB2), and its activating ligand, neu-
regulin-1 (Nrgl), play an integral role in the cardiac develop-
ment. ErbB2 activation activates the ERK and PI3K/Akt
pathways promoting cardiomyocyte survival [83]. Expression
of the anti-apoptotic protein Bcl-XL in the hearts of mice
with cardio-specific ERBB2 deletion partially prevented the
heart chamber dilation and the impaired contractility seen in
the adulthood and suggests that ERBB2 signaling is impor-
tant for normal cardiomyocyte function per se [84].

Trastuzumab is a humanized monoclonal antibody to sub-
domain I'V of ErbB2 [85]. This leads to disruption of ErbB2-
ErbB3 complexes which are preferentially formed when
ErbB2 is overexpressed in the absence of ligand-binding to
ErbB3 [85]. The exact mechanisms of this disruption are still
unclear. Disruption of these complexes inhibits PI3K signal-
ing and Akt activation and explains the antiproliferative
effects of trastuzumab in ErbB2-amplified tumor cells.
Hence, trastuzumab inhibits only ligand-independent signal-
ing [86]. On the other hand, pertuzumab is a humanized
monoclonal antibody to subdomain II, the dimerization arm
of ErbB2 [87]. Pertuzumab leads to inhibition of ligand-
induced ErbB2 signaling, not of ligand-independent ErbB2
signaling, thus inhibiting the signal transduction mechanism
only in the presence of a ligand [86]. Alternatively, lapatinib
is a small molecule tyrosine kinase inhibitor of ErbB1 and
ErbB2 [88]. Lapatinib blocks tyrosine kinase activity, inde-
pendently of whether this activity has been triggered by a
ligand or not, thus inhibiting both ligand-dependent and
independent mechanism [86, 89, 90]. With this assertion
then lapatinib should cause a similar, if not more, incidence
of cardiomyopathy which is not the case clinically. Thus,
precise mechanisms is not clearly delineated yet.

Current Therapies to Prevent Trastuzumab
Mediated Cardiomyopathy

In a Cardiac Review and Evaluation Committee (CREC)
analysis of 82 women with trastuzumab induced cardiomy-
opathy [3], Seventy-nine percent responded to conventional
therapy including ACEIs, diuretics, cardiac glycosides and
other inotropic agents. There was a significant difference in
the recovery potential between patients with and without
additional anthracycline therapy and those with and without
cardiac troponin elevation, which was noted at baseline or
with the first two cycles of trastuzumab, suggestive of an
interactive phenomenon as further outlined below [3, 91]
Withdrawal of trastuzumab resulted in complete recovery in
ejection fraction in 84% of the patients within a mean time of
1.5 months [3]. Over 75% of patients in this cohort were re-
introduced to trastuzumab and 88% of these showed no fur-
ther change in cardiac parameters [3].

In 2009, the United Kingdom National Cancer Research
Institute released recommendations for management of car-
diac health in trastuzumab-treated patients with breast can-
cer. The readers are referred to this clinical resource for an
effective management of trastuzumab-induced cardiomyop-
athy [92]. Furthermore, MD Anderson Practices in Onco-
Cardiology also outlines how to treat heart failure in the
context of chemotherapeutic agents and how to proceed with
various treatments [72]. Readers are encouraged to use this
free source of information for their clinical practice.

Preventative Strategies

Cardiovascular co-morbidities confers adverse outcomes in
patients who are subjected to cardio-toxic chemotherapies.
The disease and treatment burden has been shown to contrib-
ute to both weight gain [93] and decrease in physical activity
[94, 95] thus potentially raising cardiovascular disease risk. In
5721 asymptomatic women who underwent baseline evalua-
tion in the St. James Women Take Heart Project, exercise toler-
ance measured by metabolic equivalents on treadmill testing
predicted a 17% increase in Framingham Risk Score-adjusted
mortality with each unit decline in MET level [96]. This can be
attenuated by exercise training in women as it improves cardio-
vascular function, especially in breast cancer patients [97, 98].
Furthermore, a Cochrane review in 2012 showed benefit of a
regular exercise program on quality of life in cancer patients
[99]. Taken together, these reports underscore the importance
of cardiovascular fitness. Therefore, prevention and treatment
should be centered-around these adverse risk factors.

It is recommended that all patients should have a baseline
screening transthoracic echocardiography done prior to ini-
tiation of chemotherapy with agents known to cause cancer
therapeutics-related cardiac dysfunction (CRTCD) (grade
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IA from European Society for Medical Oncology (ESMO)
guidelines) [100]. This recommendation identifies patients
with pre-existing compromised cardiac function so that their
treatment regimen may be modified. Other methodologies
such as biomarkers and risk prediction models can be used
to risk stratify the patients. However, use of biomarkers and
risk prediction model has not been integrated in the standard
of practice. ESMO guidelines recommend assessment of
cardiac function at baseline and at 3, 6, and 9 months dur-
ing treatment as well as at 12 and 18 months after initiation
of treatment (grade IA) [100]. Thereafter, recommended
monitoring with TTE is annual or biannual depending on
the clinical indication [100]. A TTE should include assess-
ment of LVEF, wall motion, diastolic dysfunction, and strain.
American Society of Echocardiography (ASE) and European
Association of Echocardiography (EAE) both recommend
calculating LVEF using the modified biplane Simpson’s tech-
nique in combination with the wall motion score index [1,

Table 6.3 Guideline recommendations for detecting cardiac dysfunction

101, 102]. While these recommendations are largely based on
studies stemming from anthracycline treatments, the data on
trastuzumab is sparse. However, a comprehensive table out-
lining various monitoring strategies recommended by various
medical institutions is outlined in Table 6.3 [103-105].

For secondary prevention, in women with early breast can-
cer, treatment with the cardiotoxic agent should be discontin-
ued and non-cardiotoxic therapy substituted where possible.
For women with metastatic HER-2 amplified breast cancer,
temporarily discontinuing HER-2 targeted agents, treatment
with blockers and ACEIs and then cautious re-introduction
of the HER-2 targeted agent is often successful with con-
tinued indefinite use of the beta blocker and ACE inhibitor
[106]. Furthermore, the general population experience, it is
clear that individuals with an asymptomatic ejection fraction
below 50% have a ~3.5-fold increase in all-cause mortality
over the ensuing 9-10 years [107]. Therefore, as per ESMO
guidelines, use of ACEI should be considered in asymptom-

Guidelines/position paper Year Recommendations
Plana et al. [103] American Society of 2014 Treatment with anthracycline — baseline LVEF assessment with 3D or 2D
Echocardiography/European Echo, GLS, and troponin I measurement. If abnormal, cardiology
Association of consultation. If normal, follow-up at completion of therapy and 6 months
Cardiovascular Imaging: later. If the dose if >240 mg/m?, recommend LVEF, GLS and troponin prior
Multimodality Imaging to each additional 50 mg/m?
Evaluation
Virani et al. [104] Canadian Cardiovascular 2016 1. We recommend the same imaging modality and method be used to
Society Guidelines for determine LVEF before, during, and after completion of cancer therapy
Evaluation and Management (Suggestion, Low-Quality Evidence)
of Cardiovascular 2. We suggest that myocardial strain imaging be considered a method for
Complications of Cancer early detection of subclinical LV dysfunction in patients treated with
Therapy potentially cardiotoxic cancer therapy (Suggestion, Low-Quality
Evidence)
3. We suggest that serial use of cardiacbiomarkers (e.g., BNP, troponin) be
considered for early detection of cardiotoxicity in cancer patients who
receive cartiotoxictherapies implicated in the development of LV
dysfunction (Weak Recommendation, Moderate Quality Evidence)
Zamorano et al- [105] | ESC Position Paper on 2016 Echocardiography: -3D-based LVEF - 2D Simpson’s LVEF-GLS

cancer treatments and
cardiovascular toxicity
developed under the auspices
of the ESC Committee for
Practice Guidelines

e LVEF: >10 percentage points decrease to a value below the LLN
suggests cardiotoxicity

*  GLS: >15% relative percentage reduction from baseline may suggest
risk of cardiotoxicity

Nuclear cardiac imaging (MUGA)

* >10 percentage points decrease in LVEF with a value <50% identifies
patients with cardiotoxicity

Cardiac magnetic resonance

* Typically used if other techniques are non-diagnostic or to confirm
presence of LV dysfunction if LVEF is borderlines

Cardiac
biomarkers:- (Troponin I - High-sensitivity Troponin I - BNP - NT-proBNP)

* Arise identifies patients receiving anthracyclines who may benefit form
ACE-Is

* Routine role of BNP and NT-proBNP in surveillance of high-risk patient
needs further investigation
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atic woman with LVEF of <50%. Furthermore, a combina-
tion of ACEI and beta-blockers are recommended for both
symptomatic and asymptomatic patients with LVEF below
40% [100]. Additionally, algorithms have also been pro-
posed by the ESMO Clinical Practice Guideline for when
to hold or discontinue treatment with trastuzumab based on
serial LVEF measures [100]. Therefore, decisions to modify
or stop cancer therapy should be made by the treating team
comprised of cardiologist, oncologist, other healthcare par-
ticipants and patient himself/herself.

Revisiting the Case Presentation #2

A 52 year old female with pre-chemotherapeutic echocardio-
gram showing and LVEF of 57%, had fatigue at 6 months after
the initiation of trastuzumab, with the echocardiogram show-
ing an LVEF of 47% by Simpson’s method. Therefore, the
strategy would be to halt the administration of trastuzumab.
Cardioprotective agents such as ACEI and beta-blockers can be
started with close surveillance with echocardiogram. Once the
target ejection fraction is achieved (>54%), trastuzumab can be
re-introduced. The process of recovery tends to be quick and
possibility of relapse to cardiac dysfunction is minimal.

Conclusion

Cardiomyopathy is a well-recognized cardio-toxicity
of many anticancer agents. Primary prevention is
essential and therefore a proactive approach of identi-
fying and treating underlying cardiac risk factors is of
paramount importance. Additionally, a succinct, and an
effective approach should be undertaken early in the
course of the disease in patients suffering from chemo-
therapy related cardiomyopathy. It is also essential to
delineate the type of cardiomyopathy as the therapeutic
approach is not only different but the outcomes are
diverse also. Hence all other possible etiologies (e.g.
coronary artery disease, myocarditis) as contributing
or sole cause should be excluded. Thus, we cannot
paint all the cardiomyopathies/cardiotoxicity with the
same brush, and there is a need still to advance our
knowledge in this area to identify, understand and
thereby attenuate, if not ameliorate, chemotherapy-
induced cardiomyopathy.
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Abstract

Cardiovascular disease, is a well known complication of radiation therapy. This is espe-
cially seen in Hogdkin’s lymphoma survivors, who have received mediastinal therapy.
In this chapter, we present some of the common conditions associated with radiation

induced heart disease.
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Improvement in cancer therapy has led to an increasing num-
ber of survivors of childhood malignancy. In the United
States alone, nearly 14.5 million children and adults with a
history of cancer were alive on January 1, 2014 and it is esti-
mated that by 2024, the population of cancer survivors will
increase to almost 19 million [1]. Some of these cancer sur-
vivors are afflicted with long term side effects of therapy.
One well recognized late secondary effect in patients receiv-
ing mediastinal and chest wall radiation is cardiovascular
disease (CVD) [2].

The data for possible causal association of radiation and
heart disease mainly comes from studies of Hodgkin’s lym-
phoma (HL) and breast cancer patients undergoing radiation
therapy (RT).

Amongst long term survivors of HL, previously treated
with radiation, CVD is one of the most common cause of
death [3]. Patients with HL treated with mediastinal radia-
tion, have a 3.0 times higher relative risk of death from myo-
cardial infarction [4]. Patients previously treated with
mediastinal radiation are at increased risk for the develop-
ment of coronary artery disease (CAD), valvular heart dis-
ease, congestive heart failure (CHF), pericardial and
conduction system disease [1, 5]. The incidence of cardiac
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events increases with time, can affect younger adults and is
related to the radiation dose to the heart [5, 6].

A meta-analysis of eight randomized trials of patients
with breast cancer found a 62% increase in cardiac deaths
among women who were treated with RT [7]. The curve for
development of cardiac diseases and subsequent cardiac pro-
cedures rises steeply after 10 years of RT [8].

The basic mechanism behind radiation induced vascular
damage is endothelial dysfunction, with activation of inflam-
matory mechanism, release of cytokines and growth factors
with cellular infiltration, fibrin leak into the tissues promoting
collagen deposition, which may eventually lead to fibrosis [9].

This chapter illustrates some common CVD encountered
in patients with history of previous RT.

RT can affect the pericardium, myocardium, coronary
vessel, valves and the conduction system. Pericardium is
most frequently involved (Table 7.1).

Acute Pericarditis

Patients with acute pericarditis during RT, frequently present
with chest pain, low grade fever and non- specific ECG
changes. Sometimes classic ECG finding is seen, as illus-
trated in the case (Fig. 7.1).

Patients are treated with conventional therapy which
includes non-steroidal anti-inflammtory drugs (NSAID),
cochicine and steroids (in resistant cases). Treatment of
underlying malignancy is usually continued. Echocardiogram
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Table 7.1 Clinical manifestations of radiation related cardiovascular disease

Tissue involved Clinical presentation

Histology

Pericardium Acute pericarditis Fibrous pericardial thickening, fibrinous adhesions, chronic
Chronic pericardial effusion inflammatory infiltrate
Constrictive pericarditis

Myocardium Myocarditis Increased collagen (especially Type 1), interstitial fibrosis,
Cardiomyopathy myocardial perfusion defects

Congestive heart failure

Diastolic dysfunction

Vascular tree Coronary artery disease

Intimal proliferation of fibrous tissue, media destroyed with

Vascular occlusion

adventia markedly thickened and fibrotic

Carotid stenosis

Conduction system Heart block

Fibrosis of the conduction system

Endocardium Valvular disease (Stenosis/Regurgitation)

Leaflets/cusps fibrosis, calcification, thickening

CMP Cardiomyopathy, CHF Congestive heart failure, CAD Coronary artery disease

Acute pericarditis

v D

MiMM/LM N DN N

Fig.7.1 A 12lead ECG I avF
shows concave ST elevation !
in all leads with ST

depression in lead aVR,

suggestive of acute

pericarditis. The patient L
presented with pericardial
chest pain during RT for
carcinoma of the lung

may or may not show minimal to small pericardial effusion.
Cases with pericardial effusion should be followed up by
a limited echocardiogram in 4-6 weeks. In most cases the
effusion resolves with medical therapy. Patients who develop
pericardial effusion after radiation, even if minimal should
be followed up by periodic echocardiogram, as rarely it may
lead to chronic pericardial effusion.

Chronic Pericardial Effusion

Chronic pericardial effusion can develop months or years
after completion of radiation therapy. The development of
chronic pericardial effusion is usually discovered by the inci-
dental finding of enlarged cardiac silhouette on chest—X-ray

W%Nm_ww__dﬁwU_LL Jb\_w

or development of pericardial effusion on CT scan, which is
done routinely for follow up purposes (Figs. 7.2 and 7.3).
Some of these patients may develop symptoms of fatigue,
dyspnea on exertion and leg edema.

Following case illustrates the development of chronic
pericardial effusion due to RT.

A 49 year old man, stage 3 lung carcinoma, who had
received a total of 70 Gy radiation to the chest, completed in
Jan 2006. When seen in the clinic on 3rd Dec 2007, he was well
and walking 5 miles/day with minimal shortness of breath. A
chest-X-ray showed enlarging cardiac silhouette (Fig. 7.2).
Review of CT scans showed a slowly increasing pericardial
effusion (Fig. 7.3)

This led to an echocardiogram showing a large pericardial
effusion, with tamponade physiology, for which he underwent
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successful pericardiocentesis. The pericardial fluid showed Constrictive Pericarditis

only inflammatory cells with no malignant pathology.

Subsequent follow up echocardiograms shows no re-accumu-  Pericardial constriction can develop many years after com-
lation of the fluid. When seen last in clinic in 2014, he was pletion of radiation therapy. Patients usually present with

asymptomatic and doing well. fatigue, dyspnea and signs of heart failure.
Fig.7.2 Chest-X-ray Pericardial effusion
(C-x-R) on 2nd Feb 2007,

shows minimal cardiomegaly 2nd Feb 2007 3rd Dec 2007
due to a small pericardial
effusion. C-x-R on 3rd Dec
2007 shows a significantly
enlarged cardiac silhouette
due to a large pericardial
effusion

Chronic Pericardial Effusion

6th Mar 06 30th May 06 20th Nov 06
No Effusion Small Effusion Stable. slightly increased

Fig. 7.3 CT scans shows
development of chronic
pericardial effusion. A CT
scan on 6th Mar 2006 showed
no pericardial effusion.
Subsequent CT scan on 30th
May 2006 shows small
pericardial effusion, which
progressively increases to
become large in Dec 2007,
necessitating a pericardial
drainage. CT scan on 9th Jan
2012, shows no
re-accumulation of pericardial
fluid. The red arrow points to
the large pericardial effusion

22nd May 07 3rd Dec 07 9Jan 2012
Moderate Effusion Large Effusion No Effusion
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Fig. 7.4 Echocardiogram
shows pericardial thickening,
respiratory variation in mitral,
tricuspid inflow and a
permanent pacemaker in the
right ventricle. The red arrow
points to the thickened
pericardium and the blue
arrow points to the pacemaker
lead in right ventricle

Figure 7.4 illustrates the case of a young man who com-
pleted his radiation therapy 40 Gy to mediastinum and neck
for HL in 1984. He presented with complete heart block in
2005 for which a permanent pacemaker was implanted. In
March 2007 he presented with a pericardial effusion for
which he underwent pericardiocentesis and a pericardial
window. His symptoms persisted and further evaluation con-
firmed a pericardial constriction for which he underwent a
pericardial stripping in April 2007. The coronary angiogram
also showed a 50% LAD. Figure 7.5 shows hemodynamic
findings of constrictive pericarditis.

Coronary Artery Disease (CAD)

CAD may manifest many after completion of RT. Proximal
vessels which are in the field of RT are frequently affected.
However radiation is also known to affect the small vessels.
Asymptomatic cardiac perfusion defects are seen in about
50% of breast cancer patients treated with RT and can occur
as early as early as 6 months after radiotherapy [10].
Following cases illustrates the development of symptomatic
and asymptomatic radiation induced CAD (Figs. 7.6 and 7.7).
Patients with radiation induced CAD are treated as per
ACC/AHA guidelines, with aggressive medical therapy for
stable disease and per-cutaneous intervention for unstable
disease. Surgical intervention can sometimes be challenging

S.W. Yusuf

Constrictive Pericarditis

Fig. 7.5 Constrictive pericarditis: Hemodynamics showing venticular
discordance (interdependence) with an increase in right venticular (RV)
pressure and a simultaneous decrease in left venticular (LV) pressure
during inspiration in a patient with constrictive pericarditis due to previ-
ous thoracic surgery (The red arrow points to the RV and the black
arrow points to the LV)
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Fig. 7.6 A 34 year female with history of diabetes mellitus and no other
risk factors. She completed RT for HL in Nov 2005. In Jan 2014 she pre-
sented with a Non ST elevation myocardial infarction (NSTEMI). A coro-
nary angiogram showed a significant proximal right coronary artery (RCA)
disease for which she underwent successful percutaneous intervention. The
red arrow points to the proximal RCA lesion (Image courtesy of Dr. C.
Tliescu)

Fig. 7.7 Coronary artery disease: A 50 year old man with previous
history of mesothelioma and radiation in the cardiac field, fully asymp-
tomatic. A routing pre-op tress test shows severe ischemia in the inferior
wall (in the region of previous radiation). (a) A nuclear scan showing

due to significant mediastinal fibrosis and involvement of the
internal mammary arteries.

Valvular Heart Disease

There is a high prevalence of asymptomatic valvular disease
(particularly aortic), following mediastinal irradiation [11].
Most of the lesions are regurgitant and mild [11]. Rarely
severe valvular disease may occur. Fig. 7.8 illustrates the
case of radiation induced valvular disease.

Vascular Calcification and Stenosis

Following cases illustrates the development of calcification
and stenosis in major vessels (Figs. 7.9, 7.10 and 7.11).

Cardiomyopathy

Cardiomyopathy is also a known complication, and myocar-
dial strain imaging is a novel method to detect myocardial
abnormality in patients with RT [12] (Fig. 7.12).

inferior wall ischemia. (b) A coronary angiogram shows significant
RCA disease. (c¢) Following successful coronary intervention and
stenting
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Fig. 7.8 Illustrates the case
of a 46 year asymptomatic
female, who had completed
30 Gy radiation to the
mediastinum and neck for HL
in 1976. Following
echocardiogram in 2005

(29 years after completion of
radiation therapy) was
obtained for routine follow
up. The echocardiogram
shows mild regurgitation of
all valves with moderate
aortic stenosis

Fig.7.9 Shows aortic
calcification in a childhood
lymphoma survivor with
non-ischemic cardiomyopathy
who had received 48 Gy
radiation, 36 years ago. The
red arrow points to the
calcification in the aorta
(Images courtesy of

Dr. 1. Daher)

Valvular Heart Disease After XRT
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Fig. 7.10 Shows complete occlusion of the left subclavian artery
(radial approach) in a 66 year old man with history of radiation in the
region of subclavian artery for a hypopharyxngeal tumor. He had a pre-
vious history of CABG in 2000. The coronary angiogram was done in
Nov 2008 for an abnormal stress test obtained for a pre-operative evalu-
ation. The patient was otherwise asymptomatic, with finding of absent
left radial and a barely palpable left brachial pulse. Image shows com-
plete occlusion of the left subclavian artery (red arrow) (left brachial
artery approach). Left Internal mammary artery (LIMA) is visible. In
addition there is about 50% stenosis at the origin of the left vertebral
artery. Slide courtesy of Dr. Iliescu

Fig.7.11 The following
image shows carotid
atherosclerosis/stenosis in a
patient who has received
radiation for nasopharyngeal
carcinoma more than 25 years
ago. This 77 year old man was
physically active, with no
neurological symptoms and
had no history of other vascular
disease. A carotid Doppler
showed calcified plaques in the
right and left bulbs with
secondary 50-69% stenosis of
the left internal carotid artery
segment and <50% stenosis of
the right internal carotid artery
segment. Normal forward flow
was present in the right and left
vertebral arteries

Left bulb plaque

Conduction System Disorder

Heart block can occur many years after completion of the
RTand is due to fibrosis of the conduction system (Fig. 7.13).

Discussion

As illustrated by cases above, radiation causes pericardial,
valvular, vascular, myocardial and conduction system
disease.

Vascular stenosis

Carotid disease

Right bulb/ICA

Effort should be made to prevent the development of
these complications. With advancement in radiation and
decreasing dose the incidence may decrease over a period of
time, but globally still many patients will be afflicted with
these cardiovascular side effects of RT.

For patients undergoing mediastinal radiation, at baseline
evaluation clinical risk factors like smoking, hyperlipidemia,
diabetes mellitus and hypertension should be identified and
treated according to existing guidelines. At baseline a lipid
profile, thyroid function, 12 lead ECG and an echocardio-
gram should also be obtained.
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Cardiomyopathy

24t Sep 2010 19t Jan 2011

Peak Systolic Strain Peak Systolic Strain

Fig. 7.12 The above image is of a 35 year old man with mediastinal ~ strain (GLPSAvg) (24th Sep 2010) was —18.5, which decreased to
lymphoma, ex-smoker, Chol = 234, LDL = 150, who had received a  —15.7 (19th Jan 2011) with RT, indicating abnormal myocardial strain
total of 39.6 Gy radiation between Sep and Oct 2010. The initial global  due to RT(normal myocardial strain is >—18.5)

Conduction system disorder

Fig.7.13 Shows the ECGof = i RS S 0 0 0
a patient who presented with ﬂ" P o i e s e B EE ' Vi
complete heart block 29 years ot st 1 2 ks ey ey e e o s o e e e ] e By
aftercompletionofRT.The o e
patient presented underwent | [ £
RT for HL (when aged

16 years) in 1978. In 1998 she
was found to have moderate
aortic regurgitation. In 2001
she under Aortic Valve
replacement (AVR) with
coronary artery bypass
grafting (CABG). In 2009
(aged 47 years), she presented
with syncope and was found
to be in complete heart block
for which she underwent a
permanent pacemaker ]
placement
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The prevalence and development of radiation associated
valve disease (RAVD) is related to the time following RT e.g.
in one study the prevalence of moderate to severe aortic
regurgitation was 1.1% amongst those who had undergone
RT 2-10 years earlier, which increased to 15% amongst the
group receiving RT > 20 years ago [11]. Hence a follow up
echocardiogram should be done at least at a minimum of
10 year interval after radiation therapy.

Likely due to tumor location, radiation related CAD primar-
ily has been described to involve the proximal vessels, the coro-
nary ostia and left main artery [13, 14]. Patients with radiation
induced CAD commonly present with angina, myocardial
infarction or syncope related to complete heart block [14].
Rarely, sudden death may be the initial presentation in these
patients [14]. Myocardial perfusion defects, in irradiated por-
tion of left ventricle in asymptomatic patients also suggest small
vessel damage due to RT [15]. In one study, which included
patients who had received more than 35 gray of RT, about 8.4%
of patients had some sort of perfusion defect on their stress test.
Of these only 5% had received RT within 2—10 years of being
enrolled in this study, compared to 20% who had received radia-
tion therapy >20 years ago [16]. In this study, in the group that
had received RT within 5-10 years of being enrolled in the
study only 1.7% of the total patients enrolled underwent coro-
nary angiogram based on the result of the stress test [16].

A functional non-invasive stress test is recommended
5-10 years after completion of RT, in high risk asymptom-
atic patients. (patients who have undergone anterior or left
sided chest radiation with >1 risk factors for radiation
induced heart disease) [17].

Carotid stenosis, is recognosed complication of radiation
therapy to the neck. Long segement of the carotid artery may be
affected. In one study in which patients received a mean cumula-
tive radiation dose of 6420 cGy (range 5500-7680), with a mean
duration of 10.2 years since their last radiation treatment, 16
patients (40%) had significant carotid artery stenosis [18]. Based
on little data, a firm conclusion cannot be made for Doppler
screening in these patients, but it is not unreasonable to have a
screening Doppler of the carotid arteries, at >10 years after com-
pletion of radiation, or earlier if any clinical finding of bruit.

Key Points

* Hodgkin’s lymphoma and breast cancer survivors treated
with radiation therapy are at increased risk of develop-
ment of cardiovascular disease.

e Radiation related damage to the heart affects the pericar-
dium, myocardium, valves, and coronary vessels, with
pericardium being most frequently involved.

e Asymptomatic cardiac perfusion defect are seen in about
50% of breast cancer patients treated with radiation ther-
apy and can occur as early as early as six months after
radiotherapy.

e Due to improvement in radiation techniques, the risk
of cardiovascular complications in relation to radia-
tion may have declined over time, but the risk of death
from myocardial infarction in patients with HL
remains increased even amongst those treated after
1985. Recently, population based case-control study
of major coronary events in women who received radi-
ation therapy for invasive breast cancer between 1958
and 2001, reported that the subsequent rate of isch-
emic heart disease was proportional to the mean dose
to the heart, with the relative risk increasing by 7.4%
per Gray (Gy) [19].

e Endothelial damage is an early sign of radiotherapy
induced vascular injury.

e Radiation induced fibrosis seems to be the result of
multicellular interactions mediated by inflammatory
cytokines, vascular inflammation and endothelial cell
dysfunction.

* Prevention of radiation induced heart disease should be
the main goal of all clinicians involved in the care of these
patients.

* Risk factors like smoking, hypertension, diabetes melli-
tus, and hyperlipidemia should be aggressively targeted
and treated as per current guidelines.

e Echocardiogram should be done at 5-10 years follow up,
or earlier if clinically indicated.

e A functional non-invasive stress test is recommended
5-10 years after completion of radiation, in high-risk
patients.
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Abstract

Therapeutic management of the cancer patients with symptoms of acute coronary syndrome
has to be tailored to patient’s comorbidities while balancing potential risks of invasive
revascularization. Careful selection of patients with ischemia-inducing stenosis necessitat-
ing cardiac catheterization is required to avoid hazardous complications in cancer patients
with good prognosis. In general in patients with acute coronary syndrome, an early invasive
strategy (coronary angiography and percutaneous coronary intervention or coronary artery
bypass graft) is superior to a conservative strategy of optimum medical treatment alone.
Intraprocedural tools for lesion assessment (intravascular ultrasonography, optical coher-
ence tomography) allow a better characterization of the luminal processes and assessment
of the hemodynamic impact of the lesion. A fractional flow reserve of >0.75 permits post-
poning stent placement and prompt continuation on anticancer therapy with no increased
mortality risk. Special considerations have to be made in respect to primary or acquired
thrombocytopenia, the increased propensity to thrombosis associated with cancer as a pro-
inflammatory state, and the potential drug interactions. The use of percutaneous coronary
angiography with either bare metal stents or drug eluting stents requires combined anti-
platelet therapy (aspirin and P2Y 12 inhibitors) to prevent early stent thrombosis. Significant
collaborative efforts between cardiologists and hematologists/oncologists is of prime
importance in order to optimize the care of oncology patients and increase overall
survival.
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IVUS Intravascular ultrasonography
NSTEMI Non ST elevation myocardial infarction
PCI Percutaneous coronary intervention
POBA Plain balloon angioplasty

UA Unstable angina

Introduction

Ischemic heart disease in cancer patients can either be long-
standing or as consequence of the exposure to “cardiotoxic”
therapies (chemotherapy, radiation) along with the hyperco-
agulable state created by malignancies [1].

Unique issues arise when this patient population develops
the need for interventional cardiovascular procedures such as
indications, timing of the procedure, additional comorbidi-
ties including thrombocytopenia and paraneoplastic disease,
vascular access choice, etc. Often, a combined medical and
interventional approach is required in order to best balance
the risk-benefit profile of these patients [2].

This chapter highlights the treatment approaches to can-
cer patients with acute myocardial infarction, giving empha-
sis to percutaneous coronary interventions (PCI) and the
importance of intraprocedural tools to improve outcomes in
this patient population.

In this chapter we will focus on the following:

1. Management of Myocardial Infarction in Cancer Patients:
General Considerations
2. Coronary Interventions
 Intraprocedural tools for lesion assessment
— Fractional Flow Reserve (FFR)
— Intravascular Ultrasound (IVUS)
— Optical Coherence Tomography (OCT)
e Left main coronary artery disease
3. Takotsubo stress cardiomyopathy
4. Special considerations in patients with thrombocytopenia

Management of Myocardial Infarction
in Cancer Patients: General Considerations

Therapeutic management of the cancer patients with symp-
toms of acute myocardial infarction (MI) pose significant
challenges. Tailored treatment to patient’s comorbidities and
balancing potential risks are recommended. The available
treatment options for MI in cancer patients (aspirin, § block-
ers, statins, percutaneous coronary intervention (PCI) with-
out stenting, PCI with bare metal stent or drug eluting stent,
CABG) rely on studies done in general population, as evi-
dence-based treatments lack for this particular group of

patients [2]. In one study in which very few patients under-
went coronary intervention, medical therapy with aspirin and
beta blockers improved survival [3]. In another study, car-
diac death at 1-year was found to be similar in cancer patients
and non-cancer patients, probably as result of early reperfu-
sion therapy with coronary intervention [4].

Early invasive approach versus conservative manage-
ment provide conflicting results and controversies still per-
sist in the literature [4]. The traditional approach in cancer
patients with symptoms of acute coronary syndrome (ACS)
includes an intense medical management and risk stratifica-
tion using non-invasive means to identify patients who may
need coronary angiography [2]. However, reports have
shown that higher risk patients appear to benefit from an
early invasive strategy [5]. Results of a recently published
randomized controlled multicenter trial including only
patients aged >80 years presenting with non-ST elevation
myocardial infarction (NSTEMI) or unstable angina (UA),
showed an early invasive strategy (coronary angiography
and subsequent treatment with percutaneous coronary inter-
vention, coronary artery bypass graft) being superior to a
conservative strategy of optimum medical treatment alone
in the reduction myocardial infarction, need for urgent
revascularization, stroke, or death [6]. Early angiography
(within 24 h) speeds revascularization, prevents occurrence
of further complications of ACS, and facilitates early dis-
charge [7].

Current guidelines in general population recommend
early invasive strategy for higher risk patients based on TIMI
score and/or GRACE (Global Registry of Acute Coronary
Events) risk predictor model [8]. Additional recommenda-
tions include [8]:

e Patients with NSTEMI who have refractory angina or
hemodynamic or electrical instability.

e Signs or symptoms of heart failure or new or worsening
mitral regurgitation.

e Sustained ventricular tachycardia or ventricular fibrillation

The initial step embraces risk stratification by MDACC
Risk Score. Presence of >3 of these factors favors early angi-
ography (ideally within 24 h) with possible revascularization
by percutaneous intervention or bypass surgery. If none of
the above, patients should begin intensive medical manage-
ment according to current cardiovascular guidelines. The
MD Anderson Cancer Center approach in cancer patients is
shown in Fig. 8.1.

Placement of IABP should be considered in patients
with cardiogenic shock or with hemodynamic instability
until revascularization can be done or in patients with
recurrent ischemia despite maximal medical treatment [2].
Recent data from MD Anderson Cancer Center on patients
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Fig.8.1 The MD Anderson Cancer Center approach in cancer patients with ACS and thrombocytopenia

diagnosed with acute myocardial infarction showed that
cancer patients are more likely to benefit from aggressive
medical therapy, with a significant overall survival
improvement with the use of aspirin and beta-blockers [3].
The study also reported that patients with hematological
malignancies have worse outcomes than patients with
solid tumors [3].

If angina symptoms cannot be controlled with optimal
medical therapy and further pain palliation is required, PCI
or Coronary artery bypass graft (CABG) should be consid-
ered as further options (Figs. 8.2 and 8.3). When invasive
revascularization is considered, the choice between PCI
and CABG is a matter of debate. The general condition
of the patient, stage of malignancy and severity of the car-
diac disease are factors that influence the decision. CABG
is preferred when patients have a good outcome and a
potentially curable malignancy, while PCI is reserved
for more aggressive disease [2]. If PCI is the option, bal-
loon angioplasty, stenting with implantation of BMS (bare
metal stent) or DES (drug eluting stent) are possibilities
available. However, cancer patients with coronary artery

disease and BMS placed have an increased risk of stent
thrombosis compared to general population [9]. In cancer
patients with normal platelet counts and no other contra-
indications, dual antiplatelet therapy with Aspirin and
Clopidogrel is recommended for all patients with acute
MI [10]. Early discontinuation of Clopidogrel has been
associated with subacute and late stent thrombosis and
recurrent myocardial infarction. Cancer patients with bare
metal stents (BMS) appear to have a higher risk of stent
thrombosis compared to the general population with most
events in patients on DAPT. This risk could be enhanced
by the pro-inflammatory state in cancer and susceptibil-
ity for clotting. Some of the chemotherapeutic drugs are
thrombogenic (cisplatinum and thalidomide) or might
induce thrombocytopenia causing concerns about the need
to use the platelet-suppressing agents [11]. Moreover, re-
endothelialization after implantation of stent can take lon-
ger in cancer patients under chemotherapeutic regimen.
Postponement of any non-cardiac surgery is suggested
to be done for 6 weeks up 3 months after implantation of
BMS and 6-12 months after DES [2].
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Fig. 8.2 (Panel a-d) Sixty-eight year old man with stage IIIB non- (CTO) of the Left Circumflex artery; (b) left circumflex artery angio-
small cell lung cancer on chemo-radiation therapy was admitted with  plasty; (¢) stent deployment in the left coronary artery; (d) flow restora-
chest pain and elevated troponin levels. (a) A complete total occlusion  tion of the left coronary artery

Fig. 8.3 (Panel a—c) Sixty-one-year-old male with a past medical his- A subtotal occlusion of the proximal to mid left descending artery
tory of hypertension, multiple sclerosis, nonsmall-cell lung cancer (LAD); (b) LAD with residual >60% stenosis after balloon angioplasty
diagnosed in 2004, status post multiple chemotherapy regimens with  (POBA), stenting was required; (c¢) flow restoration of the LAD with
variable response, who was started on experimental chemotherapy. (a)  <10% residual stenosis after post dilation of the stent




8 Acute Coronary Syndrome in Patients with Cancer

85

Coronary Interventions: Intraprocedural
Tools for Lesion Assessment

Fractional Flow Reserve

Interventional treatment of moderate lesions based on angio-
graphic findings alone can be influenced by the patient’s
symptoms, and stenosis severity can be overestimated [12].
There is suboptimal overlap between the degree of stenosis
and coronary blood flow. Hyperemic flow may be limited in
stenosis as low as 45% diameter as other factors, such as
residual cross-sectional area, lesion length, and collateral
circulation influence resistance and flow, and therefore,
symptomatology [13].

Fractional flow reserve (FFR) represents a lesion-spe-
cific index defined as the maximum achievable blood flow
in the presence of a stenosis divided by maximum flow if
there was no obstructive epicardial coronary disease [14]
(Fig. 8.4). FFR guided PCI is associated with less coro-
nary events when compared with revascularization driven
by angiographic aspect. FAME trial results have shown, in
general population, a decreased primary composite end
point of death, myocardial infarction, and repeat revascu-
larization at 1 year, by quantifying the hemodynamic sig-
nificance of the lesion by FFR [15]. The combined rate of
death and myocardial infarction was also significantly
reduced. Justification of FFR guided-PCI use in ischemic
coronary disease has been provided by several studies; a
recent meta-analysis by Nascimento et al. [16] looked at a

total of 19 studies and highlights the safety in deferral of
patients with normal FFR and in those receiving interven-
tion with an abnormal FFR.

Controversy in cancer patients regarding the extent of the
benefit from PCI exists. Careful selection of patients with
ischemia-inducing stenosis requiring revascularization and
balancing risks is required in order to avoid hazardous com-
plications in patients with good prognosis. A fractional flow
reserve (FFR) of 0.80 or less in non-cancer patients reflects a
hemodynamically significant stenosis with an accuracy of
90% [15].

Previous results from unpublished data on cancer patients
who underwent coronary angiography and FFR measure-
ment have shown that deferring cancer patients with
FFR > (.75 allows prompt continuation on anticancer ther-
apy and is not related with increased mortality risk.
Recommendation is to measure FFR when possible to assess
hemodynamic involvement of the lesion.

Intravascular Ultrasound

Intravascular ultrasound (IVUS) due to its higher special
resolution is superior to angiography alone in determining
lesion severity and allows for better characterization of lumi-
nal processes (Fig. 8.5) [17]. It provides information on pre-
intervention related to lesion characteristics, including
vulnerable plaques, lesion severity, length, and morphology;
on post-intervention optimal stent implantation for stent

Fig. 8.4 FFR measurement in 72-year-old gentleman with a long-
standing history of progressive myelodysplasia syndrome and history
of non-ST segment elevation myocardial infarction. Echocardiographic
findings showed hypokinesis in the LAD territory. Platelet count was
15 x 10%/L. Special considerations were taken to decrease bleeding risk

such as radial approach and the use of micro puncture needle. Initial
angiographic findings revealed a distal LAD lesion corresponding with
80% stenosis. We proceeded to measure FFR, which showed non-sig-
nificant hemodynamic compromise. The patient was medically man-
aged and was able to resume cancer therapy
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Stenosis + thrombusq

Fig. 8.5 IVUS guided stent placement in a patient with metastatic
melanoma. Patient was treated with Carboplatin and Taxol with Avastin
for a year and then with GSK-MEK inhibitor. The primary cancer was
located in the left neck area, for which he had a surgery and postopera-
tive radiation. Patient had left sided neck discomfort and the troponin

expansion, extension, and apposition; and on possible com-
plications after stent implantation [18]. Recent published
data suggest that IVUS-guided DES implantation decreases
the rates of major cardiac events, stent thrombosis and target
lesion revascularization when compared to angiography-
guided PCI [19]. The use of FFR and IVUS have signifi-
cantly improved detection of coronary stenosis and are
frequently used to assess the severity of left main coronary
coronary artery stenosis.

level was elevated. Panel a—coronary angiography shows stenosis of
the proximal segment of LAD; Panel b—IVUS assessment before stent
placement; Panel c—IVUS guided stent placement, Panel d—restora-
tion of blood flow in LAD

Optical Coherence Tomography

Optical coherence tomography (OCT) is a high-resolution
imaging modality that uses infrared light emission to provide
cross-sectional images of tissue with a resolution of <10-20
pm [20]. Due to its high resolution, it enables the differentia-
tion of the various layers of the coronary arterial vessel wall
to accurately classify the tissue characteristics and identify
morphological features of vulnerable plaque, such as a thin
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Fig. 8.6 (Panel a—-d) OCT images for preoperative evaluation in a
60 year old female with breast cancer with multiple PCI and recurrent
chest pain. Panel a—Optical coherence tomography (OCT) appearance
of lipid pool with overlying thin fibrous cap—the lipid core has a dif-
fuse border and high light attenuation resulting in poor tissue penetra-
tion. This is the typical appearance of thin cap fibro-atheroma (TCFA).
Panel b—OCT appearance of calcified plaques—calcified regions with
a sharp border, low signal, low attenuation, permitting deeper penetra-

tion. Panel ¢c—OCT appearance of overlying thrombus on some of the
stent struts. Panel d—Optical coherence tomography images of com-
mon neointima and neoatherosclerosis. Common neointima is recog-
nized by its high-signal. Common neointima is recognized by its
high-signal intensity and homogeneous region inside stent struts. All
the images were obtain from the same patient, who developed neoath-
erosclerosis after stent implantation

Fig. 8.7 IVUS-guided LM stenosis assessment in a 45-year-old gen-
tleman with metastatic melanoma to the lung and liver and recurrent
pulmonary edema. At that time, left heart catheterization revealed an
ostial left main stenosis. The arrow points to the stenosis (Panel a).
Patient was considered high-risk for bypass surgery. Decision was
made to proceed with left main stenting with a drug-eluting stent

fibrous cap, lipid-rich plaque, and thrombus formation [21].
Ex vivo studies of the coronary arteries have demonstrated
the accuracy of optical coherence tomography imaging for
definition of plaque characteristics (revealing nearly identi-
cal images when compared with the histology) [22] (Fig. 8.6).

OCT has great utility in cancer patients identifying stents
with adequate strut apposition and endothelialization [2].
Such findings support a decreased risk of in stent thrombosis
and help guide temporary discontinuation of antiplatelet
therapy to continue cancer treatment without experiencing
adverse cardiovascular effects.

OCT also allows visualization of the key components of
the atherosclerotic plaque that appear to confer vulnerability
to rupture thickness of the fibrous cap, size of the necrotic
core, and the presence of macrophages [23]. Thin fibrous
cap cutoff by OCT is <65 pm [24]. Necrotic core (and the
broader histopathological category of a lipid pool) is seen as
a signal-poor region with poorly defined borders and fast

(DES). Left main was stented with a Cypher drug-eluting stent 35 x 8
deployed at 14 atmospheres post-dilatation was performed using a
quantum 40 x 18 inflated at 14 atmospheres with flare-up of the ostium
(Panel b, ¢). Intravascular ultrasound post-procedure confirmed good
stent apposition (Panel d). Patient was transferred to the ICU with
intraaortic balloon pump and Swan Ganz catheter

OCT signal drop-of [23, 25]. Macrophage accumulations
can sometimes be seen at the border of the fibrous cap and
necrotic core, and can appear as punctate signal-rich spots
that exceed the background noise of the image [25].

Left Main Coronary Assessment
and Therapeutic Strategies

Left main coronary stenosis has become increasingly common
in cancer survivors due to mediastinal exposure to radiation
therapy [26]. Assessment of the lesion includes coronary angi-
ography in addition to FFR and IVUS to improve the diagnos-
tic accuracy (Fig. 8.7). There is no current data is available
for invasive assessment of left main disease in cancer patients.
In our experience on patients that underwent coronary angi-
ography we have used a FFR value of >0.80 or absolute
cross sectional area by IVUS of >7 mm? for symptomatic
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and >6 mm? for asymptomatic patients as cutoff criteria to
defer further revascularization strategies. Interventions were
deferred in 50% of patients and cancer care was resumed with-
out interruptions.

Stent vs. CABG

Left main stenting has been adopted among clinical practices
as a response to previously published studies which reported
comparable outcomes when compared to coronary artery
bypass graft (CABG) revascularization [27].

Current guidelines of LMCA disease in general popula-
tion recommend PCI (class IIa recommendation) in patients
with ostial or shaft disease, those with low SYNTAX score
(<23), or those where PCI can be performed more rapidly
and safely than CABG [28].

Takotsubo Stress Cardiomyopathy

Takotsubo stress cardiomyopathy (TSC) is a syndrome
characterized by transient myocardial dysfunction with
unknown etiology [29]. It represents a clinical syndrome
that mimics acute myocardial infarction, with indistin-
guishable electrocardiographic findings, as well as non-
specific biomarker elevation. Recently studied data at MD
Anderson Cancer Center found that almost 10% of patients
with cancer who exhibited clinical characteristics of
NSTEMI had TSC [30]. Physical and psychological stress
have been identified as most common triggers in general
population, mostly due to sympathetic activation [31] .
Takotsubo syndrome is also considered to be a side effect
of chemotherapeutic use for antineoplastic agents such as
5-FU, Sunitinb, Daunorubicin, Cytarabine [32]. However,
in cancer patients, surgical procedures account for most of
the cases (Fig. 8.8).

Researchers at the Mayo Clinic proposed the following
diagnostic criteria for TSC [33]:

1. Transient hypokinesis, akinesis, or dyskinesis in the left
ventricular mid segments with or without apical
involvement;

2. Regional wall motion abnormalities that extend beyond a
single epicardial vascular distribution; and frequently, but
not always, a stressful trigger;

3. Absence of obstructive coronary disease or angiographic
evidence of acute plaque rupture;

4. New ECG abnormalities (ST-segment elevation and/or
T-wave inversion) or modest elevation in cardiac tropo-
nin; and,

5. Absence of pheochromocytoma and myocarditis.

m Surgical

B Acute iliness

B Unidentified Cause
[ Chemotherapy

B Emotional Stress
B Radiation

Fig. 8.8 Takotsubo Triggering Factors in Cancer Patients

The gold standard for definitive differentiation between
AMI and TSC is cardiac catheterization (Fig. 8.9).
Identifying TSC in cancer patients is essential since they
may represent a subgroup of patients that could promptly
resume cancer therapy with complete ejection fraction
recovery. Also identifying TSC may allow withholding anti-
platelet therapy in patients who are at risk of bleeding and in
the absence of confirmed diagnosis of TSC would otherwise
may receive antiplatelet therapy. In absence of significant
underlying comorbidities the prognosis is good. Cancer
therapy should be resumed in 2-4 weeks and for long term
treatment B-blockers can be used to reduce the sympathetic
heart stimulation. Past experience have shown that 95% of
the patients who required further oncologic treatment were
able to continue it without recurrent TSC with a mean time
of 21 days [34].

Studies on long-term prognosis of TSC have found no dif-
ference in terms of survival when compared to AMI [29],
suggesting that this clinical syndrome is less benign than
previously thought. Physicians should be aware and low
threshold for cardiac catheterization should be considered in
highly suspicious patients.

Special Considerations in Patients
with Thrombocytopenia

Prevalence of thrombocytopenia (TP) varies from 10 to 25%
among cancer patients, approximately 10% having platelet
counts less than 100 x 10%L [35].Thrombocytopenia may
be a feature of the underlying malignancy or may result
from the treatment of cancer itself, and increases the risk of
bleeding and other cardiac events. Chemotherapy-induced
thrombocytopenia triggers spontaneous bleeding (not life
threatening or intracranial) in patients with platelet counts
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Fig. 8.9 Angiographic study
in a 70-year-old Caucasian
woman with a history of
marginal cell lymphoma who
had undergone threecycles of
Fludarabine with
Mitoxantrone and presented
with progressive dyspnea on
exertion. She was found to
have new onset systolic heart
failure with regional wall
motion abnormalities and
elevated cardiac enzymes.

(a) Coronary angiography
showing clean coronaries
without any signs of
obstruction and (b) LV gram
showing apical balloon. A
diagnosis of Takotsubo
cardiomyopathy was made
and the patient made an
unremarkable recovery and
was discharged home without
any sequelae

Diastole

less than 10 x 10°/L [36]. .Bleeding risk in patients with TP
is increased, however, low platelet counts does not protect
against thrombotic events (Fig. 8.10).

A platelet count of 40-50 x 10 x 10°/L should be sufficient
to perform most of the interventional procedures. Safety mea-
sures during the procedure include ultrasound guidance,
micro puncture needles, and fluoroscopic guidance, may con-
tribute to the best possible outcomes [2]. 30-50 U/kg unfrac-
tionated heparin is the initial recommended dose for
thrombocytopenic patients undergoing PCI who have plate-
lets <50 x 10°/L with ACT monitoring during the procedure
and additional heparin administration if ACT < 250 s.

The use of antiplatelet therapy remains controversial;
however, experience at MD Anderson Cancer Center in
patients with thrombocytopenia and ischemic heart disease
showed a significant improvement in survival among the
patient cohort when therapy with ASA was added to the
treatment regimen, and no bleeding complications were
found [37]. This finding implies that regardless of the
platelet count, antiplatelet therapy should be considered
Administration of Aspirin can be used in patients with

Systole

platelet counts more than 10,000/mL. Given the high risk
of early stent thrombosis, dual antiplatelet therapy with
Aspirin or Clopidogrel is recommended when platelet
counts are >30-50 x 10%L. Usually, in cancer patients
with thrombocytopenia, Clopidogrel can be administered
with a 75 mg oral dose daily, after an initial loading dose
of 150-300 mg [38].

DAPT may be restricted to 2 weeks following PTCA
alone, 4 weeks after bare-metal stent (BMS), and 6 months
after second or third generation drug-eluting stents (DES)
if platelet counts are more than 50 x 10%L. Consultation
with hematology/oncology specialists is recommended for
severely thrombocytopenic cancer patients with MI under-
going cardiac catheterization. In MD Anderson Cancer
Experience, no patient with thrombocytopenia has received
GPIIb/IIIa inhibitors [10]. There is a lack of data on the
use of Abciximab, Eptifibatide, Tirofiban in association
with medical and invasive treatment in cancer patients
with MI, while in general population a low risk of bleeding
(<25%) and of thrombocytopenia (<0.5%) has been
reported.
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Fig. 8.10 Coronary angiography images with multiple vessels stenosis in a 39 year old female with acute myeloid leukemia, in remission. She
presented 2 weeks prior to SCT, with acute myocardial infarction and was found to thrombocytopenic, with a platelet count of 32 x 10°/L

Conclusions

In cancer patients with stable coronary disease, symptoms
can be managed conservatively, with medical treatment
only as with general population. In contrast, in patients
with severe three vessel disease involving left anterior
descending artery and symptoms of UA/MI there is a criti-
cal need for revascularization. Data on the outcomes after
performing invasive procedures in cancer patients with
concomitant active coronary artery disease are lacking, as
major clinical trials have excluded this particular group of

patients. Special considerations have to be made in respect
to cancer’ comorbidities such as thrombocytopenia, the
increased propensity to thrombosis, and the potential drug
interactions between drugs commonly used in the man-
agement of coronary disease and antineoplastic agents in
cancer treatment. In order for patients to receive an appro-
priate treatment and avoid hazardous consequences of
invasive treatment proper selection of patients who will
benefit from revascularization has to be made. Detection
of angiographically significant coronary disease can be
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made by using FFR or intravascular ultrasound (IVUS) in
order to identify patients in whom interventions can be
deferred. If FFR or IVUS are unavailable, optical coher-
ence tomography (OCT) or noninvasively using cardiac
PET may be considered. The use of PCI with either bare
metal stents or drug eluting stents requires combined anti-
platelet therapy (aspirin and P2Y 12 inhibitors) to prevent
early stent thrombosis. Significant collaborative efforts
between cardiologists and hematologists/oncologists is of
prime importance in order to optimize the care of oncol-
ogy patients and increase overall survival.
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Abstract

Complications of peripheral arterial disease in cancer patients are associated with increased
morbidity and mortality. Medical management with modification of vascular risk factors
remains the first line of treatment for cancer patients with arterial occlusive disease.
Endovascular or surgical revascularization is indicated for patients who have critical limb
ischemia or disabling claudication symptoms. In this article, we review the management of
peripheral arterial disease in cancer patients, and present a series of common and rare case
examples of arterial complications that can occur during or after oncologic therapy.
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Introduction

Cardiovascular complications are a common cause of mor-
bidity and mortality in patients undergoing oncologic treat-
ment. The presence of a malignancy is known to be associated
with a state of hypercoagulability and increased risk of
venothromboembolism (VTE) in patients diagnosed with
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cancer [1-3]. Certain chemotherapeutic drugs have known
potential deleterious cardiovascular side effects [4, 5]. The
field of cardio-oncology has emerged as an important sub-
specialty in our fight against cancer [5, 6]. However, the
management of arterial complications in cancer patients, not
directly related to the heart, remains ill defined and
controversial.

The prevalence of peripheral arterial disease (PAD) in
older patients diagnosed with cancer is estimated to be
roughly 15-40% [6]. The incidence of acute arterial throm-
bosis in cancer patients is infrequent but has been linked to
advanced cancer stage and poor prognosis [7, 8]. Some
experts have suggested that palliative expectant treatment
may be the most appropriate management for cancer patients
who develop arterial complications due to their associated
dismal survival rate [8—10]. In contrast, other groups have
shown good outcome in treating arterial complications in
cancer patients [11, 12]. In this article, we review the man-
agement of PAD in patients diagnosed with cancer and pres-
ent a series of common and rare case examples of arterial
complications that can occur during or after oncologic
therapy.
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PAD Epidemiology and Clinical Significance

Approximately 8.5 million people over the age of 40 in the
United States have atherosclerotic PAD, including 12-20%
individuals over the age of 60 [13, 14]. Most patients with
chronic PAD are asymptomatic, with a minority presenting
with symptoms of classic intermittent claudication, and less
than 5% have critical limb ischemia [15, 16]. The lifetime
risk of limb-loss for the majority of patients with PAD is less
than 5%, reflecting the relative “stable” or “slow-progression”
nature of the disease. The clinical importance of PAD is
more related to it being a marker of atherosclerotic disease at
other sites rather than it causing limb loss. Individuals suffer-
ing from PAD are at a much higher risk of morbidity and
mortality from complications related to cardiac and cerebro-
vascular complications than individuals without PAD [17].
In general, studies have shown that antiplatelet and statin
therapy can reduce the rate of myocardial and ischemic
stroke events in PAD patients [18, 19]. However, there are
still no good clinical predictors to indicate PAD progression
in the affected limbs.

For the subgroup of patients with chronic critical limb
ischemia, the more severe form of the disease, the 1-year risk
of limb-loss can exceed 25%. Typically, chronic critical isch-
emia occurs as a result of multi-level arterial occlusive dis-
ease (affecting more than one artery segment), or is due to
extensive tibial artery disease. Intervention on the occluded
aorto-iliac or femoro-popliteal segments, either by endovas-
cular or surgical techniques, or a combination of both
approaches (hybrid), can achieve high limb-salvage rates.
Revascularization for patients with tibial arterial occlusive
disease remains a challenging task.

Up to 10% of patients with critical limb ischemia can have
concomitant malignancy [20]. It is well recognized that
patients with critical leg ischemia who also harbor a malig-
nancy have shorter survival than patients with critical leg
ischemia who do not have a malignancy. It is unclear whether
death in patients with concomitant malignancy and critical
leg ischemia is due to the underlying malignancy or related to
their cardiovascular co-morbidities. Moreover, the limb-
salvage outcome for these patients are not well reported in the
literature, and there remains a need for determining the opti-
mal management cancer patients with critical leg ischemia.

Diagnostic Evaluation

The diagnosis of arterial insufficiency in cancer patients can
often be delayed, due to the presence of confounding factors
such as cancer-related pain or symptoms of peripheral neu-
ropathy caused by chemotherapy drugs. However, a pre-
sumptive diagnosis of arterial insufficiency can usually be
made after a thorough history and physical examination. The

symptoms of intermittent leg claudication in the hip, thigh or
calf muscles, precipitated by walking and relieved by rest,
are typically reproducible. The symptom of ischemic rest
pain in the foot with recumbency, which wakes the patient
from sleep and is relieved by dangling of the affected foot, is
a reliable indicator of severe arterial insufficiency. On exam,
the loss of palpable pulses in the affected extremity is a diag-
nostic sign of PAD. Typically palpable pulses will be lost
below the level of complete arterial occlusion. Other chronic
signs of moderate to severe leg ischemia include loss of hair
and atrophic muscles in the affected limb. Other chronic
signs of severe ischemia include dependent rubor, and tissue
loss such as non-healing wound or tissue necrosis. Patients
who suffer acute limb-threatening ischemia (ALI) typically
complain of new sudden onset of leg pain, coldness, pallor,
numbness and weakness.

Measurement of the ankle-brachial index (ABI) can usu-
ally confirm and estimate the severity of ischemia, or rule out
ischemia if normal (0.9-1.1). Duplex utrasonography is the
fist vascular imaging modality of choice for patients with
suspected PAD, as it provides real-time dynamic visualiza-
tion of the aorto-iliac, femoro-popliteal and tibial arteries.
High-resolution CT angiogram can be used for further evalu-
ation when vascular duplex ultrasound is non-diagnostic. In
patients with iodine contrast allergy or severe renal insuffi-
ciency, we use MR angiogram as an alternative diagnostic
imaging modality. Conventional selective contrast arteriog-
raphy is currently performed primarily as part of a therapeu-
tic endovascular intervention and is rarely required in the
diagnostic work-up.

The Trans-Atlantic Society Consensus, also known as
the Inter-Societal Consensus, TASC II classification of
PAD has been widely adopted, both in clinical practice and
research communities, nationally and internationally [21].
The TASC II classification allows for stratification according
to the location and severity of disease. TASC II classifica-
tion divides PAD anatomical involvement into aorto-iliac,
femoro-popliteal, and infra-popliteal segments. In TASC II
classification, PAD disease extent ranges from A, B, C to
D, in increasing severity, and includes single short partial
segmental occlusion to multiple long complete occlusions.
In addition, the TASC guidelines for the management of
PAD have emerged as a valuable resource for vascular spe-
cialists from across different disciplines. Currently, medical
therapy is still the first line of treatment for patients with
PAD. Endovascular interventions are typically considered
for symptomatic PAD patients with TASC II A or B lesions.
Surgical interventions remain the accepted method of revas-
cularization for TASC II C or D lesions, even though endo-
vascular techniques are increasingly being used for more
extensive disease. When endovascular intervention is deemed
unsuitable or fails, surgical revascularization remains a good
secondary option for limb-salvage.
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Medical Management

The recommended medical therapy for PAD in cancer
patients follows the same guiding principles as for PAD
patients without concomitant cancer diagnosis. Lifestyle
modifications are effective and well-validated interventions
for symptomatic PAD, with tobacco cessation and supervised
exercise demonstrated to improve functional performance,
and quality of life scores, while reducing symptoms [22,
23]. In addition, best medical therapy is recommended for
all patients with PAD including antiplatelet, statin, and con-
trol of blood pressure and diabetes. Optimal medical therapy
has been shown to reduce the incidence and fatality of car-
diovascular events such as stroke or myocardial infarction
in patients with PAD, and should be continued throughout
oncologic treatment unless otherwise deemed contra-indi-
cated [24, 25]. For cancer patients undergoing chemotherapy
that can cause severe thrombocytopenia, antiplatelet agents
can be withheld temporarily to minimize bleeding risk, but
should be resumed when the platelet count returns to a level
greater than 50,000/pL. Similarly, PAD patients needing
oncologic surgical resection can temporarily stop antiplatelet
medication but should resume it as soon as the risk of post-
operative bleeding subsides. Cilostazol and pentoxifylline
are the only two agents specifically approved for the treat-
ment of intermittent claudication in the USA. Both drugs
inhibit platelet aggregation, and have rheologic, and vasodi-
latory effects. Cilostazol and pentoxifylline can be stopped
during oncologic treatment without significant increased car-
diovascular risk.

In general, we encourage patients with mild to moderate
symptoms of intermittent claudication to continue to exer-
cise. In addition, we provide patients with reassurance that
the risk of limb loss is minimal and that the claudication pain
is harmless. Revascularization can be considered in cancer
patients with severe disabling claudication symptoms to
relieve symptoms but is best delayed until after completion
of oncologic treatment. In contrast, cancer patients who
show evidence of critical ischemia, such as ischemic rest
pain or tissue loss in the affected extremity, have a high risk
of limb loss and should be evaluated urgently for
revascularization.

Surgical Versus Endovascular
Revascularization

Vascular reconstructive surgery remains the gold-standard
treatment for patients with symptomatic PAD and critical leg
ischemia. The two most common synthetic graft materials
used in vascular bypass reconstruction are polyester (Dacron)
and polytetrafluoroehtylene (PTFE); the former is tradition-
ally used as the conduit choice for aorto-femoral bypass and

the latter for femoro-popliteal bypass. However, autogenous
saphenous vein is still the preferred graft for infra-inguinal
reconstruction, as it has higher patency rates when compared
to synthetic grafts in this location [26]. In general, long-term
patency of aorto-femoral bypass procedure is approximately
80-85% over 5 years [27]. The long-term patency of infra-
inguinal bypass reconstructions is roughly 50-80% [26, 28].
Although endovascular interventions have not been shown to
produce superior results over open surgical revasculariza-
tions, a practice shift toward an “endovascular approach
first” has undeniably taken place over the last two decades
[29, 30]. It is generally recognized that repeated interven-
tions are more common after endovascular treatment than
after surgical revascularization. However, the minimally
invasive nature of the endovascular approach, which is asso-
ciated with less morbidity when compared to surgical bypass,
has made the former a more attractive and popular option to
patients and providers.

Advances in endovascular techniques and devices have
continued to improve the success of endovascular interven-
tions. Endovascular interventions for aorto-iliac occlusive
disease are known to produce high success rates and dura-
ble results. Comparatively, the reported outcomes of endo-
vascular interventions for infra-inguinal occlusive disease
remain variable. Several different types of endovascular
tools including balloons, stents, and other devices are now
commercially available. The novel drug-coated balloon and
drug-eluting stent platforms have shown promising short
and intermediate term results in PAD treatment [31-33].
The anti-proliferative effect of paclitaxel and everolimus,
(the two drugs currently used in this technology) has been
shown to be associated with reduced rates of binary reste-
nosis and target revascularization [31, 34, 35]. Vascular
stents are either self-expandable or balloon-expandable.
We prefer to use balloon-expandable stents to treat ostial
common iliac artery lesions, for their higher radial force,
better visibility, and more predictable placement, when
compared to self-expandable stents. In contrast, we prefer-
entially use the more flexible self-expandable stents to treat
lesions in the external iliac artery, which can be more tortu-
ous and are subject to external forces. Covered stents (also
known as stent-graft) are increasingly used in the treatment
of PAD. The principal advantages of the covered stents over
bare metal stents include the exclusion of thrombus and
coverage of vessel rupture. The superior long-term out-
come of covered stents over bare metal stents in the treat-
ment of aorto-iliac and femoro-popliteal occlusive disease
remains to be proven [36—39]. The presence of graft mate-
rial (PTFE) on the covered stents is thought to provide a
mechanical barrier to prevent intimal proliferation and
stent fracture, two factors that have been associated with
in-stent restenosis in the femoro-popliteal lesions. The
larger diameter of the covered stents (for vessel diameters
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greater than 6 mm) still require larger size delivery sheath
compared to the smaller sheaths for bare metal stents of
comparable size.

For patients undergoing concomitant oncologic treat-
ment, the advantage of a quicker recovery after endovascular
intervention over surgical bypass is obvious. Patients can
typically resume chemotherapy or radiation therapy within
1-2 weeks after endovascular intervention. In contrast, we
recommend waiting approximately 3—6 weeks following sur-
gical bypass before resuming or starting chemotherapy to
allow adequate time for wound healing. Radiation treatment
can usually take place safely away from the operative wounds
within 2-3 weeks after surgery. Anti-platelet therapy has
become standard adjuvant treatment following endovascular
and surgical revascularization, although the anti-platelet
agent of choice (aspirin versus clopidogrel) and duration of
therapy remains variable. In general, we recommend lifelong
aspirin after surgical bypass. On the other hand, we recom-
mend clopidogrel after endovascular stenting for 3—6 months
and lifelong aspirin subsequently.

Acute Limb-Threatening Ischemia

The three most common causes of acute limb threatening
ischemia are: (1) acute thromboembolism from cardio-
genic or other sources, (2) acute arterial graft or stent
thrombosis (in patients who had prior vascular interven-
tion), and (3) acute native arterial thrombosis with or with-
out prior chronic atherosclerotic occlusive disease. The
initial management of patients who develop ALI remains
controversial. The treatment of patients who have concom-
itant malignancy and acute limb-threatening ischemia is
even more debatable. Guarded survival outcomes and
higher morbidity rates have been reported for patients who
have surgical revascularization for ALI with concomitant
malignancy compared to patients without a malignancy
diagnosis [8—10]. However, Tsang et al. reported more
favorable results in patients with concomitant malignancy
who underwent surgical revascularization for ALI [11].
Similarly, we have shown more promising results in
patients who develop ALI with concomitant malignancy,
using selective treatment strategies including endovascular
approach, surgical revascularization, or medical therapy
alone or in combination [12].

Our current approach is to tailor treatment to cancer
patients who develop ALI based on the severity of isch-
emia, the patient’s performance status, and associated co-
morbidities. Surgical revascularization generally achieves
reperfusion within 3-6 h. It is our preferred method of
revascularization for patients who have severe immedi-
ately threatened limb ischemia, requiring prompt limb
reperfusion. Surgical procedures to restore arterial flow

range from simple thrombo-embolectomy for acute throm-
boembolism, to more extensive endarterectomy and bypass
reconstruction for acute on chronic arterial thrombosis.
Endovascular approach, including pharmaco-mechanical
thrombectomy and catheter directed thrombolysis, usually
takes up to 8—24 h to achieve revascularization. We recom-
mend endovascular intervention for patients with ALI in
whom the longer time to revascularization is deemed
acceptable. Immediately following successful endovascu-
lar recanalization, adjuvant balloon and/or stent angio-
plasty is commonly required to maintain vessel patency.
The advantages of endovascular approach over surgical
treatment are well recognized, including less morbidity
and quicker recovery. In our experience, inconsequential
ecchymosis and minor bleeding at access sites are com-
mon occurrences with catheter directed thrombolytic ther-
apy, but fortunately the incidence of major bleeding and
intra-cranial hemorrhage has been low. In addition to the
typical absolute contra-indications to catheter directed
thrombolysis including active bleeding, recent major sur-
gery or stroke, we consider thrombocytopenia (platelet
count <100,000/pL), intra-cranial metastatic disease from
renal cell cancer, thyroid cancer, or melanoma primary
tumors as relative contra-indications to catheter directed
thrombolysis.

Following treatment for ALI, long-term therapeutic anti-
coagulation is recommended to prevent recurrent thrombo-
embolic complications in patients who have chronic atrial
fibrillation or valvular heart disease. Long-term anticoagu-
lation is similarly indicated for patients with established
hypercoagulability. We have traditionally used subcutane-
ous low molecular weight heparin injection as the chronic
anticoagulation therapy of choice for cancer patients.
However, oral direct thrombin inhibitors have recently
become available and are emerging as a comparable and
more attractive option for patients. The long-term use of
anticoagulation after vascular intervention for ALI in
patients with a malignancy but without cardiogenic embolic
source is not well described. We have empirically recom-
mended a 3-6 month period of anticoagulation for these
patients.

Radiation Induced Vasculopathy

Late onset radiation induced vasculopathy can develop
several years after high-dose external beam radiation ther-
apy for various kinds of cancer. It is postulated that radia-
tion can cause acute injury to the vasa vasorum and
endothelium, that leads to subsequent accelerated athero-
sclerosis and formation of occlusive plaque in irradiated
vessels [40]. Radiation vasculopathy appears to affect the
major arteries more frequently than the vein counterparts.
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Radiation induced carotid disease is discussed elsewhere
in this book. The external iliac artery appears to be the
most commonly affected pelvic vessel in women who had
radiation treatment for cervical and vulvar cancer [41,
42]. Radiation induced vasculopathy can also involve
other any major artery that is within the index radiation
field, such as the axillary or femoral artery in the treat-
ment of breast cancer, limb sarcoma, myeloma, lym-
phoma, and etc. We recommend expectant medical therapy
with exercise, aspirin and statin therapy for patients who
have non-critical ischemia related to radiation induced
vasculopathy.

Vascular intervention is reserved for limb-salvage in
patients who have symptoms and signs of critical limb-
threatening ischemia. These patients can present with
acute, subacute, or chronic insidious ischemic symptoms.
Endovascular interventions including catheter directed
thrombolysis and arterial stenting have produced satisfac-
tory results, but are associated with high rate of re-inter-
ventions. Surgical bypass has resulted in seemingly better
long-term graft patency and lower re-intervention rates, and
can be offered to patients in whom endovascular interven-
tions have failed or are not feasible. In general, surgical
bypass options involving extra-anatomical bypass proce-
dures such as cross-over bypass from the contralateral com-
mon femoral artery to ipsilateral common femoral artery,
or axillary-femoral artery bypass are preferred to avoid
the risks associated with operating in a previously irradi-
ated abdomen or pelvis. However, aorto-bifemoral bypass
remains an option for patients with limb-threatening isch-
emia due to severe bilateral aorto-iliac occlusive disease
not amenable to endovascular intervention. Much work
lies ahead of us to determine the pathogenesis of radiation-
induced vasculopathy in order to improve our management
and ultimately prevent its development.

Chemotherapy and Vascular Thrombosis

Several chemotherapy drugs have been reported to increase
risk of VTE, arterial thrombosis or both in cancer patients,
although the mechanism of causing thrombosis for various
agents is yet fully elucidated [4, 43]. Currently, Cisplatin, an
alkylating agent, and Bevacizumab, a monoclonal antibody tar-
geting the vascular endothelial growth factor (VEGF) are two
widely used drugs in the treatment of solid malignant neo-
plasms that have been associated with increased risk of myo-
cardial infarction, stroke and peripheral arterial thrombosis [44,
45]. The newer tyrosine kinase inhibitors (TKI), Imatinib,
Nilotinib and Ponatinib, recently established as highly effective
front-line therapies for chronic myeloid leukemia (CML), have
also been linked to increased risk of peripheral arterial throm-
bosis [46]. However, in a recent case-controlled study using the

Surveillance, Epidemiology, End-Results (SEER) cancer regis-
try and Medicare claims data, investigators showed that elderly
patients with CML have greater rates of myocardial infarction,
stroke, pulmonary embolism and peripheral artery disease than
age-matched non-cancer patients from the same region [47].
These event rates were not higher in the TKI-treated patients
suggesting that risk for the vascular events in the patients with
CML was more related to underlying cardiovascular risk fac-
tors of patients with CML and not with TKI treatment.

Treatment of Arterial Complications at
the University of Texas-M.D. Anderson
Cancer Center

The following are the synopsis of ten patients with critical
limb ischemia recently treated at The University of Texas--
M.D. Anderson Cancer Center. We review their clinical pre-
sentation, management, and outcome. Vascular imaging and
photographs of the cases are shown. In addition, we provide
brief pertinent expert comments on each case. We selected
these ten cases as examples of common and rare arterial
complications seen in patients who either have concomitant
active malignancy or are cancer survivors.

Case #1. Metastatic Esophageal Cancer
and Chronic Critical Leg Ischemia

A fifty-six year-old Caucasian male was referred to our
institution for treatment of stage IV distal esophageal ade-
nocarcinoma with distant metastasis to the left arm triceps
muscle. The patient was a former smoker and had chronic
renal insufficiency. The patient had right external iliac artery
stenting and multiple failed left leg bypass graft procedures
(Fig. 9.1a—d). Initially, the patient only reported left leg
claudication and intermittent symptoms of ischemic rest
pain in the left foot. Vascular assessment showed ABI in the
severe ischemic range and multilevel arterial occlusive dis-
ease. However, the viability of the left ischemic leg was not
immediately threatened. We first recommended medical
therapy with aspirin, cilastazol, and statin. Chemotherapy
with 5-FU and Herceptin was started. Subsequently, the
patient showed remarkable oncologic response to systemic
chemotherapy, becoming symptom-free from his cancer
after approximately 18 months of treatment. The patient
remained on maintenance chemotherapy and resumed full-
time work.

At 20 months after cancer diagnosis, the patient became
more incapacitated by progressive claudication symptoms
and experienced worsening ischemic rest pain in the left foot.
Vascular work-up showed chronic occlusion of left external
iliac, common femoral, and superficial femoral arteries with
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reconstitution of the distal below-knee popliteal artery via
collateral from patent profunda artery (Fig. 9.1e). On the
right, there was severe stenosis of the right external iliac
artery. The decision was made to proceed with revasculariza-
tion of the left leg for limb-salvage. We opted for a hybrid pro-
cedure with stenting of the right common (using 8 x 27 mm
balloon-expandable stent) and external (7 x 10 mm covered
self-expandable stent-graft) iliac arteries (Fig. 9.1f), and con-
comitant redo cross-over right common femoral artery to left
profunda artery bypass using an 8 mm heparin-bonded PTFE
graft. The patient recovered well after hybrid surgical revas-
cularization with resolution of both ischemic rest symptoms
and claudication. Postoperative duplex image of fem-fem
PTFE graft and left profunda shows satisfactory appearance
and flow (Fig. 9.1g, h). Maintenance chemotherapy was

Fig. 9.1 Metastatic esophageal cancer and chronic critical leg isch-
emia. (a) Gray-scale ultrasound image shows an occluded supra-pubic
cross-over femoro-femoral synthetic bypass graft; asterisk, lumen of
graft (filled with hypoechoic thrombus), and arrow points to wall of
graft. (b) Colorflow ultrasound image shows an occluded left femoral-
popliteal synthetic graft; asterisk, lumen of graft (filled with hypoechoic
thrombus). Blue colorflow is seen in the native femoral vein adjacent to

resumed after a 6-week interruption. The patient is currently
at 5 months after revascularization without symptoms of leg
claudication or rest pain. Unfortunately, a recurrent malig-
nant stricture in the distal esophagus has been diagnosed and
further oncologic treatment is being considered at the time of
writing this manuscript.

Comments: Even though this patient had severe chronic
leg ischemia when he was first diagnosed with metastatic
esophageal cancer, we prioritized his cancer treatment to
prolong his survival over the limb ischemia. Revascularization
was delayed until after the patient showed clinical response
to chemotherapy. An alternative revascularization option for
this patient would have been an aorto-bifemoral bypass
reconstruction, but this would have interrupted the patient’s
maintenance chemotherapy for a longer post-operative

the graft. (¢) Axial CT image shows the occluded native left distal exter-
nal iliac artery (black arrow) and a calcified and narrowed distal right
external iliac artery (white arrow). (d) Axial CT image shows the
occluded synthetic grafts (asterisk) with bright rims in the left groin;
long arrows point to the respective patent native profunda arteries. The
short arrow denotes the patent right superficial femoral artery.
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Fig.9.1 (continued) (e) Reformatted MRA image reveals patency of
the distal abdominal aorta and bilateral common iliac arteries (CIA).
The right external iliac artery (EIA) is severely diseased and the left
external iliac and common femoral arteries are occluded. The right
common femoral (CFA), profunda and superficial femoral (SFA) are
patent. On the left, numerous branches of the internal iliac (ITA) and
profunda (PFA) arteries are seen. (f) Right iliac stenting was performed
as part of a hybrid revascularization procedure to provide inflow to a

99

Left SIDE FEM FEM

new cross-over right to left femoro-femoral bypass graft. Stents are
shown in the right common iliac (CIA) and external iliac (EIA) arteries;
IAA, internal iliac artery. (g) Gray-scale ultrasound image shows the
new cross-over femoro-femoral synthetic graft showing the right
femoral-graft anastomosis (asterisk). (h) Colorflow ultrasound image
shows the new femoro-femoral synthetic graft at the left graft to pro-
funda femoral artery (PFA) anastomosis (asterisk)
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recovery. It is also noteworthy to mention that the patient’s
ischemic leg symptoms resolve following the inflow proce-
dure and distal bypass of the left femoral and popliteal artery
occlusion was not required.

Case # 2. Acute Femoral Artery
Thromboembolism in a Patient with Metastatic
Renal Cell Cancer

A fifty-eight year-old Caucasian woman presented to the emer-
gency room with 24-h history of acute right leg ischemic symp-
toms including pain, numbness and weakness. The patient had
started Axitinib (a tyrosine kinase inhibitor—TKI) treatment
for progressive metastatic renal cell cancer to the lungs. The
patient had radical right nephrectomy 7 years prior and par-

Fig.9.2 Acute femoral artery thromboembolism in a patient with met-
astatic renal cell cancer. (a) Ultrasound image shows blunted low flow
velocity in the common femoral artery. (b) Gray-scale ultrasound image
shows the occluded superficial femoral artery (SFA) with lumen filled
by hypoechoic thrombus (asterisk). (¢) Intra-operative photograph

TT.T.Huynh et al.

tial left nephrectomy for bilateral renal cell cancer 4 years
later. Duplex ultrasound showed acute occlusion of the right
common femoral and superficial femoral arteries with distal
reconstitution (Fig. 9.2a, b). We performed surgical thrombo-
embolectomy removing occluding clots from the femoral artery
bifurcation (Fig. 9.2¢, d). Her native iliac, femoral, popliteal
and tibial arteries were otherwise normal without significant
plaque disease. After successful revascularization, the patient
was initiated on long-term anticoagulation, transitioning from
unfractionated intravenous heparin to warfarin. Cardiac work-
up showed normal sinus rhythm and normal left ventricular
ejection fraction without evidence of a thrombus or valvular
heart disease. The patient resumed Axitinib few weeks after
thromboembolectomy and was kept on warfarin. However,
she developed intermittent hemoptysis the following year and
systemic anticoagulation was discontinued. Two years after the

SFA Mid

shows fresh clots (asterisk) inside the lumen of opened common femo-
ral artery (CFA). Artery is temporarily clamped proximally and distally
during thromboembolectomy. (d) Intra-operative photograph of the
CFA after removal of the clots demonstrates the normal appearance of
the luminal surface (L) and vascular wall
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acute thromboembolic event, the patient’s metastatic disease
has progressed to the brain. The patient also developed new
onset of atrial fibrillation and cardiomyopathy. She has been
started on Cabozantinib (a newer TKI approved for advanced
renal cell cancer) and is currently resuming anticoagulation.

Comments: At the time the acute arterial thromboem-
bolic event, it was not clear whether the acute arterial throm-
bosis was related to hypercoagulability, TKI drug, or an
embolism from a cardiogenic source. At that time, the patient
had normal echocardiogram and was in sinus rhythm. The
patient has had no recurrent arterial thromboembolic event
while remaining on TKI, even when anticoagulation was
stopped. In this case, the exact cause or source of the throm-
boembolic event remained undetermined even though the
patient subsequently developed atrial fibrillation.

Case # 3. High-Grade Invasive Bladder Cancer
and Subacute Left Leg Ischemia After
Neoadjuvant Chemotherapy

A sixty-five year-old woman former heavy smoker was
referred to our institution for treatment of high-grade invasive
urothelial cancer. Prior trans-urethral partial resection of the
tumor resulted in bladder perforation and neodajuvant chemo-
therapy was recommended prior to definitive cystectomy
(combination of Methotrexate, Vinblastine, Adriamycin, and
Cisplatin). The patient completed five cycles of chemotherapy
but developed insidious onset of left leg disabling hip and calf
claudication, ischemic rest pain, and left foot numbness toward
the end of chemotherapy. The patient denied antecedent clau-
dication symptoms. Prior CT imaging showed non-occlusive
arteriosclerotic plaque disease in the aorta and bilateral iliac
arteries. Repeat CT imaging demonstrated interval occlusion
of the left common and external iliac arteries (Fig. 9.3a). An
incidental right lower lobe pulmonary embolus was also found
on CT. Cardiac evaluation was negative.

We performed catheter-directed thrombolysis and success-
fully recanalized the left common and external iliac arteries
(Fig. 9.3b). A focal residual stenosis in the left external iliac
artery was stented (Fig. 9.3c). The patient was kept on thera-
peutic low molecular weight heparin and aspirin after revascu-
larization. She underwent radical bladder cystectomy with
neo-bladder urinary diversion and bilateral pelvic node dissec-
tion 2 weeks after the endovascular intervention. The patient
made remarkable progress after oncologic surgery. She com-
pleted 4 months of anticoagulation and remained on aspirin.
She returned to full-time work within couple of months. One
year following her oncologic surgery, the patient developed
locally advanced tumor recurrence. She also reported recur-
rent left leg claudication symptoms. Re-occlusion of the left
iliac arteries and stent was confirmed on imaging. As she did
not have symptoms or signs of immediate limb-threatening

ischemia, the patient declined repeat vascular intervention.
Unfortunately, it was deemed that further oncologic treatment
would not benefit the patient and she passed away approxi-
mately 2 years after the initial cancer diagnosis.

Comments: We postulate that this patient was likely
hypercoagulable. The combination of high-grade malig-
nancy and aggressive chemotherapy both contributed to the
acute arterial thrombosis. Interestingly, the patient did have a
normal duplex ultrasound of the stented left iliac artery at
6-9 months after stent placement, suggesting that the vascu-
lar re-occlusion may have been due to cancer-related hyper-
coagulability state. It is conceivable that re-occlusion of the
left iliac arteries and stent could have been prevented if anti-
coagulation had been maintained.

Case # 4.Renal Cell Cancer and Severe Aorto-
lliac Occlusive Disease

A sixty-seven year-old male presented with chronic progres-
sive disabling hip and calf claudication bilaterally, new onset
of severe ischemic rest pain in both feet, and non-healing right
toe ulcer. Vascular work up demonstrated chronic occlusion of
the infra-renal aorta and bilateral common iliac arteries on CT
angiogram (Fig. 9.4a), and an incidental finding of a large exo-
phytic right renal mass. Because of the incapacitating isch-
emic pain in his legs, the patient was unable to begin onco-
logic therapy. Therefore, we elected to proceed first with sur-
gical revascularization to relieve the ischemic pain in his legs.
Following successful axillary-bifemoral bypass grafting, the
patient’s pain resolved and his performance status improved
rapidly (Fig. 9.4b, c). Although the patient had metastatic dis-
ease, the cancer was deemed oncologically “stable”, and a
debulking radical right nephrectomy was recommended. The
patient underwent oncologic resection approximately
3 months after the extra-anatomical surgical bypass without
complications. The patient was then kept on surveillance until
progression of metastatic disease was noted in imaging
approximately 2 years after the initial cancer diagnosis, at
which time he was started on Pazopanib. His axillo-bifemoral
bypass remains patent at 26 months (Fig. 9.4d, e).

Comments: This patient’s chronic aorto-iliac occlusion was
not amenable to endovascular intervention. One alternative
option would have been concomitant surgical aorto-bifemoral
bypass and radical right nephrectomy. However, major con-
comitant surgery was initially deemed not beneficial, in light
of the metastatic disease, uncertain cancer behavior, and
poor performance status at presentation. Although primary
chemotherapy without oncologic resection was the initial
recommended oncologic therapy, because of the observed
“stability” of the cancer and patient’s improved performance
status after surgical revascularization, the oncologic strategy
changed to surgical tumor resection.
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Fig.9.3 High-grade invasive
bladder cancer and subacute
left leg ischemia after
neoadjuvant chemotherapy.
(a) Axial CT image shows no
contrast filling of the
occluded left common iliac
artery (short arrow) and
patent right common iliac
artery (long arrow); calcified
plaque is seen in the posterior
wall of both iliac arteries. (b)
Digital substraction
angiographic (DSA) image
shows total occlusion of the
left common and external
iliac arteries (no contrast
filling). The distal aorta is
irregular with non-occlusive
plaque disease. The right (Rt)
common (CIA) and external
iliac (EIA) arteries are patent
without significant luminal
stenosis. (¢) DSA image of
the stented left common/
external iliac artery (arrows
point to the proximal and
distal edges of stent); no
contrast filling of occluded
left internal iliac artery

Case # 5.Blue Toe Syndrome and Lung Cancer

A sixty-eight year-old man developed right leg DVT and was
started on rivaroxaban. Further work-up found non-small
cell lung cancer (NSCLC). The patient underwent right
upper lobectomy. Pathological and clinical staging was IITA
with repeat PET/CT showing residual disease in the medias-
tinum after surgical resection. The patient was scheduled to
receive concurrent chemoradiation therapy 6 weeks post-
operatively. He developed painful blue toe syndrome involv-
ing mostly the first and fifth left toes just prior to starting

chemoradiation (Fig. 9.5a, b). Vascular work up revealed
normal pedal pulses. CT angiogram showed minimal plaque
disease in the aorto-iliac and infrainguinal arteries. Aspirin
therapy was added to anticoagulation. The ischemic pain and
discoloration in the affected toes resolved with expectant
management. Patient tolerated three cycles of Carboplatin
and Paclitaxel without further vascular complications (at the
time of this writing).

Comments: Blue toe syndrome is typically due to an ath-
eroemboli, or a microemboli occluding a small distal digital
vessel. The embolic source is usually an atherosclerotic
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Fig.9.4 Renal cell cancer and severe aorto-iliac occlusive disease. (a)  reduced preoperative ankle-brachial indexes (ABI): 0.28 on right and
Coronal CT image of abdomen shows heavily calcified occluded aorto-  0.34 on left. (¢) Post-operative ABIs are increased: 0.63 on right and
biiliac arteries (a) and large exophytic mass (asterisk) in superior pole  0.71 on left.

of the right kidney. (b) Physiologic arterial testing shows severely
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Fig.9.4 (continued) (d) Coronal CT image shows patent axillary (thin arrow) and femoral (short arrow) segments of the extra-anatomical
bypass reconstruction. (e) Patent axillary segment of axillo-bifemoral bypass graft (arrow) is shown on sagittal CT image

Fig.9.5 Blue toe syndrome and lung cancer. Photographs of the patient’s left foot show blue discoloration of the ischemic first and fifth toes on
plantar (a) and dorsal (b) views

plaque in a proximal large vessel such as the aorta or iliac We have observed blue toe syndrome in patients with various
arteries. The classic description refers to ischemia of one or types of solid tumors. We generally recommend antiplatelet
more toes in the absence of large vessel occlusive disease. and statin therapy for blue toe syndrome.
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Case # 6. Multiple Myeloma and Acute
on Chronic Critical Leg Ischemia

This is the case of a Caucasian male diagnosed with multiple
myeloma in 1995. The patient had external beam radiation
to right hip and sacrum. He received three cycles of meph-
alan and prednisolone therapy in 1995 and remained on
maintenance cyclophosphamide treatment ever since. The
patient reported a 15 pack-years history of tobacco smok-
ing but quit in 1990. In addition, he has well-controlled
longstanding non-insulin dependent diabetes and essential
hypertension. The patient developed an acute right parietal
ischemic stroke in 2011, at the age of 66, and had right
carotid endarterectomy for severe proximal internal carotid
artery stenosis. The patient was kept on aspirin, statin,
anti-hypertensive, metformin, and cyclophosphamide

PSV 385cm's
EDV 13.0 cm/s
RI 0.66

|
|

Fig. 9.6 Multiple myeloma and chronic critical leg ischemia. (a)
Photograph of right foot shows signs of chronic ischemia: non-healing
wound at base of the fifth toe, thin skin, muscle atrophy, and toe discol-
oration. (b) Gray-scale image of right common femoral artery (CFA).
The arrows point to the vessel walls and asterisk marks the location of
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maintenance therapy. In 2013, the patient develops insidi-
ous onset of right leg ischemic rest pain, numbness, foot
drop and a non-healing wound at the base of the fifth toe
(Fig. 9.6a), although he had had chronic bilateral leg claudi-
cation. Vascular work-up showed severe occlusive disease
of the right common femoral artery bifurcation including
proximal superficial femoral (SFA) and profunda arter-
ies, and severe distal right SFA stenosis (Fig. 9.6b—f). We
performed hybrid revascularization with extensive right
common femoral artery bifurcation endarterectomy and
reconstruction with patch angioplasty of the proximal
profunda and SFA (Fig. 9.6g—j); concomitant stenting of
the right mid to distal SFA was done using covered self-
expandable stent-graft (Fig. 9.6k—-m). The patient recovered
well with good revascularization and eventual healing of
ischemic toe wound (Fig. 9.6n, o).

L

R Prox SFA
PSV 445 cm/s
EDV 131 cm/s
RI 0.71

-

a dense plaque. (¢) Markedly reduced Doppler flow velocity is shown in
the CFA beyond the occluding plaque. (d) Increased flow velocities in
the proximal superficial femoral artery (SFA) indicate severe vessel
stenosis.
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Fig.9.6 (continued) (e) DSA image shows widely patent external
iliac artery (EIA), narrowed CFA, nearly occluded proximal SFA, and
patent profunda femoral artery (PFA). (f) DSA image shows large pro-
funda branches (surrounding asterisk) reconstituting flow in the distal
SFA. (g) Intra-operative photograph depicts an arteriotomy in the CFA
extended through the proximal SFA and shows extensive calcified
eccentric occluding plaque disease. (h) Intra-operative photograph
shows luminal surface of CFA after removal of the plaque and endarter-
ectomy; arrow points to the distal transition point with residual intimal
thickening in the SFA; in this image the PFA is still intact. (i) Intra-
operative photograph shows reconstructed patch reconstruction of the
SFA and PFA after endarterectomy. Arrow points to a vascular sheath

+, CFA

patch ®
angioplasty |

placed in an antegrade fashion for hybrid endovascular stenting of the
remaining SFA stenoses. (j) Multiple fragments of the endarterecto-
mized plaque specimen are shown. (k) DSA image demonstrates resid-
ual severe stenoses in the SFA distal to the patch angioplasty (arrows)
after patch angioplasty reconstruction of the femoral artery bifurcation.
(1) Completion DSA image shows satisfactory appearance of proximal
to mid SFA stenting. (m) Completion DSA image shows satisfactory
appearance of distal SFA stenting (arrow points to stent). (n) Photograph
demonstrates healing of toe wound (arrow) after revascularization. (o)
Hybrid revascularization including concomitant femoral endarterec-
tomy and reconstruction and SFA stenting was completed through a
single right groin incision
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The patient subsequently developed similar symptoms of
ischemic rest pain in the left leg and underwent similar
hybrid revascularization successfully in 2015. The following
year, the patient sustained acute myocardial infarction fol-
lowing right hip redo replacement and had drug-eluting
stents placed in the right coronary artery. Dual antiplatelet
therapy was added. Just over 12 months after right coronary
artery stenting, the patient now reports that he has been rec-
ommended to undergo coronary artery bypass for multi-
vessel coronary artery disease.

Comments: This case underscores the systemic nature of
atherosclerotic disease. In this patient, the first cardiovascu-
lar manifestation was an embolic stroke from severe carotid
artery disease. He then had bilateral extremity revascular-
ization for severe multilevel arterial occlusive disease and
subsequently coronary revascularization. All these events
took place within 5-6 years while the patient remained on
maintenance chemotherapy (cyclophosphamide) for mul-
tiple myeloma. Anecdotally, this case demonstrates that
long-term survival is possible for patients with cardiovascu-
lar risk factors and active cancer. Regarding the treatment of
severe common femoral bifurcation occlusive disease, sur-
gical endarterectomy and reconstruction remains the treat-

Fig.9.7 Ulcerated squamous
cell skin cancer in patient
with PAD. (a) Photograph
shows the large ulcerated skin
growth. (b) DSA image of
mid thigh demonstrates large
collateral network from
profunda branches secondary
to chronic occlusion of the
superficial femoral artery. (c)
DSA image shows
reconstituted popliteal (Pop),
patent anterior tibial (AT),
tibio-peroneal (TP) trunk, and
posterior tibial (PT) arteries.
(d) Completion DSA image
after femoro-popliteal artery
bypass shows satisfactory
appearance of the vein graft
(VG; short arrow). Long
arrow points to the distal
anastomosis. (e) Photograph
shows healed skin graft
wound following wide tumor
resection

ment of choice. In this case, hybrid revascularization allowed
concomitant surgical reconstruction of the common femoral
artery bifurcation and stenting of the tandem proximal and
distal SFA occlusive lesions. Adjunct femoral artery stent-
ing is less invasive with clear advantages over the traditional
femoro-popliteal bypass with less post-operative pain and
swelling.

Case # 7. Ulcerated Squamous Cell Skin Cancer
in Patient with PAD

A sixty-eight year-old woman presented with cutaneous
squamous cell cancer in a chronic painful large ulcerated
wound in her right calf (Fig. 9.7a). Work-up showed prior
infrarenal aortic graft reconstruction for abdominal aortic
aneurysm and chronic occlusion of the right superficial fem-
oral artery with reconstitution of the above-knee popliteal
artery and 2-3 vessel run-off (Fig. 9.7b, c). We staged her
treatment. First, we performed surgical revascularization
with a femoral to popliteal artery bypass using ipsilateral
great saphenous vein graft (Fig. 9.7d). Wide surgical resec-
tion of the cutaneous cancer was subsequently done with
skin engrafting (Fig. 9.7e).
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Comments: Endovascular recanalization of the long
chronic right superficial femoral artery was not possible.
However, staged surgical revascularization and wide onco-
logic resection allowed for limb-salvage, as opposed to the
alternative option of major limb amputation.

Case # 8. Radiation Induced Femoral Artery
Occlusion Following Surgical Resection
and Radiation Treatment for Extremity
Desmoid Tumor

A thirty-seven year-old woman presented with insidi-
ous onset of severe left leg pain for several months. Her
past history included surgical resection of desmoid tumor
in the left posterior thigh and adjuvant high dose external
beam radiation at age of 16. Approximately 15 years later,
the patient was found to have local recurrence in the left

Fig. 9.8 Radiation-induced femoral
artery occlusion following surgical
resection and radiation treatment for
lower extremity desmoid tumor.
(a) Radiograph shows top part of intra-
medullary rod fixation of the left femur
for non-union. (b) Radiograph shows
lower part of intramedullary rod fixation
of the left femur for non-union.

posterior thigh and had a second round of high dose exter-
nal beam and repeated surgical resection. In addition, mul-
tiple subsequent orthopedic interventions were required to
treat non-union pathologic fractures of left femur (Fig. 9.8a,
b). Meanwhile, the patient continued to receive systemic
single agent chemotherapy including Tamoxifen first, then
Imatinib (TKI), and lastly Sorafenib (TKI) for recurrent
regional disease. At the time of the vascular complication,
Sorafenib was on hold due to other side effects. Vascular
work-up showed critical ischemia of the left due to radia-
tion induced long occlusion of the left superficial femoral
artery with reconstitution of the popliteal artery (Fig. 9.8c—
f). We performed left common femoral to below-knee
popliteal artery bypass using ipsilateral saphenous vein
graft for limb-salvage. The left leg bypass graft is still pat-
ent 2 years after reconstruction (Fig. 9.8g, h). The patient
remains active and has resumed Sorafenib for progressive
regional disease.
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Fig.9.8 (continued) (c) Left ABI is markedly reduced (0.28) indicat-
ing severe ischemia. (d) Colorflow image of the left superficial femoral
artery (SFA) shows no flow in artery; flow is seen (blue color) in the
adjacent left femoral vein. (e) Flow velocity by Doppler is markedly
reduced in the reconstituted popliteal artery. (f) Reformatted CT angio-
gram shows chronic occlusion of the left SFA, reconstituted distal SFA
and popliteal arteries, and patent AT and PT; numerous metal clips from
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prior surgeries are seen causing beam artifacts. (g) Post-operative refor-
matted CT angiogram shows satisfactory appearance of the left femoral
popliteal artery bypass vein graft (VG). Short arrow points to the proxi-
mal anastomosis and long arrow to the distal anastomosis. (h) Colorflow
ultrasound image shows satisfactory Doppler flow velocities at the dis-
tal femoral-popliteal anastomosis
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Comments: Endovascular intervention was not consid-
ered in this case because of the long chronic occlusion of the
superficial femoral artery and small distal target vessel.
Surgical revascularization in the irradiated and scarred oper-
ative field was indeed very challenging in this case. Healthy
soft tissue coverage of vascular graft is imperative in irradi-
ated field to help promote wound healing and prevent com-
plications. For this patient, we transposed the left sartorius
muscle to provide coverage of the vein graft in the irradiated
groin wound. We have kept the patient on aspirin and will
continue to monitor her leg bypass graft with periodic duplex
ultrasound.

Case # 9. Radiation-Induced lliac Occlusive
Disease Following Treatment for Cervical
Cancer

A thirty-nine year-old woman had hysterectomy and pelvic
node dissection and high dose radiation for uterine cervix
squamous cell cancer in 2006. The patient developed recur-
rent right pelvic wall disease and had further surgical resec-
tion including right ureter reconstruction in 2008. Additional
targeted Proton radiation therapy was given to the site of the
recurrent disease. In 2013, the patient developed insidious
ischemic rest pain and numbness in the right leg for about 1
month prior to seeking medical attention. Vascular work-up
showed occlusion of the right common and external iliac
arteries with reconstitution of the common femoral artery
(Fig. 9.9a, b). The patient had no other cardiovascular risk
factors. She is a lifelong non-smoker. Pharmaco-mechanical
thrombectomy and catheter directed thrombolysis resulted in
successful revascularization of the right leg (Fig. 9.9c—e). A
focal stenotic plaque in the right external iliac artery was
stented using self-expandable 6 mm stent. The patient was
maintained on clopidogrel. One year later, the patient devel-
oped re-occlusion of the right common and external iliac
arteries and stent, and had recurrent ischemic symptoms.
Repeat endovascular intervention was again successful with
pharmaco-mechanical thrombectomy, catheter directed
thrombolysis, and additional stenting of the right external
iliac (6 mm), and overlapping stenting of the common iliac
artery (7 and 8 mm) using covered self-expandable stent-
grafts (Fig. 9.9f-i). Following revascularization, the patient
was kept on antiplatelet and anticoagulation. Unfortunately,
the patient became symptomatic again about a year later with
re-occlusion of overlapping right iliac stents. The decision

was made to proceed with surgical revascularization. A
cross-over left common femoral to right common femoral
artery was constructed using an 8 mm PTFE graft. The
patient did well after bypass surgery and was kept on aspirin
therapy. Approximately 1 year after surgical revasculariza-
tion, the patient developed acute ischemic symptoms again
with thrombosis of the cross-over femoral bypass graft.
Catheter directed thrombolysis restored patency to the
bypass graft and normal flow to the right leg (Fig. 9.9j, k).
The patient is currently doing well without symptoms at
13 months since the last intervention on aspirin and
rivaroxaban.

Comments: Long-term radiation induced vasculopathy is
an uncommon disease in cancer survivors. Endovascular
treatment is usually preferred over surgical intervention for
radiation-induced vasculopathy. However, in-stent restenosis
remains an obstacle in the treatment of radiation-induced
vasculopathy. Surgical bypass in irradiated field is techni-
cally challenging and is associated with higher morbidity
than endovascular intervention. In our experience, surgical
bypass for radiation-induced vasculopathy appears to require
less repeated interventions when compared to endovascular
treatment. In this patient, we identified acute dehydration as
possible cause of the acute femoral graft thrombosis.

Case # 10. Axillary Artery Occlusion 8 Years
After Radiation Treatment for Breast Cancer

A sixty-three year-old woman complained of finger discol-
oration, pain and numbness in the right hand for several
months. Eight years prior to this presentation, the patient
had modified radical right mastectomy and post-operative
adjuvant high dose external beam radiation to the chest
wall and axilla. Although, she had chronic right arm lymph-
edema, the patient denied prior symptoms of arm claudica-
tion. On exam, the patient had distal necrosis of the tip of
the fifth finger (Fig. 9.10a). Duplex showed severe stenosis
of the right axillary artery and reduced distal flow to the
right hand (Fig. 9.10b, c). Selective angiography showed
multiple stenoses of right axillary artery with two sites of
near occlusion. We deployed two overlapping self-expand-
able 6 and 5 mm stents with great angiographic result
(Fig. 9.10d, e). Revascularization was successful and
relieved the patient’s ischemic symptoms. The distal fifth
finger wound healed without complication (Fig. 9.10f).
Since the initial stent angioplasty, the patient has had four
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Fig.9.9 Radiation-induced iliac occlusive disease following treatment — demonstrates flush occlusion of the right common iliac artery (arrow).
for cervical cancer. (a) Coronal CT image shows thrombosed right Left common and external iliac arteries are normal and widely pat-
common iliac artery (short arrow) and reconstructed right ureter (long  ent. (d) Following successful recanalization of the right common (CIA)
arrow) to bladder junction. (b) Doppler flow velocity is reduced in  and external iliac (EIA) arteries, a residual stenosis is seen (arrow) in
the reconstituted right common femoral artery (CFA). (¢) DSA image  the EIA.
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Fig.9.9 (continued) (e) DSA image shows satisfactory result after
stenting of the right EIA stenosis. (f) DSA image shows re-occlusion of
the right CIA and EIA with reconstitution of the CFA (arrow). (g)
Repeat endovascular intervention including pharmaco-mechanical
thrombectomy, catheter directed thrombolysis and further stenting of
the right CIA and EIA successfully restored flow as shown in this DSA

RiGht C
;

image. (h) Gray-scale ultrasound image of right CIA stent demonstrates
good apposition of stent to vessel wall. (i) Ultrasound color-flow image
shows patency of right CIA stent. (j) DSA image shows patent cross-
over synthetic femoro-femoral bypass graft after repeat endovascular
intervention; vascular sheaths are still inside graft (arrow). Asterisk
denotes the old occluded iliac artery stent.
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Fig.9.9 (continued) (k) DSA image demonstrates widely patent right
CFA anastomosis, profunda femoral (PFA) and superficial femoral
(SFA) arteries

RIGHT
SUBCLAVIAN A|

HID

Fig.9.10 Axillary artery occlusion 8 years after radiation treatment for
breast cancer. (a) Photograph depicts dry necrosis of the distal tip of right
fifth finger, consistent with chronic digital ischemia. (b) Ultrasound image
of the right axillary artery shows markedly increased Doppler flow veloci-
ties indicating focal severe stenosis of the vessel. (¢) Reduced monophasic
Doppler flow velocities are shown in the right axillary artery distal to the
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additional endovascular interventions and stenting within
16 months (Fig. 9.10g, h). In addition, at 17 months, the
patient developed acute right axillary artery thrombosis,
which was treated successfully by surgical thromboembo-
lectomy. The patient is currently maintained on clopidogrel
and anticoagulation.

Comments: As mentioned in the previous example, high
rate of in-stent restenosis remains the Achilles heel of endo-
vascular treatment for radiation-induced vasculopathy. In
this patient, the restenotic lesions have occurred primarily at
the very distal edge of the stent. Surgical revascularization in
this patient would entail a long bypass from the subclavian
artery to the brachial artery, traversing chronically edema-
tous tissues in the previously irradiated field, which would be
associated with increased risk of wound complication.
Should the patient develop re-occlusion of the multiple-
times stented axillary artery, surgical bypass will be indi-
cated for limb-salvage.

RIGHT

AXILLARY A

stenotic lesion. (d) DSA image reveals multiple in tandem stenotic lesions
(arrows) of the right axillary artery associated with prominent collateral
vessels. (e) Post-stenting DSA image shows satisfactory appearance of
stented axillary artery; thick arrows denote the proximal and distal edge of
the overlapping self-expandable uncovered stents (6 and 5 mm diameters,
respectively), and thin arrows point to the overlapping part of the stents.
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Fig.9.10 (continued) (f) Photograph shows complete healing of the
fifth digit after 3 months after successful revascularization. (g) DSA
image demonstrates in-stent restenosis (arrow) in the distal stented axil-

Summary

Although peripheral artery disease is prevalent among
elderly cancer patients, arterial complications are relatively
uncommon in patients undergoing oncologic treatment.
Endovascular or surgical revascularization is indicated for
critical ischemia and can achieve high rate of limb-salvage
in cancer patients. Survival outcome is generally related to
the underlying cancer prognosis.
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Abstract

Stroke remains the leading cause of permanent disability. Embolic stroke due to severe
carotid artery stenosis can be preventable. In this article, we review the management of
carotid artery disease with particular focus in cancer patients. Carotid duplex ultrasonogra-
phy is the screening modality of choice for the detection of cervical carotid artery disease.
Surgical carotid endarterectomy remains the gold-standard therapy for all symptomatic
patients with severe carotid artery stenosis. Carotid stenting is a minimally invasive alterna-
tive treatment for symptomatic patients deemed high-risk for carotid endarterectomy either
due to medical or anatomical reasons. Head and neck cancer patients require special con-
siderations due to higher incidence of carotid artery disease, particularly following the
radiation treatment.
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Introduction

term disability globally. Approximately 70% of stroke sur-
vivors require further medical care after sustaining an acute

The decline in stroke mortality in the United States over the
past decades has been recognized as a major improvement
in the medical field. The progress in stroke outcomes results
from medical interventions to control cardiovascular risk
factors, reduced stroke incidence, and lower case fatality
rates [1]. However, stroke remains a leading cause of long-
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stroke. It is estimated that 87% of all strokes are due to
acute ischemic cerebral infarction, 10% to intracranial
hemorrhage and 3% to subarachnoid hemorrhage. Severe
carotid artery plaque disease accounts for up to 20% of
acute ischemic strokes (Fig. 10.1). The incidence of isch-
emic stroke related to cervical carotid artery plaque disease
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Fig. 10.1 Carotid plaque. Intraoperative photograph of a bisected
carotid artery bifurcation, showing the atherosclerotic plaque, intramu-
ral thrombus with hemorrhage, and friable debris

will likely continue to rise in the next decade due to the
aging of the U.S. baby boomer population. Cardiovascular
complications are common in cancer patients. For the can-
cer patient, the occurrence of an acute stroke will often
delay oncologic treatment for that patient until he/she
regains adequate functional or performance status. In this
article, we review the management of carotid disease with
particular focus in cancer patients and provide a consor-
tium of clinical vignettes.

Stroke Risk Factors

Older age, cigarette smoking, hypertension, diabetes, and
hyperlipidemia are well-established risk factors for athero-
sclerotic plaque formation in the cervical carotid arteries,
similar to that seen in the coronary and other medium-size
arteries. Artery-to-artery atheroembolization from carotid
plaque to either a large intracranial branch (e.g. middle cere-
bral artery) or a smaller cortical branch is recognized as the
most common mechanism leading to acute cerebral ischemia
(Fig. 10.2). Stroke due to acute carotid artery thrombosis is
less common (Fig. 10.3). In general, patients who sustain an
acute ischemic stroke due to atheroembolization from carotid
artery disease are more likely to experience a recurrent stroke
than those with small vessel occlusion or cardioembolism
[2]. Lacunar infarcts due to small vessel disease typically
result in milder neurologic impairments and are associated
with better outcomes when compared to ischemic strokes
due to carotid artery atheroembolism. The current manage-
ment of patients with carotid artery plaque disease is primar-
ily based on the severity of stenosis, and the presence or
absence of ipsilateral ischemic neurologic symptoms (symp-
tomatic versus asymptomatic, respectively).

Fig. 10.2 Embolic ischemic stroke. Head and neck MRI/MRA of a
72 year-old man who developed acute onset of slurred speech and right
arm weakness in the post-anesthetic care unit, after undergoing nasal
flap revision (the nasal flap had been created to provide soft tissue cov-
erage to a defect which resulted from the surgical resection of a cutane-
ous melanoma lesion 3 weeks prior). (a) Axial MRI image showed
multiple scattered foci of restricted diffusion (bright signals on DWI)
concentrated in the left frontal and parietal lobes, and in the left occipi-
tal and right posterior frontal lobes, consistent with multiple acute

embolic infarctions. (b) 2-D reformatted TOF MRA coronal image
demonstrated focal moderate to severe stenosis of the left proximal
internal carotid artery (thick white arrow), a typical appearance of bifur-
cation atherosclerotic disease, with normal distal internal carotid artery
(thin white arrow). The left vertebral artery is normal and dominant
(white asterisks). The right carotid bifurcation has mild disease (thick
grey arrow) and distal right internal carotid artery is normal (thin grey
arrow). The right vertebral artery is hypoplastic (grey asterisk). The
patient also had paroxysmal atrial fibrillation
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Fig.10.3 Acute internal carotid artery thrombosis. A 70 year-old man
sustained acute middle cerebral artery territory large ischemic stroke
due to acute right internal carotid artery thrombosis, following repair of
a femoral artery pseudoaneurysm, which occurred after extensive com-
mon femoral endarterectomy and patch angioplasty reconstruction. CT
angiogram axial images revealed (a) acute thrombosis of the proximal
right internal carotid artery (arrow), extending into the (b) clinoid seg-
ment of the vessel (arrow), which is also heavily calcified, and (c)
reconstitution of flow in the right middle (large arrow) cerebral and
anterior (small arrow) cerebral arteries via collaterals. On sagittal
views, (d) extensive calcified complex plaque disease (asterisk) is seen

with interruption of contrast flow just above the carotid bifurcation in
the right cervical internal carotid artery (arrow), and (e) moderate ste-
nosis of the left proximal internal carotid artery is shown (arrow). (f)
Brain MRI axial T2 flair image (11 days after the acute stroke event)
showed the large acute/subacute infarction involving the right middle
cerebral artery territory, and smaller acute embolic infarcts in the left
middle cerebral territory. The patient had received immunotherapy
(nivolumab trial) for metastatic urothelial cancer for approximately
3 years without progression of cancer disease and had remote history of
coronary artery bypass
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Carotid duplex ultrasound examination is the initial imaging
modality of choice to evaluate the cervical carotid artery
bifurcation for the presence of plaque disease and stenosis

L Dist CCA
PSV 418 cmls
EDV 143
RI

TT.T.Huynh et al.

(Fig. 10.4). Duplex ultrasound is a non-invasive test with
high sensitivity and specificity. Characterization of the
carotid bifurcation plaque on gray-scale imaging provides
useful information about its morphology and composition.
Certain characteristics such as soft plaque (homogenous and

. ICA

59 RIGHT
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Fig.10.4 Carotid Duplex ultrasound. (a—c) Duplex carotid ultrasound of
an asymptomatic 75 year-old man, 30 years after surgical neck dissec-
tion, muscle flap reconstruction and external beam radiation for oropha-
ryngeal squamous cell cancer. Gray scale ultrasound shows a focal
dissection intimal flap (arrow) in the distal common carotid artery (CCA)
on (a) longitudinal and (b) axial views; the intimal flap is likely chronic
and related to the remote surgery. (¢) Doppler interrogation demonstrates
markedly increased peak systolic velocity indicating greater than 50%
stenosis of the distal common carotid artery. (d—g) Duplex carotid ultra-
sound of a 72 year old-man with right small glottic cancer and asymp-

oy

tomatic severe bilateral carotid artery stenosis. Gray scale longitudinal
ultrasound images show complex plaque (asterisk) disease in the (d) right
and (e) left carotid internal carotid arteries (ICA). Doppler interrogation
suggests high-grade stenosis in both (f) mid right internal carotid artery
and (g) proximal left internal carotid artery. The patient had 75 pack-
years smoking tobacco and hypertension. Clopidogrel and atorvastatin
therapy was initiated and the patient had successful definitive intensity-
modulated radiation therapy (IMRT) for the glottic cancer. Patient sus-
tained a minor myocardial infarction 2 years after radiation treatment, but
has had no ischemic neurologic events
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echolucent), intraplaque hemorrhage and plaque ulceration
have been associated with higher incidence of distal emboli-
zation compared to heterogenous and calcified plaques.
However, the severity of luminal stenosis is still the strongest
predictor of stroke risk. By convention, the determination of
carotid artery stenosis is provided in ranges based on the
Doppler derived flow velocities, and not by diameter mea-
surement. The criteria recommended by the Ultrasound
Consensus Panel remains the most commonly used to deter-
mine the severity of stenosis of the cervical internal carotid
artery [3].

Carotid duplex scanning in the head and neck cancer
patient is often challenging. Preoperatively, a large tumor
mass in the neck can displace, compress or encase the cervi-
cal carotid vessels (Fig. 10.5). Soft tissue changes secondary
to surgery and/or radiation treatment can limit visualization.
Irradiated tissue becomes fibrotic over time, hampering
transmission of the ultrasound beam and causes acoustic
shadowing that can obscure segment of the carotid arteries.
Removal of the sternocleidomastoid muscle with radical
neck dissection eliminates an important acoustic window for
a posterior approach to the already superficial location of the
carotid arteries. The presence of a tracheostomy further

Fig. 10.5 Thyroid tumor encasing carotid artery bifurcation. (a—e)
Ultrasound images of a large papillary thyroid cancer mass (asterisk)
encasing and narrowing the right mid-common carotid artery (CCA) in
a 52 year-old woman: (a) gray scale long view of mid-CCA encased by
tumor; transverse views showing (b) normal diameter of proximal CCA
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narrows the scanning window, and in particular, view of the
common carotid artery, which is often very close to the
stoma, can be suboptimal.

The finding of a severe carotid artery stenosis (70-99%)
detected on duplex ultrasound performed in an accredited
vascular laboratory is generally deemed sufficient evidence
for determining therapy or intervention [4]. However, further
evaluation with either magnetic resonance angiography
(MRA) or computed tomographic angiography (CTA) is
warranted to confirm the severity of stenosis, and to assess
for presence of proximal vessel disease, or tandem intracra-
nial stenosis. Imaging technology and post-processing meth-
ods of MRA and CTA are constantly evolving. In our
institution, CTA is more commonly used than MRA to evalu-
ate patients with suspected carotid disease, in part due to the
local expertise (Fig. 10.6). The multi-slice helical CT scan-
ner provides higher spatial resolution than MR imaging. One
additional advantage of CTA over MRA is better character-
ization of calcification. However, the diagnostic value of
conventional CTA (single-energy source CT) is limited when
there is extensive calcification in the carotid bifurcation, and
the severity of stenosis can be either over- or under-estimated.
The recent introduction of dual-energy source CT systems

Prox CCA
|+ Dist 0.564 cm
. e

and (¢) reduced diameter of mid CCA; (d) disturbed colorflow seen in
mid CCA associated with (e) increased Doppler peak systolic veloci-
ties, indicating luminal stenosis (due to external compression by the
encasing tumor). The vessel wall including intima is otherwise normal
and free of plaque disease.
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Fig.10.5 (continued) (f) Axial CT neck shows the large papillary
thyroid cancer mass (asterisk) with extensive locoregional disease,
encasing the right mid-common carotid artery (arrow). (g) Reformatted
3-D CT angiogram depicts focal narrowing (arrow) of the right com-
mon carotid artery caused by tumor encasement. (h) Intra-operative
photograph shows tumor (asterisk) encasing the right common carotid
artery (a) and right vagus nerve (n). (i) Following en-bloc tumor and

carotid artery resection, reconstruction of the right common carotid
artery (c) using reversed saphenous vein graft (vg) is shown on photo-
graph; proximal (short arrow) and distal (long arrow) anastomoses are
depicted. (j) Colorflow ultrasound image of the reconstructed right
common carotid artery (vein graft) at 6 months following surgery and
post-operative external radiation
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Fig.10.6 3-D reformatted CT angiogram. A sixty-three year-old man
who had left tonsillar HPV-related squamous cell cancer intensity mod-
ulated radiotherapy to 66 Gy in 2009. CT surveillance showed no evi-
dence of cancer recurrence but revealed an incidental asymptomatic
severe stenosis of the proximal left internal carotid artery in 2015.
Reformatted 3-D image depicts the focal high-grade stenosis (arrow) of
the proximal left internal carotid artery with small caliber vessel distal
to the stenosis. The patient subsequently had successful carotid
endarterectomy

may potentially overcome this limitation. Analysis of tube
voltage-dependent attenuation differences between iodine
and calcium enables rapid and fully automated subtraction of
calcification from CTA datasets by dedicated post-processing
software tools. Preliminary data suggests that dual-energy
CTA may become the preferred imaging modality of choice
for assessing patients with severely calcified carotid artery
bifurcation disease [5]. Surveillance contrast-enhanced CT
of the neck soft tissue is routinely obtained in head and neck
cancer survivors in the first 5 years after completion of treat-
ment and periodically thereafter. The presence of carotid
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artery disease can be noted on these CT, but it is often not
assessed or reported because it is not the primary reason for
the test. Indeed more attention should be paid to the carotid
arteries in contrast-enhanced neck CT surveillance done for
head and neck cancer patients, as the incidental finding of
significant carotid stenosis is not infrequent. In our institu-
tion, we are working with our neuroradiologists towards
standardizing reports on contrast-enhanced CT of neck soft
tissue to include a comment on the carotid arteries.

MRA imaging incurs no radiation risk and does not
require the use of intravenous iodinated contrast. Contrast-
enhanced MRA with intravenous injection of gadolinium
can provide accurate assessment of the plaque, residual
lumen and degree of stenosis (Fig. 10.2b) [6]. However, in
patients with renal insufficiency, TOF-MRA can provide
adequate evaluation of the carotid artery bifurcation without
need for contrast, avoiding the risk of nephrogenic systemic
fibrosis. Invasive intra-arterial carotid angiography (selective
digital subtraction angiography) was the historical gold stan-
dard test for evaluating carotid artery disease. However, with
the improved diagnostic accuracy of the non-invasive carotid
duplex ultrasound, MRA and CTA imaging, invasive carotid
angiography is currently reserved for therapeutic interven-
tion such as carotid stenting or when there is discordance in
the findings of the non-invasive imaging tests.

Medical Therapy in Stroke Prevention

There is large body of evidence to support the routine use of
aspirin and statin to prevent stroke in patients who either
have symptomatic atherosclerotic cardiovascular disease, or
are considered high-risk [7]. Aspirin (75-325 mg daily) has
been shown to be effective in preventing stroke in patients at
increased risk of for cardiovascular events, including those
who sustain an acute myocardial infarction or ischemic
stroke, unstable or stable angina, or those with prior history
of myocardial infarction, stroke, and peripheral arterial dis-
ease [8,9]. However, in patients without known cardiovascular
disease or risk factors for atherosclerosis, the benefit of aspi-
rin therapy remains uncertain. Large clinical trials have
shown significant reduction in first and recurrent incidence
of stroke in high-risk patients taking statin [10, 11]. Moreover,
high-risk patients with established cardiovascular disease
can benefit from statin regardless of their cholesterol level.
In a prospective cohort of 68 asymptomatic patients with
greater than 50% carotid artery stenosis, the use of statin
therapy was associated with reduced rate of carotid plaque
progression on MRI [12]. The beneficial effects of statin is
not directly related to lipid-lowering, but rather can be linked
to pleiotropic effects which are still not well understood [13].
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Fig. 10.7 Acute ischemic stroke during induction chemotherapy. A
sixty-two year-old man, heavy smoker with prior history of myocardial
infarction and coronary stenting, sustained right hemispheric stroke
while undergoing induction chemotherapy (docetaxel and carboplatin)
for synchronous squamous cell cancer in floor of the mouth and oro-
pharynx. Although the patient had been on clopidogrel, it was halted for
lymph node biopsy and not resumed until he developed an acute isch-
emic stroke. Duplex carotid ultrasound showed (a) calcified occlusive

In oncologic patients, there can often be competing treat-
ment goals. Antiplatelet therapy is frequently put on hold
during chemotherapy regimens that are known to cause bone
marrow suppression and thrombocytopenia. However,
patients with prior history of coronary artery or carotid dis-
ease (with or without stenting), myocardial events, or isch-
emic stroke should be reminded to remain on antiplatelet
therapy throughout their oncologic treatment to reduce risk
of cardiovascular events unless they develop major bleeding
complications. The mere bleeding potential risk related to
the combination of platelet inhibition and thrombocytopenia
is not a valid contra-indication to interrupt antiplatelet ther-
apy during oncologic treatment (Fig. 10.7). On occasions,
patients may be temporarily unable to take their regular med-
ications due to side effects of the oncologic treatment. When
these side effects subside, patients with the above listed car-
diovascular conditions should resume their cardiovascular
drugs, including statin therapy as soon as possible while
completing their cancer treatment.

Surgical Carotid Endarterectomy

Surgical carotid endarterectomy (CEA) remains the gold-
standard treatment for stroke prevention in patients with
severe cervical carotid artery stenosis. The benefit of CEA
over medical therapy alone in stroke prevention is well estab-
lished for symptomatic patients with severe carotid artery
disease (70-99% stenosis). The North American Symptomatic
Carotid Endarterectomy Trial (NASCET) reported a cumula-
tive stroke rate of approximately 9% for patients with severe

plaque (asterisk) in the right carotid bulb and (b) no Doppler colorflow,
consistent with complete occlusion of the internal carotid artery.
Fortunately, the patient recovered full neurologic function, and went on
to receive successful definitive chemoradiation therapy within a month
after the stroke. The patient remained on clopidogrel and atorvastatin
during oncologic treatment and has had no recurrent ischemic neuro-
logic events for 2 years since the incident stroke

carotid artery stenosis randomized to CEA versus 26% for
patients in the medical therapy group [14]. CEA was also
shown to benefit patients with moderate carotid artery steno-
sis (50-69%); the 5-year fatal or nonfatal ipsilateral stroke
rate was 16% in the surgically treated group versus 22% in
the medically treated group [15]. The European Carotid
Surgery Trial (ECST) demonstrated similar findings of the
efficacy of CEA in reducing recurrent stroke rate for symp-
tomatic patients with moderate to severe carotid artery steno-
sis [16]. However, CEA does not reduce risk of recurrent
stroke in symptomatic patients with less than 50% carotid
stenosis compared to medical therapy alone [15].

The surgical techniques of carotid endarterectomy con-
tinue to be refined. There are variations in the conduct of the
procedure with regard to anesthesia, neurologic monitoring,
type of skin incision, endarterectomy approach, artery clo-
sure, and carotid shunting. We describe our technique briefly
as follows (Fig. 10.8). We prefer general anesthesia for most
patients. A dedicated neurophysiology team monitors the
patient’s intra-operative electroencephalography (EEG) and
somatosensory evoked potentials (SSEP). Using a portable
duplex ultrasound, we visualize the carotid bifurcation to be
treated and we mark its level and side. We make a curvilinear
transverse incision along a skin fold centered on the diseased
carotid artery bifurcation. Superior and inferior subplatys-
mal myocutanous flaps are created. We open the carotid fas-
cia and mobilize the common carotid and internal carotid
arteries circumferentially, proximally from below the bifur-
cation to as high as possible distally. Not infrequently, we
divide the inferior belly of the omohyoid muscle to get ade-
quate exposure of the lower part of the common carotid
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Fig. 10.8 Surgical carotid endarterectomy (CEA). A fifty-five year-old
man had right partial glossectomy, neck dissection and postoperative
external beam radiation to total dose of 60 Gy to the right tongue and
50 Gy to the right neck in 1997. The patient developed new primary
cancer of the left lateral tongue at the end of year 2013 and underwent
left partial glossectomy and neck dissection. Patient received additional
postoperative radiation using IMRT to total of 60 Gy. The patient subse-
quently developed bilateral osteoradionecrosis of mandibles and wors-
ening asymptomatic severe stenosis of the cervical right internal carotid
artery in 2016. The patient underwent combined mandibulectomy,
reconstruction using left fibula osteocutanous free flap, and right carotid

artery in the neck. This is particularly desirable when intra-
arterial shunting is used. Distally, the posterior belly of the
digastric muscle can be divided to expose the distal internal
carotid artery. The common facial vein is commonly divided
as it crosses anterior to the carotid artery. The hypoglossal
and vagus nerves are always preserved. We administer hepa-
rin (1 mg/kg) intravenously prior to carotid cross-clamping.
The external, internal, and common carotid arteries are
sequentially clamped. A longitudinal arteriotomy is made to
open the common carotid artery from below the bifurcation
to distally beyond the diseased plaque onto the mid-distal
internal carotid artery. We perform the endarterectomy by
gently finding the normal plane within the thickened wall of
the carotid plaque, removing the occlusive plaque, and leav-
ing the outer layer (adventitia) of the vessel wall intact.
Tacking sutures are placed distally using 6-0 or 7-0
Polypropylene sutures when necessary to appose the intima
(and prevent an intimal flap). We carefully flush out and
remove any loose debris from the endarterectomized surface.
To optimize distal cerebral flow, we routinely use an intra-
arterial shunt and aim to keep the systolic blood pressure
90-120 mmHg during the period when the carotid artery is
opened. We typically close the longitudinal arteriotomy by
sewing a commercially available pericardial bovine patch (or
autologous saphenous vein patch). The temporary shunt is
removed just before completion of the patch angioplasty.
Flow is restored to the external carotid artery first then to the
internal carotid artery. Protamine sulfate is administered to
reverse effect of heparin (1:1) before wound closure.
Antiplatelet therapy is resumed immediately after surgery.
Patients are typically discharged home 1-2 days after carotid
endarterectomy.

endarterectomy. Base of the neck is to right in photographs. (a) Standard
exposure of the right carotid artery bifurcation is shown. Clamps are
placed across the proximal common (large arrow), external (thin arrow)
and distal internal (short arrow) carotid arteries. Through the longitudi-
nal arteriotomy, the diseased ulcerated plaque (asterisk) is seen. (b) The
endarterectomized surface (black asterisk) is shown after plaque exci-
sion, with the temporary shunt (white asterisk) inside the artery. (c)
Image depicts the patch angioplasty closure (asterisk) and prophylactic
tracheostomy (arrow). The patient recovered well without neurologic or
other postoperative complications. Patient’s tracheotomy tube was
removed and patient was discharged home on post-operative day 8

Carotid Artery Stenting

The introduction of carotid artery stenting (CAS) provided
a minimally invasive alternative treatment for patients with
severe carotid stenosis. Endovascular techniques for CAS
and the use of temporary embolic protection have continued
to evolve over the last decade. There have been numerous
clinical studies examining the role of CAS in carotid revas-
cularization. SAPPHIRE (Stenting and Angioplasty with
Protection in Patients at High-Risk for Endarterectomy)
was the first large clinical trial that showed results of carotid
stenting comparable (non-inferior) to endarterectomy [17].
However, the initial enthusiasm for CAS was hampered
by subsequent publication of the French multicenter ran-
domized controlled Endarterectomy Versus Angioplasty
(EVA-3S) trial showing higher rate of disabling stroke or
death with CAS than with CEA in patients with symptom-
atic severe carotid artery stenosis (incidence of disabling
stroke or death at 30-day was 1.5% after CEA and 3.4% after
CAS) [18]. Furthermore, the findings of this study suggested
that the use of temporary cerebral protection devices during
CAS may reduce periprocedural strokes by approximately
threefold [19]. Subsequently, the long awaited results of
the North American randomized Carotid Revascularization
Endarterectomy versus Stenting Trial (CREST) compar-
ing CEA versus CAS were published in 2011 [20]. CREST
demonstrated that both CEA and CAS are good options for
carotid revascularization because the overall complication
rates for both procedures are within the range of current
treatment guidelines. However, peri-procedural risk of stroke
and death was significantly higher in CAS versus CEA for
the subgroup of symptomatic patients (6% vs. 3.2%).
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Fig.10.9 Carotid artery stenting (CAS). A seventy
year-old man with history of supraglottic squamous cell
cancer had definitive chemoradiation in 2009. Patient
developed a recurrence in 2012 in a left retropharyngeal
lymph node and received additional 66 Gy proton therapy.
Patient subsequently developed severe right internal
carotid artery stenosis with neurologic symptoms and had
carotid artery stenting in 2015. (a) At 1-year follow-up,
duplex ultrasound surveillance showed severe in-stent
restenosis of the right internal carotid artery with recurrent
neurologic symptoms. The patient underwent successful
repeat carotid stenting without complications. (b) Selective
carotid arteriogram confirmed severe stenosis at the distal
edge of the previous stent in the right internal carotid
artery. (¢) Spot fluoroscopic image depicts the tip of the
sheath (asterisk), top of the new stent (still constrained
within the delivery catheter; small black arrow), existing
overlapping stents in the carotid artery (large white arrow
denotes distal edge), and the temporary filter wire (nitinol
loop-white circle; thin white arrow points to distal tip of
wire). (d) Completion arteriogram after new stent
deployment and post-stent balloon angioplasty
demonstrates satisfactory result

Many carotid stents and distal embolic protection devices
have become commercially available since the Federal Drug
Administration first approved CAS in 2004. Transfemoral
approach remains the standard conventional technique
(Fig. 10.9). In brief, CAS is typically performed under con-
scious sedation. During the procedure, the patient’s neurologic
status is assessed periodically. Intra-procedure transcranial
Doppler monitoring can detect intra-operative cerebral embo-
lization and flow disturbances. Following standard arch aorto-
gram, the external carotid artery is cannulated and a 6F or 7F
sheath is advanced into the common carotid artery. Bivalirudin,
a bivalent direct thrombin inhibitor, is administered intrave-
nously as an initial bolus (0.75 mg/kg) then continued as a
continuous infusion at a rate of 1.75 mg/kg/h. Distal embolic
protection device (filter) is navigated carefully across the dis-
eased plaque and deployed in the normal distal internal carotid
artery. Various stent diameters and lengths are available. The
self-expandable carotid stent is deployed across the target
lesion. Post-stent balloon angioplasty is inflated gently and
briefly. Intravenous atropine is frequently required to treat
severe bradycardia or asystole, which can occur during stent
deployment or balloon angioplasty. Following satisfactory
completion angiogram, the temporary filter is removed, com-
pleting the procedure. Peri-procedural embolic stroke risk, in
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part related to crossing of the aortic arch, remains the Achilles
heel of transfemoral CAS. More recently, transcarotid stenting
using a novel neuroprotection device (flow reversal) has pro-
duced promising results with lower perioperative stroke risk
[21]. We recommend long-term clopidogrel therapy following
carotid stenting.

Asymptomatic Carotid Artery Stenosis

In 2012, 90,800 CEA and 16,300 CAS procedures were per-
formed in the United States. Approximately 70-80% of
carotid interventions (CEA and CAS) are done for asymp-
tomatic carotid stenosis. Controversy remains in the treat-
ment of asymptomatic carotid artery stenosis for primary
stroke prevention [22]. Two large multicenter randomized
clinical trials have shown significant reduction in stroke risk
for patients with severe asymptomatic carotid artery stenosis
treated by CEA versus medical therapy. The North American
Asymptomatic Carotid Arteriosclerosis Study (ACAS) was
published in 1998 and showed that the 5-year risk for any
perioperative stroke or death was 5.1% for CEA patients and
11.0% for patients treated medically [23]. Subsequently, the
European Asymptomatic Carotid Surgery Trial (ACST)
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showed similar results [24]. The first report of this trial
showed 5-year risk for all strokes to be 6.4% in the surgical
arm compared to 11.8% in the medical arm. This risk reduc-
tion was maintained in long-term follow up study for patients
younger than 75 years of age, with 10-year stroke risk reduc-
tion observed to be 13.4% for CEA patients versus 17.9% for
medically treated patients [25]. Critics of these older trials
contend that medical therapy has improved greatly, and the
current best medical therapy, particularly, the prevalent use
of lipid-lowering drugs and the ameliorated control of hyper-
tension, would void the potential benefits of CEA.

Results of more recent trials have emerged comparing
CEA versus CAS for severe asymptomatic carotid stenosis in
patients on contemporary medical therapy. There were 1181
asymptomatic patients with high-grade carotid artery steno-
sis randomized to CAS or CEA in the CREST trial, the peri-
procedural stroke and death rate was similar in both groups
(2.5% in CAS versus 1.4% CEA) [20]. Most recently, results
of the ACT randomized trial were published in February
2016, comparing CAS vs. CEA in patients with severe
asymptomatic carotid artery stenosis [26]. The investigators
showed that CAS was non-inferior to CEA for patients with
severe asymptomatic carotid artery stenosis with 30-day rate
of stroke or death of 2.9% in CAS group and 1.7% for CEA
group, and cumulative 5-year rate of stroke-free survival
of 93.1% in CAS and 94.7% in CEA groups, respectively.
Three current multicenter randomized trials in Europe and
North America, Stent-Protected Angioplasty versus Carotid
Endarterectomy, Carotid Revascularization Endarterectomy
versus Stenting Trial, and European Carotid Surgery Trial
(SPACE-2, CREST-2, and ECST-2, respectively) are cur-
rently enrolling patients to address the important question:
does intervention by either CAS or CEA offer additional ben-
efit over contemporary best medical therapy alone in patients
with severe asymptomatic carotid artery stenosis.

Special Considerations for Patients
with Head and Neck Cancer

The development of carotid artery stenosis is a well-recognized
late complication in patients receiving high-dose external beam
radiation for head and neck cancers. It has been estimated that
the relative risk of ischemic stroke is at least double following
head and neck radiotherapy [27]. A review of a Medicare-
cohort of 6862 patients with head and neck cancer (Surveillance
Epidemiology and End-Results—SEER) between 1992 and
2012 found a 10-year incidence of cerebrovascular events of
34% in patients undergoing definitive radiotherapy, compared
with 25% in patients with surgery plus post-operative radio-
therapy, and 26% in patients treated with surgery alone [28].
Although this report did not differentiate the location or cause
of stroke, it suggests an association between high radiation
dose and an overall increased risk of stroke. The factors leading

to radiation-induced vasculopathy and accelerated atheroscle-
rosis have not yet been clearly defined, but are thought to be in
part due to combined radiation effects on the vascular endothe-
lium and the vasa vasorum of the adventitia [29]. Although
most carotid lesions in radiated field have similar appearance
compared to typical atherosclerotic bifurcation disease
(Figs. 10.1 and 10.6), the former can be more extensive, involv-
ing the proximal common carotid, and/or mid to distal internal
carotid artery not infrequently (Fig. 10.10). Several investiga-
tors have recommended routine screening and surveillance for
carotid occlusive disease in all patients following external
beam high dose radiation for head and neck [30-33]. However,
evidence-based guidelines for the treatment of asymptomatic
patients with radiation-induced carotid disease are still lacking,
and optimal medical treatment has not yet been defined.
Unfortunately, most of the past and current large carotid multi-
center randomized trials, described in the prior sections, have
excluded patients with history of neck radiation, neck dissec-
tion and active/recent cancer.

Carotid endarterectomy in radiated field can be done
safely, but can be associated with increased risk of surgical
complications including up to approximately 25% incidence
of cranial nerve injury [34, 35]. Carotid stenting provides an
alternative less-invasive treatment for affected patients with
radiation induced severe carotid artery stenosis. However,
carotid stenting for radiation induced carotid artery stenosis
have resulted in higher rate of in-stent restenosis (Fig. 10.9)
[35, 36]. A recent three-center retrospective review showed
no significant differences in the peri-operative complications
and restenosis in patients having carotid artery stenting with
or without prior neck radiation therapy [37]. At our institu-
tion, the management of patients with radiation induced
carotid stenosis follows the same principles as that for non-
radiated patients. Carotid intervention, either stenting or
endarterectomy is recommended for symptomatic patients
with moderate to severe carotid artery stenosis. Currently,
our group offers surgical carotid endarterectomy as the first
option to symptomatic patients considered good operative
candidates. Surgical dissection in irradiated tissue can be
more difficult because of presence of scar tissues with oblit-
eration of the normal tissue planes. We have found sharp tis-
sue dissection to be particularly useful in redo and irradiated
neck to avoid inadvertent injuries. Admittedly, carotid endar-
terectomy in patients who had prior neck dissection or high
dose radiation is more tedious than surgery in a neck without
prior such treatment, but it can be done successfully in expe-
rienced hands. However, in patients with extensive soft tis-
sue deformity in the neck, chronic tracheostomy, or high
medical risks, we favor carotid stenting for symptomatic
severe carotid artery stenosis.

On rare occasions, patients can present with neck wound
complications after extensive neck dissection and radiation
that can lead to contained carotid artery pseudoaneurysm or
catastrophic carotid blow-out (Fig. 10.11). Emergency endo-
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Fig. 10.10 Radiation-induced carotid artery vasculopathy. Carotid
plaque formation in patients after external radiation can lead to acceler-
ated atherosclerosis of the carotid bifurcation, similar to the typical ath-
erosclerotic process. However, radiation-induced vasculopathy can also
produce more extensive plaque formation, involving the common carotid
and/or the internal carotid artery beyond the bulb. Below we describe the
progression of carotid disease in two patients who had neck radiation for
nasopharyngeal and laryngeal cancer. (a) A sixty-three year-old woman
presented with local cancer recurrence involving the left maxilla. Twelve
years prior, the patient had surgical resection of squamous cell cancer of
the right hard palate and alveolar ridge, and postoperative external beam
radiation therapy (65 Gy to the operative bed and retropharyngeal nodes
and 50 Gy to the right hemineck). The patient continued to smoke
tobacco and was on chronic warfarin therapy for history of DVT. Carotid
duplex ultrasound showed wall thickening of (i) right and (ii) left com-
mon carotid arteries (asterisk) and moderate to severe stenosis of (iii)

right and (iv) left proximal internal carotid arteries (worse on the right).
We recommended continuing medical therapy for her carotid disease.
The patient then underwent partial resection of the left maxilla to remove
the local recurrence without complications. (v) The patient subsequently
developed asymptomatic interval occlusion of the right common (white
arrow) and internal carotid arteries on CT imaging at 7 months postop-
eratively; black arrow points to a patent left common carotid artery. (b)
A seventy-two year-old man smoker with known asymptomatic bilateral
carotid artery stenosis was referred for laryngeal squamous cell cancer in
2014. Patient received IMRT to 63 Gy to the vocal cord without compli-
cations. The patient has since quit tobacco and remains on clopidogrel
and statin. At 2-year follow-up, carotid duplex images show (i) moderate
to severe stenosis of the right mid-internal carotid artery and (ii) moder-
ate stenosis of the left mid-internal carotid artery; and (iii) axial CT
image depicts significant calcification of bilateral carotid bifurcation.
The patient has remained asymptomatic on medical therapy
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Fig. 10.11 Neck wound complication and muscle flap coverage. A
fifty-eight year-old woman was referred to our center for management
of chronic non-healing neck wound. The patient had initially received
definitive external radiation therapy for laryngeal cancer in 1999. She
subsequently developed a recurrence in 2004 and underwent left neck
dissection and had postoperative chemoradiation therapy. In 2010, the
patient acquired a wound in her left neck, which progressed despite
local wound care and hyperbaric treatment. The patient developed
bleeding in the left neck wound associated with presence of a left com-
mon carotid artery pseudoaneurysm. Stenting of the pseudoaneurysm
using covered stent temporarily stopped the bleeding. The patient was
then transferred to our center for definitive treatment. Intra-operative

photographs are provided courtesy of Dr. Peirong (Ron) Yu, Plastic
Reconstructive Surgery, University of Texas MD Anderson Cancer
Center. (a) Photograph of left neck wound (base of neck to right). (b)
CT images show patent left common carotid artery stent (arrow) on (i)
axial and (ii) sagittal views. (c¢) Intra-operative photograph showing
covered stent (arrow; base of neck to right). (d) Reconstruction of the
left common carotid artery using reversed saphenous vein graft (arrow)
after extensive neck wound debridement; base of neck to the right. (e)
Transposition of pedicle left latissimus dorsi myocutaneous flap to
cover large wound defect. (f) Photograph of patient’s neck at 1-year
follow up
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Fig.10.12 Concomitant
oncologic neck dissection and
CEA. A sixty-five year-old
woman was found to have
right tonsillar squamous cell
cancer with nodal metastatic
disease and severe right
proximal internal carotid
artery stenosis while
undergoing work-up for right
eye amaurosis fugax in 2011.
Patient underwent
concomitant tonsillectomy,
right neck dissection, and
right carotid endarterectomy.
The patient received
postoperative chemotherapy
(cetuximab) and external neck
radiation to the tumor bed
(total dose of 66 Gy). At

5 years post-treatment, the
patient is without evidence of
cancer 5 years and has had no
recurrent ischemic neurologic
events. Pre-operative (a) CT
image showed bulky calcified
plaque causing near occlusion
of the proximal right internal
carotid artery (arrow), (b)
ultrasound image
demonstrated markedly
elevated velocities consistent
with greater than 80%
stenosis of the proximal right
internal carotid artery, and (c)
PET/CT revealed large
FGD-avid right neck lymph
node. At 5 year post-
treatment, (d) CT showed no
evidence of recurrent cancer
and satisfactory appearance of
the right internal carotid
artery patch angioplasty
(arrow), and (e) normal flow
velocities in the right internal
carotid artery on Doppler
ultrasound

Right JCA

vascular intervention to repair carotid artery rupture using
covered stent can be a life-saving measure. Muscle flap
reconstruction is often required to provide adequate soft tis-
sue coverage of the carotid artery and soft tissue defect in
irradiated neck wound (Fig. 10.11).

The incidence perioperative stroke risk after neck dissec-
tion for head and neck cancer patients remains debatable
with reports ranging from 0.2% to as high as 4.8% [38, 39].
We currently screened patients with newly diagnosed
oropharyngeal or nasopharyngeal cancers for carotid artery

disease if they have underlying risk factors for atheroscle-
rotic disease such as tobacco smoking, older age, diabetes,
hypertension, or hyperlipidemia. Screened patients are initi-
ated on antiplatelet and statin therapy if found to have greater
than 50% stenosis of the internal carotid artery. On rare occa-
sions, we have successfully performed concomitant onco-
logic neck surgery such as nodal dissection, thyroidectomy,
tracheal and esophageal resection combined with carotid
endarterectomy in patients also found to have severe carotid
artery stenosis (>80% stenosis) (Fig. 10.12). For cancer
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survivors who develop asymptomatic carotid artery stenosis
following neck radiation, more studies are needed to deter-
mine whether any carotid intervention is indicated over best
medical therapy. Currently, we reserved carotid intervention
in asymptomatic patients only for truly high-grade (>80%
stenosis). It is conceivable that early medical intervention
can alter or halt the progression of radiation induced carotid
plaque formation, but the role of routine screening for carotid
disease in head and neck cancer patients remains to be deter-
mined in future longitudinal prospective studies. This is par-
ticularly important as we consider the changing demographics
of patients diagnosed with oropharyngeal cancer. The new
emerging data show that affected patients are of younger age
and predominantly male (without cardiovascular risk
factors), and have higher prevalence of human papilloma
virus (HPV) infection and better long-term survival than in
the past [40].

Peri-operative Stroke Prevention

Routine preoperative carotid screening for cancer patients
prior to oncologic surgical resection is generally not recom-
mended. Carotid intervention for unilateral asymptomatic
carotid stenosis is not warranted as the perioperative stroke
risk is low in non-cardiac and non-vascular surgery [41].
However, some patients with bilateral high-grade carotid
artery stenosis (or unilateral high grade carotid stenosis with
contralateral carotid occlusion) may benefit from carotid
revascularization before elective oncologic surgery. We
have favored offering surgical carotid endarterectomy for
these patients unless they are deemed to have high medical
or anatomical risks. The rationale for carotid endarterec-
tomy rather than carotid stenting is in part because of the
need for at least 4—6 weeks of uninterrupted clopidogrel
treatment after stenting, which would increase the periop-
erative risk of bleeding or delay oncologic surgery signifi-
cantly. Typically, patients recover quickly after carotid
endarterectomy and are ready for major oncologic surgery
within 1-2 weeks, requiring only maintenance aspirin ther-
apy peri-operatively.

The optimal level of blood pressure during surgery to
prevent stroke is still controversial. For patients with occlu-
sive cerebrovascular disease including carotid disease, we
recommend keeping the peri-operative mean arterial sys-
tolic blood pressure at a level similar to preoperative base-
line, or at 80—100 mmHg (permissive hypertension) to keep
relatively higher cerebral perfusion pressure. In patients
with known cardiovascular diseases, early resumption (or
initiation) of aspirin and statin has been shown to reduce
cardiovascular events [41]. Two particular subtypes of solid
tumors, lung cancer and urothelial (urinary bladder) are par-
ticularly associated with tobacco smoking. Expectedly, there
is a higher incidence of carotid disease and cardiovascular

complications in these two subgroups of patients undergoing
oncologic surgery. Cardiovascular screening and optimal
medical therapy is strongly recommended in these patients
with cardiovascular risk factors.

Carotid Body Tumor

Carotid body tumor (CBT) is the most common head and
neck paraganglioma, a rare neuroendocrine tumor. CBT typ-
ically presents sporadically in the third or fourth decade as a
slow-growing unilateral painless neck mass that is located in
the carotid artery bifurcation. CBT is benign in >95% of
cases with small risk of malignancy. Surgical resection is the
treatment of choice for CBT. Pre-operative embolization for
CBT >5 cm can be done prior to surgical excision and may
help reduce intra-operative blood loss, although a recent
meta-analysis did not show any benefit [42]. CBT has a very
typical appearance on imaging (ultrasound, CT or MR). It is
seen as a hypervascular mass, getting its blood supply from
branches of the external carotid artery (most commonly the
ascending pharyngeal branch), splaying the carotid artery
bifurcation. Approximately 90% of CBTs can be resected
without carotid artery reconstruction and only 10% require
some form of carotid reconstruction such as graft interposi-
tion, patch angioplasty or primary repair [43]. The incidence
of cranial nerve injury is slightly higher in patients with large
tumor size (>5 cm). Surgical treatment is curative. Patients
with heritable head and neck paragangliomas are more likely
to present at a younger age, and have bilateral CBTs and
multiple paragangliomas [44]. Management of a large CBT
is shown in Fig. 10.13.

Recommendations Regarding Carotid
Screening

Many professional societies and associations, including the
Society for Vascular Surgery, the American Heart Association,
American Stroke Association, and the American College of
Cardiology, have put forth guidelines and recommendations
regarding the management of extra-cranial carotid disease,
individually or part of consensus statement [4, 7]. We have
adopted these recommendations in part and put forth the fol-
lowing guidelines for carotid screening [45]:

1. Carotid duplex ultrasound in an accredited vascular labo-
ratory is the initial diagnostic imaging of choice for
screening and evaluating the severity of stenosis in
asymptomatic and symptomatic patients.

2. Asymptomatic patients should be screened only if they
have one or more of the following associated conditions:
(a) Symptomatic peripheral arterial disease
(b) Coronary artery disease
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(c) Risk factors for atherosclerosis including tobacco
smoking, hypertension, hyperlipidemia, or family
history in a first-degree relative of atherosclerosis
manifested before age 60 years.

3. Routine carotid duplex ultrasound screening is not indi-
cated to detect clinically asymptomatic carotid stenosis

Fig. 10.13 Carotid body tumor (Paraganglioma). The majority of
carotid body tumors can be resected without requiring carotid artery
reconstruction. We report a relatively rare case of a 17 year-old girl who
presented with a large right carotid body tumor (5 cm) encasing the
carotid artery bifurcation. The ascending pharyngeal branch of the right
external carotid artery, the main blood supply to the tumor, was emboli-
zed using Onyx liquid polymer the day prior to surgical resection. (a)
Pre-operative ultrasound images show (i) the large hypervascular tumor
(asterisk), (i1) tumor encasing the internal and external carotid arteries
on axial views; longitudinal view (iii) depicts normal flow in the encased
internal carotid artery. (b) Pre-operative CT images demonstrates the

in patients without associated risk factors of atheroscle-
rosis (including patients with incidental neck bruits). The
principal rationale against screening for carotid stenosis
in these patients is that the potential for overall benefit
is limited by low prevalence and possible harms of
intervention.
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large carotid body tumor encasing the carotid artery bifurcation on axial
view (i), and sagittal view (ii). (c¢) Intra-operative photograph depicts
the carotid body tumor (asterisk) encasing the carotid artery bifurcation
(mobilized medially); other structures shown include the vagus nerve
(vagus), hypoglossal nerve (arrow), an internal jugular vein (vein).
Base of the neck to the right. (d) Intraoperative photograph of the recon-
structed carotid artery with non-reversed ipsilateral jugular vein graft
(after en-bloc resection of the carotid body tumor including the carotid
artery bifurcation). Arrow points to the proximal end-to-end anastomo-
sis of the vein graft to the proximal common carotid artery. Base of neck
to the left. (e) Photograph of the excised specimen.
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Fig.10.13 (continued) (f) Duplex ultrasound surveillance of right
carotid artery demonstrates satisfactory appearance of the vein graft at
22 months post-operatively

4. Post-intervention carotid duplex ultrasound surveillance
is recommended within 30 days after carotid endarterec-
tomy or stenting to assess the site of intervention. Further
follow-up carotid duplex evaluation of the endarterec-
tomy or stented carotid artery can be considered at inter-
vals after intervention. Carotid duplex ultrasound
evaluation of the contralateral carotid artery is also indi-
cated if found to be greater than 50% stenosis.

5. We caution the use of routine screening in asymptomatic
patients after neck irradiation therapy until more studies
can show its benefit.

Summary

In summary, carotid endarterectomy remains the gold-
standard treatment for symptomatic patients with moderate
to severe carotid artery stenosis. Carotid stenting is a compa-
rable alternative treatment in symptomatic patients deemed
high-risk for carotid endarterectomy either due to medical or
anatomical reasons. For asymptomatic patients with severe
carotid artery stenosis, carotid endarterectomy is warranted
albeit with a narrow benefit margin over best medical ther-
apy. Head and neck cancer patients are at increased risks for
radiation-induced injury. The current management of carotid
disease in head and neck cancer patients follows the same
principles as that for non-cancer patients. While receiving
oncologic treatment patients with known cardiovascular risk
factors and carotid artery stenosis should be on concurrent
antiplatelet agent and statin to minimize risk of stroke. We
continue to refine our diagnostic imaging, medical therapy,
surgical and endovascular techniques. The results of the
ongoing clinical trials will hopefully resolve the controversy
as to whether either method of carotid intervention (carotid
endarterectomy or stenting) is superior to best medical
therapy for asymptomatic patients with severe carotid artery
stenosis.
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Abstract

Malignancy is known to induce a hypercoagulable state and literature evidence has long
supported that a significant proportion of morbidity and mortality in patients with a known
malignancy is attributable to thromboembolic events. A high incidence of venous and, to a
lesser extent, arterial thrombosis is observed and in several instances a thromboembolic
event such as deep venous thrombosis or pulmonary embolism may be the presenting event
that leads to unmasking an underlying malignancy. This dates back to Trousseau’s astute
description in 1860s of migratory thrombophlebitis harboring an occult malignancy [1].
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Malignancy is known to induce a hypercoagulable state and
literature evidence has long supported that a significant pro-
portion of morbidity and mortality in patients with a known
malignancy is attributable to thromboembolic events. A high
incidence of venous and, to a lesser extent, arterial thrombo-
sis is observed and in several instances a thromboembolic
event such as deep venous thrombosis or pulmonary embo-
lism may be the presenting event that leads to unmasking an
underlying malignancy. This dates back to Trousseau’s astute
description in 1860s of migratory thrombophlebitis harbor-
ing an occult malignancy [1].

The primary mechanism by which a prothrombotic state is
induced is complex, and fundamentally involves increase in
expression of hemostatic proteins (tumor factor), inflammatory
cytokines (tumor necrosis factor-alpha, interleukin-1), angio-
genic factors (vascular endothelial growth factor) and adhesion
molecules [2]. Recent evidence demonstrates that alteration in
host response and hemostatic mechanisms also promotes tumor
progression, and certain types of malignancies specifically acti-
vate clotting and upregulate procoagulant molecules as part of
the neoplastic transformation [2]. Independent host risk factors
associated with increased thrombosis such as advanced age,
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sex, obesity, immobilization and treatment related risk factors
of hypercoagulability, both surgical and medical, add to the
increased incidence of thromboembolic events in patients with
a malignancy. The clinical presentation of a patient in a proco-
agulant state is not always predictable and the spectrum ranges
from subclinical thrombophilia sometimes evidenced only by
laboratory abnormalities in coagulation studies, or present with
fatal pulmonary embolism or stroke. Clinicians have advocated
the use of risk assessment models to stratify patients for better
screening and prompt institution of treatment. In this chapter,
we present a variety of primary venous thromboembolic (VTE)
manifestations of malignancy, the diagnosis and management
of complications related to such events.

Deep Venous Thrombosis

Venous thromboembolic disease can be broadly categorized
into deep venous thrombosis (DVT) and pulmonary embolism
(PE) and is thought to represent 1% of hospital admissions in
the US. In the general public, there are approximately 900,000
cases of VTE per year resulting in up to 300,000 deaths [3], and
is now the third most common cause of life-threatening cardio-
vascular disease in the United States. Although DVT and PE
are categorized separately, the underlying pathophysiology is
identical and represents two entities in the spectrum of VTE.
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Over the years, there has been an increase in overall
reports of VTE in cancer patients and can be attributed to an
increased awareness of risk and more patients undergoing
cancer treatments [4]. Population based studies have assessed
risk factors for development of DVT and demonstrated
malignancy as an independent risk factor in 18-34% of cases
[3, 5]. In fact, depending on the type of malignancy and pres-
ence of metastases, the risk of acquiring a first time venous
thrombosis rises up to seven fold (odds ratio 6.7; 95% confi-
dence interval, 5.2-8.6) [6]. When combined with additional
risk factors such as surgery, hospitalization, immobility, and
chemotherapy, the risk of DVT rises substantially. This has
been validated both in the US and Europe. A cohort study
from the UK estimated that incidence of venous thrombosis
for all types of cancer was 13.9 per 1000 person-years (95%
CI: 13.4-14.4) and up to 68 per 1000 person-years (95% CI:
48-96) among cancer patients with high-grade or metastatic
disease or those treated with therapeutic strategies that
increased thromboembolic risk [4, 7]. In another study by
Blom et al., patients with metastatic disease were 20 times
more likely to have a VTE than those with local disease, and
50 times more likely to have an event than controls without
cancer [6, 8].

Primary factors that contribute to development of throm-
bosis can be attributed to Virchow’s triad of hypercoagula-
bility, stasis and endothelial injury. In a healthy adult, small
thrombi form in the deep veins, however, an intact thrombo-
lytic system is able to prevent progression to a larger throm-
bus. When the thrombolytic system is overwhelmed or
impaired, this dynamic process is interrupted and leads to
larger thrombus formation that eventually may lead to clini-
cal symptoms.

Classification

Diagnosis of DVT is most commonly confirmed by ultra-
sound examination of the extremities, which demonstrates
echogenic intraluminal thrombus, which may be non-com-
pressible or partially compressible, with or without blood
flow (Fig. 11.1). Findings vary depending on the severity and
duration of occlusion. In the lower extremity, DVT can be
further subcategorized based on location—proximal DVT
such as those affecting the iliofemoral and popliteal veins
(see Iliofemoral) and distal DVT that are primarily below the
popliteal trifurcation affecting the calf and distal veins. In the
past, distal (below the knee) DVTs were thought to be clini-
cally insignificant and were not screened for in an asymptom-
atic patient. However, the rate of proximal extension of distal
DVTs has been debated, and there is evidence from smaller
studies to suggest that, in the short term, patients harboring a
malignancy with distal DVTs are still at high risk for PE and
recurrent VTE [9-12].
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Fig. 11.1 Grayscale images demonstrating echogenic, non-compress-
ible clot within the left femoral vein and peroneal veins

lliofemoral

Acute iliofemoral DVT is defined as complete or partial
occlusion of the iliac vein and/or the common femoral vein
that has been present for less than 14 days [13]. The com-
monly described scenario involves compression of the left
iliac vein between the right iliac artery and a lumbar verte-
bral body (May Thurner Syndrome, Fig. 11.2). The distinc-
tion between iliofemoral and a more distal DVT (e.g.
infrapopliteal) is important, as the latter group is more ame-
nable to endogenous recanalization and development of col-
lateral circulation. An occluded iliac or proximal femoral
vein rarely recanalizes and leads to chronic venous outflow
obstruction [14]. Increased incidences of post-thrombotic
syndrome (discussed below), valve incompetency leading to
venous reflux and claudication, poor physical functioning
and worsening quality of life have all been reported [15].
Due to serious long-term complications, identification of this
particular entity is important as management varies from a
popliteal DVT (discussed under treatment).

Complications

Although pulmonary embolism is the most feared complica-
tion of DVT, long-term complications such as post-throm-
botic syndrome (PTS) and to a lesser extent chronic pulmonary
hypertension are also debilitating. PTS is reported in 20-50%
of patients even with appropriate treatment [16, 17] and is a
constellation of findings wherein patients present with chronic
limb pain, swelling, cramping, heaviness, edema and in
extreme cases, venous ulcers. Recurrent DVT is an additional
complication of VTE with an approximately 30% 10 year
recurrence rate, with the highest recurrence occurring within
the first 6 months [18]. A population cohort study of residents
in Olmsted County, MN by Heit et al. evaluated effectiveness
of anticoagulation and reported that active cancer was the
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Fig. 11.2 Eighteen year old
female who originally
presented with left lower
extremity swelling and
suspicion for May Thurner
syndrome presents again with
worsening swelling. Digital
subtraction angiography
images of the left common
iliac vein (LCIV) demonstrate
complete occlusion of the
LCIV at the confluence (black
arrow) and no flow of contrast
in the inferior vena cava.
There are multiple lumbar
collaterals (white arrows) that
drain centrally

only independent predictor of early VTE recurrence, with
about a three-fold increased hazard rate [19]. Another study,
utilizing the same cohort of patients, showed that malignant
neoplasms accounts for almost one fifth of all cases of VTE
in the community [20]. About 16% of active cancer patients
develop recurrence within 6 months compared to 4% of
patients with idiopathic VTE [18].

Presentation

The clinical presentation of DVT varies depending on the
site of thrombosis but classically, patients present with swell-
ing, pain and erythema of the involved extremity (Fig. 11.3).
There is significant overlap in presentation with other condi-
tions and differential considerations include cellulitis, mus-
culoskeletal strain or injury, superficial thrombophlebitis,
lymphatic obstruction and chronic venous insufficiency [21].
While patients with cancer are at highest risk for develop-
ing DVTs, finding a DVT in an otherwise “normal” patient
should not lead to a malignancy workup [22]. In the setting
of malignancy, however, patients are at highest risk for devel-
oping DVTs within the first few months of diagnosis [6].
For patients with large iliofemoral clot burden, acute
phlegmasia may be a rare but potentially fatal presentation
with evidence of arterial insufficiency due to severe venous
outflow obstruction. There is evidence of marked swelling

Fig. 11.3 Right lower extremity acute DVT. Note swelling, erythema
and skin changes
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Fig. 11.4 Color Doppler images of the peroneal vein (“distal DVT”)
demonstrating no color flow (fop image). Spectral Doppler tracing
reveals no waveforms compatible with occlusive thrombus

and discoloration, which eventually leads to compartment
syndrome, arterial compromise and venous gangrene.
Malignancy is the most common risk factor in patients pre-
senting with phlegmasia cerulea dolens [23].

Diagnosis

Diagnosis of DVT should initially start with a clinical prob-
ability assessment such as the Wells score [24] or the Geneva
score [25]. D-dimer is a degradation product of a cross-linked
fibrin clot frequently used an adjunct laboratory marker and
in combination with a low pre-test probability, has a high
negative predictive value for isolated DVT [11]. For periph-
eral extremity DVT, venous ultrasound with compression
has remained the mainstay of noninvasive imaging and has
largely replaced venography (Figs. 11.4, 11.5, and 11.6). For
the deep pelvic veins, however, ultrasound is limited by poor
acoustic windows and in these scenarios CT, or less com-
monly MR venography offers a more sensitive evaluation
(Fig. 11.7). Catheter-based diagnostic venography is rarely
used, though this technique was the historical gold standard
for diagnosis (Fig. 11.8). Catheter venography is still used in
preparation for catheter based intervention.
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Fig. 11.5 Color Doppler image of the popliteal vein demonstrates
echogenic thrombus within the vein (arrow). Color flow is demon-
strated in the adjacent popliteal artery

Treatment

The treatment algorithm of venous thromboembolic disease
is aimed at preventing pulmonary embolism, to decrease the
risk of clot propagation, DVT recurrence and post-throm-
botic syndrome. Treatment can be broadly categorized as
medical, surgical or catheter directed. Surgical thrombec-
tomy is reserved for very few scenarios (see iliofemoral).

Medical
Pharmacologic approach classically has involved initia-
tion of IV heparin such as unfractionated heparin (UFH),
a mixture of sulphated glucosaminoglycans that binds to
antithrombin (AT), and inactivates several clotting factors
(Xa, IXa, Xla, XIIa) including thrombin (factor ITa). In
the unfractionated form, UFH contains polymers of sev-
eral lengths and weights that are not fractioned with non-
specific binding affinities to endothelial cells and platelets.
This contributes to its unpredictable pharmacokinetics and
increased incidence of side effects. Low molecular weight
heparin (LMWH) on the other hand is the fractionated form
that is derived from UFH by depolymerization, with a more
predictable dose-response and fewer side effects. Although
UFH had been used for several decades, the improved and
desired safety profile and equal effectiveness of LMWH has
mostly replaced UFH. Vitamin K antagonist (VKA), mainly
warfarin, is the most common anticoagulant used for preven-
tion and long-term treatment of VTE. The main disadvan-
tages include slow onset of action, various interactions with
food and other drugs, narrow therapeutic window and need
for close monitoring. Patients can easily under treat or over
treat and adverse effects can be fatal if compliance is not
strict, both by providers and patients.

Newer generation of anticoagulants have been developed
to increase the safety and efficacy of systemic therapy, and tar-
get specific factors in the coagulation cascade. Fondaparinux
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Fig. 11.6 Non-compressible
and echogenic intraluminal
thrombus in the left greater
saphenous vein (GSV).
Although the GSV is
considered a superficial vein,
there should be a thorough
investigation as there is a high
incidence of concomitant
DVT, especially in those
patients harboring a
malignancy
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Fig. 11.7 Acute right iliac deep venous thrombosis on CT venogram. head). More distally, the right external ilia vein was compressed by
Intraluminal filling defect in the right iliac vein (white arrow) compared  exophytic bladder mass (blue arrow)
with appearance of normal iliac vein appearance on the left side (arrow-
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Fig. 11.8 Digital subtraction venogram from catheter in the right pop-
liteal vein shows abrupt filling defect in the femoral vein (arrow). Small
caliber, “immature” collaterals (arrowheads) suggest relative acuity of
the obstruction

inhibits factor Xa by binding to AT and is administered sub-
cutaneously as an alternative to LMWH. Rivaroxaban, edoxo-
ban and apixaban also inhibit factor Xa and dabigatran inhibits
thrombin and are all administered orally and referred to as non-
vitamin K oral anticoagulants (NOACs). There is now enough
evidence (RE-COVER, RE-COVER II, EINSTEIN DVT,
EINSTEIN PE, AMPLIFY, Holusai-VTE trials) [26-31] that
the newer oral anticoagulants are safer and equally effective,
that in the most recent AT10 guidelines, ACCP now recom-
mends NOACs over VKA therapy for patients with DVT of
the leg or PE and without cancer [32]. For patients with can-
cer, LMWH is still preferred over VKA and the NOACs [32].

Acute therapy should be aimed at prevention extension of
thrombus or PE, and should continue for a transient period
until the thrombus has recanalized or organized, or the “acti-
vated” inflammatory state has resolved [18]. ACCP has spe-
cific recommendations for various clinical scenarios, but
generally, medical therapy is continued for 3 months for
patients without cancer. In patients with DVT or PE and
active cancer (cancer-associated thrombosis), who do not
have high bleeding risk the recommendation is for extended

Fig. 11.9 Fluoroscopic spot image of the pelvis demonstrates an
EKOS infusion catheter placed in the left femoral, external and com-
mon iliac veins for catheter directed thrombolysis

anticoagulant therapy (no scheduled stop date) over 3 months
of therapy (Grade 1B) [32]. For cancer associated thrombo-
sis, LMWH is preferred over oral anticoagulants [32]. In the
setting of cancer-associated thrombosis, treatment for longer
than 3 months is recommended even for those patients with
high bleeding risk (Grade 2B), however, with periodic reas-
sessment [32, 33]. For extended therapy, there should gener-
ally be no need to change the choice of anticoagulant after the
first 3 months unless patient’s circumstances change [32, 33].

Catheter Directed Therapy

Catheter directed therapy can be divided into pharmacological,
mechanical and pharmacomechanical techniques. Pharmacologic
catheter directed therapy involves gaining catheter access to the
thrombosed vessel and administering thrombolytic medications
directly into the clot, usually alteplase (tPA). The advantage of
local delivery is the ability to achieve high concentrations of tPA
within the clot without high systemic concentrations, thereby
minimizing the risk of systemic bleeding complications. Catheter
directed thrombolysis (CDT) is usually administered via a mul-
tiside hole infusion catheter (Fig. 11.9).

Mechanical catheter techniques include clot disruption,
rheolytic aspiration, suction thrombectomy and stent-
assisted thrombectomy. Pharmacomechanical thrombolysis
refers to a combination of catheter directed thrombolysis in
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Fig.11.10 (a) 71F with
bilateral leg swelling and
pain. Bilateral iliac
venograms from catheters in
the common femoral veins
show chronic total occlusion
of both external iliac veins
(arrows). Collateral veins
(arrowheads) have formed in
an attempt to circumvent the
occlusions. (b) Bilateral
venograms after bilateral iliac
stent placement and
angioplasty show restored
venous flow without filling of
collaterals. Note the IVC filter
has been removed

conjunction with mechanical disruption or thrombectomy.
Result in experimental model indicates that ultrasound expo-
sure causes reversible disaggregation of the uncrossed linked
fibers into smaller fibers, which may alter flow resistance and
improve fibrinolytic therapy [34]. A subtype of pharmacom-
echanical thrombolysis is ultrasound-assisted thrombolysis
(UAST). In this technique, a catheter (Ekos catheter, Ekos,
Bothell, WA) is placed across the thrombosed vessel that
both infuses thrombolytic medications and delivers high fre-
quency, low power sound waves to loosen clot and expose
plasminogen receptor sites [35]. Once the acute thrombus is
removed, any underlying cause of obstruction can be treated
with angioplasty or stent placement (Fig. 11.10).

The main complications of CDT are related to major bleed-
ing risks such as intracranial hemorrhage and those extra-cra-
nial bleeds that are significant to require transfusions, cessation
of therapy, or cause death. In a pooled analysis the cumulative
major bleeding rate for CDT was reported to be 8% [35-37].
However, with lower doses of tPA gaining favor, rates of major
bleeding complications have been decreasing.

For patients with acute iliofemoral or proximal DVT,
ACCP recommends systemic anticoagulation as first line
therapy [32, 33]. However, due to long-term morbidity asso-
ciated with PTS, catheter directed thrombolysis techniques
are supported by the Society of Interventional Radiology
(SIR) for those patients who have acute iliofemoral DVT for
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<14 days, good functional status, and low risk of bleeding,
and in rare cases limb threatening venous compromise [32,
33, 37]. Both the SIR and AACP recognize the limitations of
published studies and available evidence. Therefore, an indi-
vidualized approach to stratify patients that may benefit from
CDT is recommended until further evidence is established
[32, 33, 37].

Pulmonary Embolism

Acute pulmonary embolism (PE) is the most feared compli-
cation of deep venous thrombosis. As mentioned earlier (see
DVT), most thrombi form in the deep veins of the calf, and
propagate proximally. PE is thought to be the sequela of
treated or untreated thrombi commonly in the proximal
lower extremity veins. Once thrombus is in the popliteal or
femoral veins, approximately 50% patients are at risk for
acute symptomatic pulmonary embolism [38]. A systemic
review demonstrated that up to 95% of PE are caused by
thrombus in the deep veins of the lower limbs [39]. Diagnosis
of PE is most commonly done with CT angiography of the
pulmonary artery (CTPA) (Fig. 11.11). In patients unable to
have a CT scan, a nuclear medicine ventilation/perfusion
scan (VQ) is most commonly used (Fig. 11.12). Catheter-

Fig. 11.11 Coronal projection from CT angiogram of the pulmonary
artery shows large filing defect (arrow) in the left main and lower lobe
pulmonary arteries

R.Ram and J. Kuban

based pulmonary arteriography is no longer used as a diag-
nostic modality but is performed as part of any catheter based
intervention (see treatment below).

A risk-based classification taking into account patient
presentation and morbidity stratifies PE as non-massive or
low-risk, submassive and massive.

Massive or high risk PE is defined as acute PE with sus-
tained hypotension (systolic blood pressure <90 mmHg for
at least 15 min or requiring inotropic support), not due to a
cause other than PE (i.e. arrhythmia, hypovolemia, sepsis, or
left ventricular dysfunction), pulselessness, or persistent pro-
found bradycardia (heart rate < 40 bpm with signs or symp-
toms of shock) [40]. Submassive PE is defined as acute PE
without systemic hypotension (systolic blood pres-
sure > 90 mmHg) but with either right ventricular (RV) dys-
function (RV dilation, brain natriuretic peptide elevation,
echocardiographic changes) or myocardial necrosis (elevated
troponin I or troponin T) [40]. The ratio of diameters of the
right ventricle to the left ventricle (RV:LV ratio) on CT is the
most commonly used metric for imaging evidence of right
heart dysfunction owing to its availability (Fig. 11.13). An
RV:LV ratio greater than 1 is a significant predictor of persis-
tent pulmonary symptoms and mortality at 3 months post
PE. Echocardiography can be used to further investigate
right heart function. Low-risk PE is defined as acute PE and
the absence of the clinical markers of adverse prognosis that
define massive or submassive PE [40]. The distinction is
important not only for risk stratification and morbidity but
also for management as discussed below.

Treatment

Systemic pharmacologic treatment for acute PE is dictated
by classification. Patients with low-risk acute PE are treated
with systemic anticoagulation alone. There is no role for sys-
temic lytic treatment in this group.

For patients in the massive or high risk PE group, prompt
aggressive therapy is warranted given an estimated 30%
mortality for patients with acute PE and hypotension [41].
All patients in this group should be started on weight based
heparin infusion with bolus dose, except where absolutely
contraindicated. Current ACCP guidelines recommend
administration of systemic thrombolytic therapy if no con-
traindication exists [32, 33]. Current guidelines are based on
multiple randomized trials [42, 43], as well as analysis show-
ing thrombolysis improves pulmonary arterial pressures,
oxygenation, and pulmonary perfusion [44].

A meta-analysis by Wan et al. analyzed 11 randomized
trials comparing heparin alone to heparin and systemic
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Fig. 11.12 Posterior
projections of a high risk
ventilation perfusion scan.
The right images shows
physiologic disruption of
ventilator tracer. Image on the
left shows multiple peripheral
areas of decreased lung
perfusion (arrows) indicating
pulmonary embolism

LUNG AEROSOL VENT 2/26/201 LUNG PERF 2/26/2014

Gmm—
‘.'I‘.

Lt Posterior Rt

Lt Posterior Rt

(B:0%,T:100%)

(B:0%,T:100%)

Fig. 11.13 Axial image from CT of the chest and abdomen in a
patient with acute pulmonary embolism. The right ventricle (white
arrow) is dilated and is larger in diameter than the left ventricle
(blue arrow). The RV:LV ratio is 2.1, indicating severe right heart
strain. The normally convex intraventricular septum (with respect
to the ventricle) is flattened and slightly bowed toward the left
ventricle (arrowhead)

thrombolysis, involving 748 patients with acute PE [45].
There were no significant differences in recurrent PE/death
or major bleeding complications in an unselected population.
However, in trials that enrolled patients with high-risk PE,
patients treated with systemic thrombolysis and heparin had
a significantly less recurrent PE or death compared to patients
treated with heparin alone (9.4% vs. 19%, OR 0.45 95% CI
0.22-0.92). In most centers, administration of systemic
thrombolytic therapy for acute high-risk PE is standard of
care, except where contraindicated. Contraindications to sys-
temic thrombolysis are the same as those encountered for
acute ischemic stroke and ST segment elevation MI. Of par-
ticular note is that cancer itself does not present a contraindi-
cation to systemic thrombolysis.

For patients in the sub-massive or intermediate-risk group,
current ACCP guidelines (2016) do not recommend treatment
with systemic thrombolysis for most patients with intermedi-
ate-risk PE [33]. However, more recent trials addressing this
issue have been completed and are worth consideration. The
PEITHO trial, conducted by Meyer et al., was a randomized
double-blind trial comparing treatment with heparin alone vs.
heparin plus systemic thrombolysis for 1006 patients with
intermediate-risk PE, specifically defined in this trial as RV
dysfunction on imaging AND evidence of myonecrosis via a
positive troponin test [46]. Patients treated with systemic
thrombolysis had a significantly decreased incidence of the
composite endpoint death/hemodynamic collapse compared
with heparin alone (2.6% vs. 5.6%, p = 0.015). It is worth
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noting that there was no significant difference in mortality
alone. Patients treated with systemic thrombolysis did have
increased incidence of major bleeding compared with the
patients treated with heparin alone (11.5% vs. 2.4%,
p < 0.0001), including a 2.0% rate of hemorrhagic stroke in
the thrombolysis group. A recent meta-analysis by Goa et al.
analyzed prospective randomized controlled trials of patients
with intermediate-risk PE treated with systemic thromboly-
sis, including PEITHO and seven additional trials encom-
passing 1755 patients [47]. Patients treated with systemic
thrombolysis and heparin had significantly lower mortality
than patients treated with heparin alone (1.39% vs. 2.92%,
RR 0.52; 95% CI 0.28-0.97). However, as shown in the
PEITHO trial, this decrease in mortality was at the expense of
increased major bleeding events in the group treated with sys-
temic thrombolysis (7.8% vs. 2.28% RR 3.35; 95% CI 2.03—
5.54). It is worth noting that one of the randomized trials
included in the study (MOPETT trial, Sharifi et al.), showed
that compared with heparin alone, patients treated with low-
dose systemic tPA (50 mg rather than 100 mg) and heparin
had decreased incidence of recurrent PE, pulmonary hyper-
tension, and length of hospital stay without a significant
increase in major bleeding complications [48].

Further studies are needed to evaluate the impact on mor-
tality of low dose systemic tPA as well as to identify predic-
tive factors for subgroups of patients with submassive PE
who will benefit most from systemic thrombolysis.

Catheter Directed Therapy

Catheter directed therapy (CDT) includes catheter based throm-
bolysis, pharmacomechanical thrombectomy and mechanical

thrombectomy (Fig. 11.14). CDT has proven to be useful in
patients with acute PE and systemic hypotension (massive or
high-risk PE), particularly when there is a relative or abso-
lute contraindication to systemic thrombolysis. In a system-
atic review by Kuo et al., six prospective and 29 retrospective
uncontrolled studies were identified in which catheter directed
therapy was used to treat 594 patients with acute high-risk PE
[49]. Clinical success, defined as stabilization of hemodynam-
ics, resolution of hypoxia and survival from massive PE, was
achieved in 86.5% of patients, with 2.4% of patients experienc-
ing major complications. It is worth noting that 96% of patients
in this analysis did not receive systemic thrombolysis, while
66% of patients received thrombolytic during catheter directed
therapy, presumably at a low dose. Although uncontrolled,
the results of this analysis are favorable when compared
with historical rates of survival (77%) and major hemorrhage
(22%) following systemic thrombolysis and to overall mortal-
ity from acute high risk PE (30%) [41]. Therefore, catheter
directed therapy for acute high-risk PE should be considered
in cases where there is a relative or absolute contraindication
to systemic thrombolysis or in the case of ineffective systemic
thrombolysis.

Multiple recent prospective, randomized clinical trials
have shown that treatment of patients with intermediate-
risk (submassive) PE with systemic thrombolysis and hepa-
rin significantly improves patient mortality, RV function,
risk of recurrent PE and hemodynamic collapse compared
with patients treated with heparin alone [46—48]. However,
this benefit comes at the expense of a significant increase in
major bleeding complications, including >2% risk of
hemorrhagic stroke. It has been postulated that catheter
directed therapy, specifically catheter directed ultrasound
assisted thrombolysis (USAT), can achieve the same benefit

Fig. 11.14 (a) 53F with history of colon cancer presents with hypoxia
and hypotension. Axial CT angiogram of the pulmonary artery shows
thombus in the right main pulmonary artery (arrow). (b) Pulmonary
angiogram showing corresponding filling defect in the right pulmonary
artery (arrow) causing total absence of flow to the right lung and
increased right ventricular afterload. Note the enlargement of the con-

trast-opacified main pulmonary artery (arrowhead). (¢) After mechani-
cal clot disruption, there is restored flow to the right lung. This caused
an immediate reduction in pulmonary resistance and prevented acute
right heart failure. Multiple filling defects remain, particularly in the
right upper lobe. These were further treated with catheter directed
thrombolysis
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in these patients with lower systemic doses and bleeding
complications. The SEATTLE II trial by Piazza et al. was a
prospective non-controlled study of UAST in patients with
high-risk and intermediate-risk PE [50] where a total of
24 mg of tPA was administered via the Ekos catheter in 150
patients. This study found significant decreases in RV
strain, pulmonary pressure and pulmonary artery obstruc-
tion compared with baseline. Importantly, there were no
intracranial hemorrhages and a 10% rate of major hemor-
rhage. Multiple additional non-controlled studies have
found efficacy of catheter directed therapy for intermedi-
ate-risk PE with low rates of bleeding [51-53]. In the only
prospective controlled randomized trial (Ultima trial),
Kucher et al. randomized 59 patients with intermediate-risk
PE to heparin alone vs. heparin with USAT (10-20 mg
tPA). Significant improvements in right heart strain, as
measured by RV/LV ratio, were seen in the USAT group
compared with heparin alone (1.28-0.99 vs. 1.20-1.17,
p < 0.001). Significantly, there were no major bleeding
events or deaths in the USAT group [54]. Although not cur-
rently recommended for most patients with submassive or
intermediate risk PE [32], these more recent studies sup-
port the claim that catheter directed therapy can deliver
similar cardiovascular benefit as systemic thrombolysis
with significantly fewer bleeding complications. As such,
catheter directed therapy should be considered in the treat-
ment algorithm for patients with intermediate risk PE.

IVC Filter

IVC filters have been placed for over 40 years since the
Greenfield filter was first introduced in 1973. The original fil-
ter was conical in shape, which helped trap clot within its cen-
tral seams while still providing enough caval blood flow [55,
56]. There have been several filters that have adopted a similar
design and several others that are entirely different in shape
(Figs. 11.15 and 11.16). However, all filters are designed to
primarily prevent significant PE by trapping venous emboli
originating from the deep veins of the lower extremity.

The PREPIC trial was the first randomized control trial to
evaluate the effectiveness of IVC filters [55, 57], which dem-
onstrated a statistically significant 78% reduction in the risk
of an acute pulmonary embolic event [57]. A follow up study
8 years after filter placement revealed a statistically signifi-
cant 6.2% reduction in symptomatic PEs, however, with a
35% increased risk of symptomatic DVT in the filter group
[57]. More recently, PREPIC 2 randomized trial found that
even in high risk patients who are anti-coagulated systemi-
cally, placement of an IVC filter for 3 months actually did
not reduce recurrent PE, including fatal PE [32, 58]. In the
Olmsted cohort study, IVC filter placement increased the
risk of VTE recurrence by almost 50%, and one third of early

Fig. 11.15 Retreivable infrarenal IVC filter. Note the hook on the
superior tip of the filter (arrow) to facilitate endovascular retreival

recurrences were related to PE [19]. In light of DVT compli-
cations, placement of IVC filters has been controversial and
highly debated topic.

There have been no randomized controlled trials that have
demonstrated superiority of a particular filter. However, modern
filters have evolved to be less thrombogenic, less prone to break-
age, and are MRI compatible [56]. There are two broad groups
of IVC filters: retrievable and permanent. Permanent filters have
been available for several years and are placed in patients who
have lifelong risk of PE [55, 56]. Complications related to long-
term filters and need for short-term prophylaxis, has resulted in
a rise in placement of retrievable filters [55]. Subgroup of
retrievable filters includes temporary filters (must be retrieved)
that are tethered to the skin by a wire/catheter, and optionally
retrievable filters that can be left in situ as a permanent device
[55]. More recently, there has been a dramatic shift towards
placement of retrievable/optional filters as they offer flexibility
of retrieval if clinically indicated [59]. The ideal time frame for
filter retrieval is within the first 3 months. However, it is possible
to remove filters that have been in for much longer time periods,
in some cases up to 10 years. Chronic indwelling filters, or fil-
ters with significant tilting of the tip, usually require retrieval
with endovascular forceps (Fig. 11.17) or laser assisted.
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Fig. 11.16 Permanent infrarenal IVC filter. In addition to conical
shape, permanat filters do not have a retreiveal hook and have more
contact with the caval wall

Majority of IVC filters for lower extremity DVTs are
placed in an infra renal location. Suprarenal IVC filters are
also placed, however, should be performed judiciously in
select patients with specific indications due to a shorter length
of the suprarenal IVC, and theoretical risk of filter induced
renal vein thrombosis and subsequent renal failure. Recent
retrospective evidence however, supports the original finding
from Greenfield that suprarenal filters are equally effective in
preventing PE without added risk of complications compared
to infra-renal filters [60, 61]. Filters have also been placed for
upper extremity DVTs that occur in the axillary, subclavian,
brachiocephalic veins or SVC (Fig. 11.18). Although upper
extremity DVTSs are rare and are less likely to result in PE, if
indicated, filters can be placed in the SVC just distal to the
confluence of brachiocephalic veins, albeit with a slightly
higher rate of complications such as caval perforation (4% in
the SVC compared to 0.5% in the IVC) [62].

Indications for placement of both therapeutic and prophy-
lactic IVC filters have been formulated by the American

Fig. 11.17 Endobronchial forceps (white arrow) used to grasp a
retrievable filter that had been indwelling for 3 years. The forceps are
used to stabilize the filter as vascular sheath is advanced over the for-
ceps and filter to collapse the filter legs and ultimately free the filter
from the caval wall. Note this is an off-label use of endobronchial
forceps

College of Radiology ACR/Society of Interventional
Radiology (SIR) and are similar to those recommended by the
American College of Chest Physicians (ACCP). The 10th edi-
tion of Antithrombotic guidelines (AT 10) from the ACCP
however, recommended against placement of an IVC filter as
primary prophylaxis for any patient or for VTE treated with
anticoagulants [33]. Although filters have been around for sev-
eral years, lack of significant level I evidence for IVC filter
placement and research questions remain to be addressed.
Nevertheless, there are several circumstances such as preg-
nancy, and trauma where a filter has shown significant benefit.
In the setting of malignancy, however, the evidence is mixed.
Filters still offer protection for PE related mortality, however,
the stage of disease and type of cancer also questions the valid-
ity of placement in patients with advanced disease who suc-
cumb to the cancer earlier [63]. In one study that included 116
patients with malignancy, 46% of patients with stage IV dis-
ease who had a filter placed died of cancer within 6 weeks, and
only 14% of patients were still alive after 1 year [64]. However,
another study at a major cancer center examined 308 patients
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Fig. 11.18 Superior vena cava filter

with cancer and VTE, and found substantial mortality benefit
for those patients with IVC filters in preventing PE-related
deaths [65]. Given the controversy and lack of significant level
1 evidence, an individualized approach taking into account the
stage and prognosis will likely offer the most benefit.
Additional filter complications include filter tilt, fracture,
migration, embolization, caval wall perforation, IVC steno-
sis/occlusion and in some cases PTS (Figs. 11.19, 11.20, and
11.21). In response to growing complications, in 2010 the
FDA issued a medical device Alert and Notice titled
“Removing Retrievable Inferior Vena Cava Filters: Initial
Communication,” in which it cited concerns that retrievable
filters are not retrieved after the patients’ risk profile for PE
has diminished, resulting in increased complications. The
FDA recommended all physicians carefully evaluate patients
for filter retrieval at regular intervals and prudent decision-
making is imperative for any patient who receives a filter.

Superior Vena Cava Syndrome

Superior vena cava (SVC) syndrome was first described by
William Hunter in 1757 and is a clinical manifestation of
compression of the SVC, originally described in a patient
with a syphilitic aortic aneurysm [66]. Compression may be
extrinsic of the SVC itself, or of the greater veins emptying
into the SVC. Although infectious causes accounted for a
majority of the cases when originally described, over the last

Fig.11.19 Coronal CECT showing indwelling IVC filter (arrow) with
filter associated IVC and iliac thrombosis (arrowheads)

Fig. 11.20 Digital subtraction cavogram demonstrating intraluminal
thrombus in and around the IVC filter
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Fig.11.21 (a) Coronal
CECT showing perforation of
the IVC by filter strut. The
strut extends into the aorta
and results in aortic
pseudoaneurysm (arrow). (b):
3D reconstruction of
aortogram after placement of
aortic stent graft (bracker)
with successful exclusion of
the pseudoaneurysm. Filter,
with perforated strut (arrow)
was then successful removed

few decades SVC syndrome is most often a result of a malig-
nant process in the thorax, most commonly lung cancer [67]
and up to 35% of cases are due to non-malignant causes
mostly secondary to use of intravascular devices resulting in
thrombotic occlusion [68]. Once the SVC is occluded,
venous return is impaired and alternate pathways mainly the
azygous venous system, internal mammary/epigastric sys-
tem, and superficial subcutaneous venous system act as col-
lateral pathways (Fig. 11.22).

Early recognition of presentation of SVC syndrome is
crucial since cerebral edema can be fatal if not treated
promptly. Diagnosis is most often apparent by clinical
assessment; however, CT of the chest with contrast offers a
more sensitive evaluation of the etiology and in some cases
MRI may be used if contrast medium is not tolerated. The
constellation of signs and symptoms include edema of the
head, neck and upper extremities, distention of subcutaneous
vessels in the upper thorax, head and neck, laryngeal and
nasal edema, and rarely cerebral edema [67]. Unless abso-
lutely emergent, diagnosis of the underlying cause should be
first established with tissue sampling or cytological analysis.
Prognosis and survival in these patients are primarily related
to the underlying cause of obstruction.

Management of SVC syndrome depends on the underly-
ing cause of obstruction and acuity of presentation. A scor-
ing system has been developed in order to stratify patients
based on symptom severity and help guide management [69,
70] (Table 11.1).

Radiation therapy has been used since the 1970s used for
emergent, palliative or definitive therapy. Emergency radio-
therapy is started without histologic diagnosis when patients
present acutely with severe symptoms [71]. In some cases of
malignant obstruction from lymphoma or lung cancer, frac-
tionated radiotherapy has shown to improve clinical symp-
toms with relief noted as early as 3—4 days in some patients
[72]. In other cases, chemotherapy may be preferable if there
is prior histologic diagnosis and the tumor is chemosensitive
(e.g. small cell lung cancer, non-Hodgkin’s lymphoma, germ
cell tumors). However, more recently percutaneous stent
placement, if feasible, has become the first line of treatment
especially for those patients with malignant obstruction and
results in immediate symptomatic relief when compared to
emergent radiation. Radiation therapy and/or chemotherapy
generally follows stent placement in the emergent setting,
however, in the non-emergent setting may precede stent
placement. Stent placement was introduced in the 1980s and
has been refined over the years to reduce complications
related to stent migration [73]. A prospective study by Gwon
et al. reported a 94% patency rate for covered stents vs. 48%
patency for non-covered stents over a 12-month period [74].
Despite this, non-covered stents are most often used owing to
anatomic considerations when covered stents may cover col-
lateral pathways or contralateral venous drainage. Although
no randomized control trials exist to prove superiority of
stenting compared to alternative therapies, there are several
smaller case reports and studies that have established long
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Fig. 11.22 (a) 61F with PET
avid non-small cell lung
carcinoma in the right upper
lobe. (b) Patient developed
face/arm swelling and
shortness of breath while
laying down 6 months after
right upper and middle
lobectomy. She was found to
have mediastinal recurrence.
Digital subtraction angiogram
from both arms show patent
subclavian veins (blue
arrows). There is no flow into
the superior vena (white
arrow). There is filling of
multiple collateral venous
pathways (blue arrowheads).
(¢) Restoration of antegrade
flow from the right subclavian
vein to the heart after
placement of 22 mm
wallstent. Patient’s symptoms
resolved

Table 11.1 Superior vena cava (SVC) syndrome

Grade Category Estimated incidence (%) Definition*

0 Asymptomatic 10 Radiographic superior vena cava obstruction in the absence of symptoms

1 Mild 25 Edema in head or neck (vascular distention), cyanosis, plethora

2 Moderate 50 Edema in head or neck with functional impairment (mild dysphagia,
cough, mild or moderate impairment of head, jaw or eyelid movements,
visual disturbances caused by ocular edema)

3 Severe 10 Mild or moderate cerebral edema (headache, dizziness) or mild/moderate
laryngeal edema or diminished cardiac reserve (syncope after bending)

4 Life-threatening 5 Significant cerebral edema (confusion, obtundation) or significant
laryngeal edema (stridor) or significant hemodynamic compromise
(syncope without precipitating factor, hypotension, renal insufficiency)

5 Fatal <1 Death

2Adopted from Yu et al. [70]

term success with minimal complication rate. Major compli-
cations include stent migration, bleeding, pericardial tampon-
ade, pulmonary edema and pulmonary embolism [75].
Although stenting has changed management over the last
few decades, not every patient is a candidate. Until further
evidence is established, stent placement should be reserved
for patients who have significant, life style altering symp-
toms that are either too great to wait for chemotherapy or
radiation or who do not respond to these modalities. In gen-
eral stenting should be avoided or used as a last resort in

patients with a good chance of recovery and longer life
expectancy, to prevent long-term complications such as stent
occlusion [75]. In these patients, primary angioplasty with
local catheter directed thrombolytic therapy and early insti-
tution of systemic anticoagulation is generally preferred
[75]. Adjunct therapies to alleviate symptoms include head
elevation, supplemental oxygen, diuretics and corticosteroids
to decrease laryngeal and cerebral edema [73]. As with most
interventions, approach to patient selection for the appropri-
ate mode of therapy is vital in improving overall outcomes.
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Splanchnic Vein Thrombosis and Stenosis

Splanchnic venous thrombosis (SVT) is an uncommon yet
potentially fatal manifestation of VTE. The splanchnic sys-
tem encompasses the hepatic veins, and the portal circula-
tion. Primary presentations of SVT are Budd-Chiari
syndrome, portal vein thrombosis (PVT) and mesenteric
vein thrombosis (MVT) with the PVT and MVT constituting
the majority of cases.

Risk factors of SVT include cirrhosis, and abdominal
malignancies (mainly gastrointestinal, pancreatic or hepato-
biliary system) present in 34% and 31% of PVT patients,
respectively [76, 77]. In the last few decades, myeloprolif-
erative neoplasm has accounted for a majority of SVT cases
[76]. A gain-of-function mutation of the tyrosin-kinase JAK2
(JAK2V617F), has also been strongly associated with devel-
opment of both myeloproliferative neoplasm and SVT [76,
78-80]. A recent meta-analysis found a prevalence of JAK2
mutation of 32.7% (95% CI, 25.5-35.9%) in patients with
known SVT, and also reported a strong association between
JAK?2 mutation and the development of SVT (OR 54; 95%
CI, 13-222) [76, 80]. Given the strong association, periph-
eral blood screening for JAK2 mutation is recommended in
patients with idiopathic SVT [81].

Clinical presentation of SVT patients varies depending on
the size and extent of thrombosis, vessels involved, chronic-
ity of thrombosis and presence of bowel wall ischemia.
Acute SVT presents with nausea, vomiting, diarrhea and
sudden onset, colicky, mid-abdominal pain sometimes with
signs of bowel infarction and peritonitis in up to two thirds of
patients [82, 83]. In the subacute form, abdominal pain con-
tinues for days to weeks, however, without significant risk of
bowel infarction. In the chronic setting of slow and progres-
sive portal vein stenosis, most commonly from pancreatic
cancer, patients do not complain of pain and present with
nonspecific symptom of several months duration, and is
sometimes even diagnosed incidentally. When the portal or
splenic vein is severely stenosed or thrombosed, patients
may have signs of portal hypertension including splenomeg-
aly, ascites, hypersplenism and upper or lower GI bleeding
from esophageal and mesenteric variceal hemorrhage,
respectively [82]. Elevated mesenteric venous pressures can
also cause bowel wall edema, which can result in malabsorp-
tion, weight loss and diarrhea. Distinguishing venous hyper-
tensive bowel dysfunction and chronic mesenteric arterial
ischemia is key in patients where tumors may be compress-
ing both the SMA and the SMV.

Diagnosis of SVT is challenging since the clinical presen-
tation overlaps with several other abdominal conditions;
however, given a high mortality rate, a high degree of suspi-
cion in patients with abdominal malignancy remains crucial
to avoid delays in diagnosis. Doppler ultrasonography is
excellent at depicting thrombus in the proximal portal,

hepatic and mesenteric veins, however, it is highly operator
dependent and may be obscured by shadowing artifacts from
bowel gas. CT has been a widely established technique
excellent at defining extent of bowel involvement, depicting
bowel wall thickening, abnormal wall enhancement, filling
defects in the vasculature and collateral circulation [84].
Late findings of pneumatosis and portal venous gas are
sometimes seen radiographically, however, CT is excellent at
ruling out other conditions that can cause abdominal symp-
toms (Fig. 11.23). CT can have false negatives if the throm-
bus is in a smaller, distal branch or related to suboptimal
contrast timing opacifying the venous circulation. Mesenteric
angiography is rarely performed as a diagnostic procedure
and is reserved for those patients with a high suspicion of
venous thrombosis with an intention to treat.

Treatment of SVT is not straightforward due to the chal-
lenging and complicated nature of affected patients and low
level of evidence and lack of controlled trials. Several
patients have underlying cirrhosis and the chronic form of
SVT present with variceal bleeding, anticoagulation is not
always indicated. However, if there are no major contraindi-
cations, anticoagulant therapy with LMWH or UFH along
with Vitamin K antagonists is recommended for those pre-
senting with acute symptomatic thrombosis [32, 76, 85].
More recently, direct thrombin inhibitors such as rivaroxa-
ban has also been a cost effective alternative therapeutic
option for those patients with preserved renal function. In
general, treatment is recommended for at least 3 months, but
in cases of un-resolving SVT for those patients in a persis-
tent procoagulant state, the treatment is continued indefi-
nitely. Acute SVT with evidence of ischemic bowel warrants
immediate surgical management.

Given the risks associated with systemic thrombolysis,
endovascular techniques for local thrombolysis is preferred
for selective patients. Catheter directed thrombolysis, aspira-
tion thrombectomy and stent placements have been described
in several small case series’ [86-94] for portal venous and
mesenteric venous thrombosis (Fig. 11.24) with good long-
term clinical success rates [95]. Pharmacological thromboly-
sis is performed with both urokinase and r-tPA with feared
complications such as vessel perforation, worsening bowel
ischemia, and gastrointestinal bleeding vary significantly,
however, meticulous approach and technical improvements
over the years have minimized major complications. Indirect
methods such as intra-arterial infusion via the superior mes-
enteric artery (SMA) have also been performed, however,
only in select patients with small venous thrombus burden,
with longer infusion times and a larger dose of local throm-
bolytic [96, 97]. In patients with symptomatic portal vein
stenosis, most commonly from tumor compression or after
transplant, portal vein stenting is effective at reducing symp-
toms, thought have moderately high rates of stent thrombosis
(43% at 16 months) [98].
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Fig. 11.23 (a) A Sixty-six
year old male with cirrhosis,
ascites presents with
worsening abdominal pain.
CT Abdomen with IV
contrast shows occlusion of
the extra-hepatic main portal
vein. (b) CT Images of the
lower abdomen in the same
patient shows ileo-cecal
pneumatosis, a sign of
mesenteric ischemia. (c¢)
Digital subtraction angiogram
from transplenic venous
access. Total occlusion of the
portal vein (blue arrow)
results in diminutive superior
mesenteric vein (white arrow)
and filling of esophageal and
gastric varices (black arrow)
via the coronary vein.
Catheter directed
thrombolysis was performed.
(d) Venogram after
transplenic catheter directed
thrombolysis shows improved
filling of the SMV with
hepatopetal flow and filling of
the portal vein. Filling defect
in the portal vein persists
(arrow), however, there is
decreased filling of varices

Fig. 11.24 (a) A 59 M with locally advanced pancreatic cancer caus-
ing occlusion of the main portal vein (blue arrow). Patient developed
increasing ascites (blue arrowhead).(b) Transhepatic angiogram from
the superior mesenteric vein showing no flow into the portal vein (white
arrow). Elevated venous pressures result in varices and cavernous trans-

formation of the portal vein (white arrowheads). An intraperitoneal
drainage catheter (blue) was placed prior to transhepatic access. (c)
Resotration of hepatopedal flow after placement of self-expanding
metallic stent. Patients ascites volume decreased substantially
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Abstract

Cardiac magnetic resonance (CMR) imaging plays a pivotal role in the investigation and
diagnosis of cardiac masses. In this chapter, we will present some illustrative cases.
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Introduction

Primary cardiac tumors are uncommon (0.02-3%) [1, 2].
Cardiac masses and pseudomasses represent a diagnostic
challenge to multiple imaging modalities. Echocardiography,
cardiac magnetic resonance (CMR), and computed tomogra-
phy (CT) are very important for detection of cardiac masses.
Most primary cardiac tumors are benign [1]. Atrial myxoma
is a benign tumor and by far the most common primary car-
diac tumor while the majority of primary malignant cardiac
tumors are angiosarcomas in adults or rhabdomyosarcomas
in children. It is important to remember that cardiac metas-
tases are 10—40 times more frequent than primary cardiac
tumors, melanoma being the most common tumor preferen-
tially metastasize to the heart [2].

Most cardiac masses are initially detected by echocar-
diography, which is a first line modality for imaging of the
heart for a variety of conditions. However, echocardiography
has several limitations: poor image quality in those with dif-
ficult acoustic windows, limited field of view, and limited tis-
sue characterization [1, 2]. Cardiac MR (CMR) has become
the modality of choice in this setting because of its excellent
spatial resolution, ability to obtain multiple imaging planes,
precise localization, and excellent tissue characterization
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which allows a more comprehensive characterization of the
mass and aids in generation of a differential diagnosis.

Role of CMR in the Evaluation of Cardiac
Masses

The excellent soft tissue definitions that CMR provides
allow clear delineation of the myocardium, pericardium and
vascular structures, which facilitates the identification of
abnormal mass. In addition, tissue characterization by CMR
can assist in generating a differential diagnosis, and can dis-
tinguish different types of cardiac tumors. Tissue character-
ization is done by imaging the mass using a variety of
different MR sequences (e.g. T1 weighted, T2 weighted,
first pass perfusion or delayed contrast enhancement), which
can assist in generating a differential diagnosis of cardiac
masses (Table 12.1).

Typical magnetic resonance protocol used in assessment
of cardiac masses consists of:

1. Multiplanar locator in order to know the position of the
heart in the thorax.

2. Functional sequences, cine-MRI, of “bright blood” based
on gradient echo, (fast imaging with steady-state preces-
sion, SSFP). They are sequences with mixed T2 and T1
weighting (T2/T1), with great differentiation in the signal
intensity of the blood and the myocardium, which facili-
tates the detection of intracavitary lesion.
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Table 12.1 CMR characteristics of cardiac masses

Cardiac mass

T 1 Weighted

T2 Weighted

Post contrast

Myxoma

Isointense, heterogeneous

Hyperintense, heterogeneous

Heterogeneous enhancement

Papillary fibroelastoma

Isointense

Slightly hyperintense

Hyperintense

Rhabdomyoma Iso- or hyperintense Slightly hyperintense Hypointense or isointense
Fibroma Iso- or hyperintense Hypointense Hyperintense
Hemagioma Isointense Hyperintense or heterogeneous | Hyperintense or heterogeneous
Paraganglioma Iso- or hypointense Hyperintense Hyperintense
Intravenous leiomyomatosis Isointense Isointense Heterogeneous
Bronchogenic cyst Hypointense Hyperintense None
Angiosarcoma Isointense, with hyperintense Iso- or hyperintense Hyperintense

areas
Undifferentiated sarcoma Isointense Isointense Nonspecific
Rhabdomyosarcoma Isointense Isointense, heterogeneous Central nonenhancing areas
Osteosarcoma Hyperintense Hyperintense Nonspecific
Malignant fibrous histiocytoma Isonintense Hyperintense, heterogeneous Nonspecific
Leiomyosarcoma Isointense Hyperintense Nonspecific
Fibrosarcoma Isointense, heterogeneous Hyperintense Central nonenhancing areas
Lymphoma Hypo- or isointense Hyperintense Variable

Fig. 12.1 (a) Cine steady-state free procession in the four-chambers
view showing a prominent crista terminalis in the RA (black arrow)—a
normal structure in the right atrium that can appear as a cardiac mass on
echocardiography. (b) Cine steady-state free procession of Eustachian

3. Morphological and tissue characterization sequences
based on spin echo. T1 and T2 weighted sequences
will be obtained with or without fat suppression sequences.

4. First-pass perfusion during rapid IV administration of
gadolinium to assess for mass vascularity.

5. Late gadolinium enhancement (LGE) sequences
(T1-weighted sequences). They can be fast gradient echo
or phase-sensitive inversion-recovery (PSIR) sequences.
The inversion time for this sequence ranges from 150 to
300 ms. However, 500—600 ms inversion time is very use-
ful to identify thrombi.

Cardiac Pseudomasses

There are a number of normal structures that are not true
masses but can mimic a cardiac or paracardiac masses. The

valve showing a thin, mobile membrane (white arrow) extending from
the inferior vena cava into the right atrium. RV right ventricle, RA right
atrium, LV left ventricle, LA left atrium, AV aortic valve, IVC inferior
vena cava

most common of these is a right atrial pseudotumor pro-
duced by a prominent crista terminalis, which can appear as
a right atrial mass on echocardiography (Fig. 12.1a).

A prominent Chiari malformation or Eustachian valve
can also be mistaken as a right atrial mass; these can easily
visualized by CMR (Fig. 12.1b).

Extracardiac structures that can simulate cardiac pathol-
ogy include a large hiatal hernia that can compress the atria.
CMR is superior to echocardiography in identifying hiatal
hernia as a true extra-cardiac mass (Fig. 12.2).

Intracavitary Thrombi

The diagnosis of intracavitary thrombus may be suspected
from echocardiographic findings (such as LV apical location
or association with wall motion abnormality). However, it



12 Cardiac Masses

can occur within any cardiac chamber. By far intracavitary
thrombus is the most common intra-cardiac mass [3, 4]. Left
atrial appendage thrombus is most commonly associated
with atrial fibrillation [2].

Intraventricular thrombus usually occurs in the setting of
cardiomyopathy, because decrease contractility predisposes
to sluggish blood flow and can be a substrate for thrombus
formation as shown in Fig. 12.3.

CMR enables thrombus to be detected based on intrinsic
tissue characteristics related to avascular tissue composition.
CMR is more sensitive and specific than echocardiography
for detecting ventricular or atrial thrombi [3]. The sensitiv-
ity is significantly improved by administration of intrave-
nous contrast material. Post-contrast delayed enhancement
inversion recovery images with a long inversion time are
exquisitely sensitive for detection of even small thrombi [5].

Fig. 12.2 Showing an axial Cine steady-state free procession in the
chest with a large hiatal hernia (white arrows), which is compressing
upon left atrium. LA left atrium, LV left ventricle
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The long inversion time allows recovery of signal by vir-
tually all tissue except thrombus, which remains low in sig-
nal intensity and therefore dark on imaging as demonstrated
in Fig. 12.3.

Benign Primary Cardiac Tumors

Benign cardiac tumors are usually classified pathologically
according to histologic features. They can have an intracavi-
tary location and be attached to endocardium or myocar-
dium. They can also be intra-myocardial. Myxoma, papillary
fibroelastoma, and lipoma are the most frequent ones.

Myxoma

Cardiac myxoma is the most frequent primary cardiac tumor
(25-50%) [1]. The vast majority are sporadic and occur in
adults between 40 and 70 years of age. They are usually
asymptomatic or they can be associated with heart failure,
systemic embolism, syncope or sudden death [6]. Nearly
7% of cardiac myxomas can exist as part of the carney com-
plex which is an autosomal dominant syndrome character-
ized by myxoma, hyperpigmentation and extra-cardiac
tumors [7].

They are most commonly located in the left atrium
(75%), they are usually attached by a pedicle to the inter-
atrial septum, close to fossa ovalis and they can prolapse
through the atrial-ventricular valves. Ventricular origin for
myxoma is very rare (<2%) but can occur, as is right atrial
origin [3].

Cardiac myxomas are heterogeneous masses of variable
sizes (1-15 cm), due to the presence necrosis, calcification,
bleeding, cystic formations or fibrosis [8].

CMR features of myxoma are shown in Fig. 12.4.

Fig. 12.3 A fifty-eight year-old male who presented with acute myo-
cardial infarction and underwent angioplasty of LAD who underwent
cardiac MRI. (a) Cine steady-state free procession showing a large api-
cal thrombus. (b) Showing a thrombus (arrow) after gadolinium injec-

tion of the same patient performed 15 min after administration of
gadolinium, using long inversion time (TI). LAD left anterior descend-
ing artery, RV right ventricle, RA right atrium, LV left ventricle, LA left
atrium
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Fig.12.4 Myxoma in a
68-year-old asymptomatic male
who underwent cardiac

MRI. Cine steady-state free
procession images in the
four-chamber view, (a) demon-
strates a well-outlined and
intracavitary mass (white arrows)
in the left atrium. Note a small
pericardial effusion (asterisk).
(b) In T1-weighted fast spin echo
the mass can be identified in the
left atrium well-outlined and of
intermediate signal. LA myxoma
appears hyperintense to
myocardium on T2-weighted
sequence (c); and heterogeneous
enhancement after gadolinium
injection (d). RV right ventricle,
RA right atrium, LV left ventricle,
LA left atrium

Papillary Fibroelastoma

Papillary fibroelastomas are benign avascular papillomas of
the endocardium. They account for 10% of primary cardiac
tumors [9, 10].

They are small (<1 cm), well-defined lesions, usually
asymptomatic and usually detected incidentally by echocar-
diography that is performed for another indication. Most of
them are usually located on the endocardial surface of the
aortic (29%) or mitral (25%) valves [7].

CMR features of papillary fibroelastomas are shown in
Fig. 12.5.

Lipoma

Cardiac lipomas are benign neoplasms composed of
encapsulated mature adipose tissue, similar to extracar-
diac lipomas [3]. They can be detected at any age. Multiple
cases have been described associated with tuberous
sclerosis [11].

The most common location is the right atrium and the left
ventricle. Other locations are cardiac valves, intramyocardial
or pericardial [12].

Most lipomas do not cause any symptoms, but occa-
sionally can lead to dyspnea if there is obstruction of blood
flow, and/or arrhythmias if there is involvement of the car-
diac conduction system [13, 14]. Given their fatty nature,
cardiac lipomas are high in signal intensity on T1-weighted
sequences with low signal intensity on fat saturation pulses
sequences (e.g. T1 or T2-weighted spin echo).

CMR features of cardiac lipomas are shown in Fig. 12.6.

Lipomatous Hypertrophy of the Inter-Atrial
Septum

Lipomatous hypertrophy of inter-atrial septum is not a true
neoplasm. It is due to hyperplasia of otherwise normal fatty
cells within the inter-atrial septum. The diagnosis is based on
the finding of fatty deposits in the inter-atrial septum, resulting
in a diameter exceeding 2 cm in the transverse dimensions. The
exact etiology is unknown but it appears to be associated with
obesity and advanced age. The exact incidence of this disorder
is difficult to discern but incidences of lipomatous hypertrophy
of the inter-atrial septum were 1% in autopsy series [19].

Lipomatous hypertrophy of the inter-atrial septum is
associated with atrial arrhythmia [20].

CMR features of cardiac lipomatous hypertrophy of inter-
atrial septum are shown in Fig. 12.7.

Fibroma

Cardiac fibromas are congenital neoplasms that typically
affect children. However, 15% of cardiac fibromas occur in
adults [15].

Approximately one-third of patients present with arrhyth-
mias, one-third with heart failure or cyanosis, and one-third
are detected incidentally [15].

They are well-circumscribed tumors located within ven-
tricular myocardium as shown in Fig. 12.8.

The key findings are that they demonstrate reduced signal
on T 2-weighted imaging (due to their limited water content)
and demonstrate very high signal intensity on LGE imaging
(due to their high collagen content) [16].

CMR features of cardiac fibromas are shown in Fig. 12.8.
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Fig.12.5 Papillary
fibroelastoma of the pulmonic
valve (arrow) demonstrated
on cine steady-state free
procession (a, b). Papillary
fibroelastoma of the pulmonic
valve demonstrating
isointense signal on
T1-weighted fast spin echo
(c). After gadolinium
injection imaging
demonstrates intense contrast
uptake by the mass (d). PA
pulmonary artery, LA left
atrium, LV left ventricle

Fig.12.6 Lipoma in a 53 year-old woman with incidental finding of a ~ Chamber T1-weighted fast spin echo image again showing the lesion as
mass on echocardiography who underwent cardiac MRI. (a) Cine having uniformly high signal in keeping with a fat composition due to
steady-state free procession demonstrating a well-defined uniformly  lipoma

high signal lesion within the inter-atrial septum (arrow). (b) Four-



160

B.S. Alshammari and D.J. Shah

Fig.12.7 Cine steady-state
free procession demonstrates
lipomatous hypertrophy of the
inter-atrial septum (a, arrow),
and hyperintense on
T1-weighted fast spin echo
due to high fat content of the
inter-atrial septum(b)

Fig.12.8 Fibroma in
asymptomatic 22 year-old
female. Cine steady-state free
procession in the four-
chambers (a) and T-2
weighted imaging (b)
demonstrating a homogenous
myocardial mass in LV apex
which appears isointense on
T2-weighted imaging.
Cardiac fibroma appears
hypointense on T2-weighted
images (c). The most
characteristic feature of
cardiac fibroma is diffuse
homogeneous enhancement
after gadolinium injection (d).
RV right ventricle, RA right
atrium, LV left ventricle, LA
left atrium

Rhabdomyoma

Rhabdomyomas are the most frequent cardiac tumor
in children. They are intramural tumors and can occur
in isolation or associated with tuberous sclerosis [17].
They are usually asymptomatic but can cause obstruc-
tion of the ventricular outflow tract or arrhythmias
[18].

CMR features of rhabdomyomas are described in
Table 12.1 and in Fig. 12.9 [26].

Paraganglioma

Cardiac paragangliomas are exceptionally rare neuroen-
docrine neoplasms. Most of these lesions present with
symptoms of catecholamine excess (hypertension, tachyar-
rythmias, and heart failure). They usually occur between 10
and 60 years of age. Their usual location in the atria and at
the root of the great vessels. They can be isolated or associ-
ated with paragangliomas in other locations (20%) [7].

CMR features of cardiac paragangliomas are shown in
Fig. 12.10.
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Fig.12.9 Intramural left
ventricular rhabdomyoma in a
new born. (a) T1-weighted fast
spin echo showing a large
homogeneous isointense mass
involving the LV wall. (b) Cine
steady-state free procession in
axial plane, showing the
cardiac mass involving the
interventricular septum. (c)
Cine steady state free
procession in four-chamber
view, showing no intracardiac
obstruction. (d) After
gadolinium injection, no mass
hyperenhancement is visible.
Ao indicates aorta, RA right
atrium, RV right ventricle, LA
left atrium, LV left ventricle.
Source: Reproduced with
permission from [26] © 2011
Wolters Kluwer Health

Tumor

b 'y‘ Tumor

".

Tumor

Fig. 12.10 Paraganglinoma in a 42 year-old male with dyspnea who  axial plane (d), hyperintense to myocardium on T2-weighted imaging
underwent cardiac MRI. Cine steady-state free procession demonstrat-  in axial plane (e), and demonstrates heterogeneous uptake after gado-
ing a large left atrial mass and extending along the inter-atrial septum  linium injection in axial plane (f). RA right atrium, RV right ventricle,
(a, b). Paraganglinoma on perfusion imaging (c¢) demonstrating first LV left ventricle, RV right ventricle, LA left atrium, LV left ventricle,
pass perfusion comparable to myocardium after gadolinium injection. ~ SVC superior vena cava

The mass is isointense to myocardium on T1-weighted fast spin echo in
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Fig.12.11 Primary angiosarcoma in a 58 year-old male with dyspnea,
peripheral edema and weight loss. (a) Cine steady-state free procession
in axial plane shows a heterogeneous mass with invasion into the inter-
atrial septum with partial obstruction of the SVC (b). Angiosarcoma

Malignant Primary Cardiac Tumors

Malignant tumors comprise approximately 25% of primary
cardiac neoplasms [3]. They are classified by tissue type as
mesenchymal (sarcoma), which represents the majority, or
lymphoid with lymphoma making up most of the reminder.
Imaging characteristics of malignant tumors are quite similar,
with most lesions demonstrating invasion of surrounding struc-
tures and myocardium, poor border definition, and frequent
coexisting pericardial effusion. Various cardiac sarcomas have
many features in common with similar CMR features [3].

Angiosarcoma

Angiosarcoma is the most common form of cardiac sarcoma,
accounting for approximately 40% of cases. Angiosarcoma
has a predilection for the right atrium with more than 90%
originating at this location [21].

Other forms of sarcomas (undifferentiated sarcomas, malig-

appears isointense on T1-weighted fast spin echo image (c), and hyper-
intense on T-2 weighted imaging (d). Primary angiosarcoma demon-
strates heterogeneous uptake (e) after gadolinium injection (arrows).
RV right ventricle, RA right atrium, LV left ventricle, LA left atrium

nant fibrous histiocytoma, osteosarcoma, leiomyosarcoma, or
rhabdomyosarcoma) are bulky and infiltrating masses with a
predilection to arise in the left atrium [22].

CMR features of angiosarcoma are shown in Fig. 12.11.

Lymphoma

Cardiac lymphomas are almost always aggressive B-cell
lymphomas. These neoplasms have increased prevalence in
immunocompromised patients, but also can occur in immu-
nocompetent patients. The average age of presentation is
approximately 58 years. Males appear to have a slight pre-
dominance [3]. Clinical features are typically of dyspnea,
arrhythmia, superior vena cava obstruction or cardiac tam-
ponade due to frequent involvement in the pericardium
resulting in pericardial effusion. They are commonly involv-
ing right atrium, followed by right ventricle [7].

CMR features of cardiac lymphomas are shown in
Fig. 12.12.
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Fig.12.12 Seventy-year-old
male with cardiac B-cell
lymphoma. Cine steady-state
free procession in axial plane
demonstrates a large tumor
(arrows) originating in the
right sided chambers not only
involve cardiac chamber
cavities but also within the
myocardium (a). Cardiac
lymphoma appears isointense
T1-weighted fast spin echo
imaging (b). Cardiac
lymphoma demonstrates
heterogeneous hyperintense
on T-2 imaging (¢) and
heterogeneous uptake on
post-contrast imaging (d). RV
right ventricle, RA right
atrium, LV left ventricle, LA
left atrium, PE pleural
effusion

Secondary Cardiac Tumors

Secondary cardiac tumors are 20 times more common than
primary cardiac tumors [27]. Metastatic disease may result
from contiguous extension, lymphangitic spread, transve-
nous route, or hematogenous spread [23]. Tumors metasta-
sizing to the heart often involve the pericardium also.
Metastatic malignant melanoma has the highest rate of car-

diac metastasis [24]. Metastases to the heart and pericardium
are discovered at autopsy in 10-12% of all patients with
malignancies [25].

Direct extension to involve the heart or the pericar-
dium is often observed in lung carcinoma and breast.
Hematogenous spread is usual for melanoma, leukemia, or
sarcomas. CMR features of cardiac metastasis are shown
in Fig. 12.13.
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Fig. 12.13 Metastasis from skin melanoma in a 74 year-old female
with palpitations demonstrating a well circumscribed intracavitary
mass in LV on cine steady-state free procession in axial plane (arrow,
a). The mass is isointense to myocardium on T1-weighted fast spin
echo imaging (b). Also demonstrates a slight hyperintense lesion on T-2
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Abstract

In this chapter we have presented some cases of cardiac sarcomas and outlined the general
approach and surgical treatment of this condition.
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Introduction

Cardiac tumors are a rare entity, comprised of tumors with a
diverse histology and natural history. They are divided into
primary and secondary tumors. Primary cardiac tumors are
rare, with an autopsy incidence of 0.002—0.3% [1-3]. Primary
cardiac tumors include benign or malignant neoplasms that
may arise from any cardiac tissue. Secondary or metastatic
cardiac tumors are about 30 times more common than the
primary neoplasm with an autopsy incidence of 1.7-14% [4].

Another two possible categories one could think of is
infra-diaphragmatic tumors that invade by direct extension
and secondly tumors that extend from the mediastinal space
invading directly usually involving pericardial layers. Infra-
diaphragmatic tumors can occur with almost any cell type,
but the large majority of these have been attributed to renal
cell carcinoma (RCC) where as much as 10% of patients
with have tumor extension into the inferior vena cava [5] and
in patients with RCC, involvement of the right atrium (RA)
is encountered in up to 5% of cases, pulmonary artery tumor
emboli is even more rarely observed [6, 7]. Other sources for
this route of invasion include uterine malignancies [8], and
hepatocellular carcinoma [9].

In this chapter we will illustrate cardiac tumors focusing
on primary, right and left, cardiac sarcomas.
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Right Heart Sarcomas

Right heart tumors tend to be large, bulky, and infiltrative at the
time of presentation. They usually do not cause symptomatic
obstruction to intra-cardiac blood flow until they are advanced.
We prefer to obtain tissue for histologic diagnosis prior to
definitive resection of right heart tumors when the patient’s
condition permits. When sarcoma is confirmed patients are
treated with neoadjuvant chemotherapy with Adriamycin and
Ifosfamide. This allows us to evaluate the patient’s response to
treatment and, if responsive, to shrink the tumor to increase the
likelihood of performing RO resection. We have found that
right heart sarcomas that do not have an appreciable chemo-
therapy response are unlikely to have a reasonable survival
after surgery. Our series of right heart sarcomas is currently the
largest reported and we have shown that RO resection (patients
with negative surgical margins) doubles survival and that neo-
adjuvant therapy significantly increases RO resection rates [10].

Case 1

The patient is a 46 year old male who presented with chest
pain and dyspnea. Investigations revealed a large right heart
tumor, pericardial effusion, and several small pulmonary
nodules. He had drainage of the pericardial effusion and his-
tology was positive for angiosarcoma. He underwent six
rounds of Chemotherapy with Adriamycin and Ifosfamide
which led to complete resolution of the pulmonary masses
and significant reduction of the size of the right heart tumor.
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Fig. 13.1 (a) Right heart
tumor. (b) Tumor resected. (¢)
Tricuspid valve replaced. (d)
Completed reconstruction

Fig. 13.2 Operative photograph of the right heart tumor

Following the six rounds of chemotherapy the response of
the tumor slowed and surgical resection was recommended.

The residual tumor was a very large mass located in the
right atrial/right ventricular groove (Figs. 13.1a and 13.2). An
extensive resection was required for complete removal includ-
ing excision of most of the right atrium, the tricuspid valve,
the right coronary artery, and a portion of the right ventricle
(Fig. 13.1b). The tricuspid valve was replaced with a biopros-
thetic valve (Figs. 13.1c and 13.3). The final reconstruction
was done using bovine pericardium for the right atrium and
the segment of resected coronary artery was replaced with an
interposed mammary artery graft (Figs. 13.1d and 13.4). The
patient recovered well and survived for 47 months before he
expired from metastatic disease.
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Fig. 13.5 CT scan showing pulmonary artery sarcoma

z

e

Fig. 13.6 Operative specimen showing sarcoma attached to the pul-
monary root near the pulmonary valve

Fig. 13.4 Operative photograph showing final reconstruction

Pulmonary Artery Sarcomas

Our cardiac tumor group has a long-standing interest in
pulmonary artery (PA) sarcomas [11-13]. PA sarcomas are
usually asymptomatic until they reach a large size and
cause symptoms due to obstruction of pulmonary blood
flow (Fig. 13.5). This usually leads to the need for urgent
surgical resection. PA sarcomas often begin at the level of
the pulmonary valve (Fig. 13.6) and extend distally, expand-

ing within the lumen without penetrating the wall of the PA
(Fig. 13.7). Fig. 13.7 Operative specimen showing sarcoma filling the pulmonary
artery without transgressing the artery wall

SPECIMEN
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Case 2

A 38 year old patient presented with severe dyspnea that had
progressed rapidly during the month prior to presentation.
The CT at presentation showed a large mass within the main
PA protruding into the left PA and filling the right PA
(Fig. 13.5). Cardiac MRI showed the large mass within the
PA and contrast enhancement suggesting perfusion of the
mass helped to define the mass as tumor and not thrombus.
The patient was evaluated by the Houston Methodist
DeBakey Heart & Vascular Center/M. D. Anderson Cancer
Center multidisciplinary heart team and surgical resection
was recommended. Complete resection of the tumor would
have to include the pulmonary root, main PA, and the entire
right PA (Fig. 13.8). At surgery the entire pulmonary root
was resected into the right ventricular outflow tract and the
pulmonary root, main PA, entire right PA, and the right lung
were resected successfully en bloc (Fig. 13.9). Reconstruction
was performed with an allograft root sewn into the right ven-
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Fig. 13.8 Extent of the required section
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Fig. 13.9 Operative specimen against the preoperative CT scan

Fig.13.10 Operative photograph showing the allograft root replacement

tricular outflow tract (Fig. 13.10) with a Dacron tube graft to
the left main PA. The patient recovered well from surgery
and remains alive 3 years later.

Left Heart Sarcomas
Case 3

A 52 year old female presented with severe shortness of breath
and was started on treatment for asthma. After 2 weeks her
symptoms were worsening so she went to her local ER where
an echocardiogram was ordered which revealed a large left
atrial mass. Cardiac surgery was consulted and this was
thought to be a large left atrial myxoma and immediate sur-
gery was performed. During the operation a broad-based left
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atrial mass was found and as much of the tumor as possible
was resected and the atrium reconstructed with pericardium.
Pathology from this operation revealed undifferentiated sar-
coma with positive margins. She was followed without further
treatment and had recurrence of the tumor seen on echocardio-
gram 6 months later (Fig. 13.11). She was then referred to the
Houston Methodist DeBakey Heart & Vascular Center/M. D.
Anderson Cancer Center multidisciplinary heart team.
Because of the large size and location of her tumor surgical
resection with cardiac auto-transplant was recommended.

Fig. 13.11 Echocardiogram of recurrent left atrial sarcoma

Cardiac auto-transplant was developed by our cardiac
tumor team with our first case performed in 1998 [14] and
we currently have the largest global series [15]. Although
we prefer to begin appropriate chemotherapy before sur-
gical resection whenever possible, large left sided sarco-
mas do not always allow for this. We begin with a median
sternotomy and direct cannulation of the superior vena
cava and inferior vena cava leaving enough room to divide
these and allow subsequent reconnection (Fig. 13.12).
The superior vena cava, aorta and pulmonary artery are
divided and the left atrium opened first to see if this will
allow adequate visualization for complete resection
(Fig. 13.13). In this case the tumor could be seen but ade-

Fig. 13.13 Operative photograph of left atrial tumor exposure

Fig. 13.12 (a) Operative photograph of cannulation. (b) Drawing of cannulation technique
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quate exposure for radical resection was not achieved so
the inferior vena cava/ right atrial junction was divided
also and the heart removed (Fig. 13.14). This allowed
complete exposure of the posterior left atrium and com-
plete tumor removal (Fig. 13.15). The posterior atrium
was then reconstructed with bovine pericardium. The pul-

Fig. 13.14 Drawing of technique for removal of the heart

monary veins can be connected in a variety of ways. In
this case they were connected as a cuff (Fig. 13.16). The
entire anterior left atrium can also be removed but in this
case only a portion was needed and this was reconstructed
with bovine pericardium (Fig. 13.17). The heart was then
sewn back into place much like a standard transplant
(Fig. 13.18). Once all anastomoses were complete

(Fig. 13.19) the patient was weaned from cardiopulmo-
nary bypass without problem. She was transferred to the
floor on postoperative day 1 and discharged on day 10.
She is currently on a regimen of Adriamycin and
Ifosfamide and has no evident disease.

Fig. 13.15 (a) Drawing of tumor exposure after cardiac removal. (b) Operative picture of tumor
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Fig. 13.17 (a, b) Technique a b
for removal of the anterior left
atrium when needed

Fig. 13.18 (a) Operative photo of cardiac implantation. (b) Drawing of cardiac implantation
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Fig. 13.19 Heart reconnected
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Abstract

In this chapter we have briefly discussed the management of torsade de pointe and cardiac
devices, in patients with cancer.
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Torsade de pointes ¢ Cardiac devices

Introduction

Prolong QTc interval and related arrhythmia is not uncom-
mon in patient afflicted with malignancy. Various chemo-
therapy agents prolong the QTc interval and these patients
are frequently on multiple antibiotics and antifungal agents,
some of which are also QTc prolonging agents.

Another group of patients who are particularly suscepti-
ble to complications of cancer therapy, are patients with
intracardiac devices, who are to undergo radiation therapy or
cardiac magnetic resonance imaging (MRI) investigation.

In this chapter we briefly discuss this two common clini-
cal scenario.

Management of Cardiac Devices During
Radiation Therapy

Introduction

With an aging population, increasing number of cancer survivors

and increased use of pacemaker and Implantable cardioverter defi-

brillator (ICD), it is not surprising that the number of patients with

these devices who present for radiation therapy is increasing.
Radiation therapy has several potential damaging effects

on cardiac devices. Modern devices have mental oxide semi-
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conductors. These semi-conductors have enabled us to have
devices with smaller size, but the same semi-conductors
have made these devices more susceptible to damage by
radiation. Damage usually occurs in silicon and silicon oxide
insulators of cardiac devices [1].

Device Reset

Therapeutic radiation can commonly cause device reset.
Reset is a safety backup mode of pacing in case of cata-
strophic failure of the device. The pacing parameter during
reset mode is unique to each manufacturer. These pacing
parameters are not necessarily optimal, but they are neither
unsafe. A programmer is required to restore the program-
ming to the original setting [2].

Radiation and Defibrillators

Radiation therapy can affect detection and charge time of
defibrillators. It can also cause damage to ICD memory. It is
very important to estimate the absorb radiation dose to the
device before initiation of radiation. Each manufacturer has
recommended tolerance dose for their ICD devices.

Defibrillator Deactivation

A controversial issue regarding management of cardiac
devices during radiation therapy is the deactivation of tachy-
therapy with magnet during radiation. Defibrillator shock
due to electromagnetic interference (EMI) during radiation
is extremely rare. It has only been reported in in-vitro studies.
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There are different practices in high-volume centers regard-
ing deactivation of tachy-therapy with magnet [3]. Here at
MD Anderson, we do not recommend it, as there is no evi-
dence that radiation causes inappropriate defibrillator shock
due to over sensing.

Scatter Radiation

Scatter radiation can also cause reset due to neutron expo-
sure. Scatter neutrons increase with increased in photon
beam energy. Conventional shielding options usually does
not protect against scattered ration [4]. Hurkmans et al. dem-
onstrated that effect of radiation dose on defibrillators is
unpredictable. In this in-vitro study, investigators exposed 11
defibrillators directly to radiotherapy. Although most of
these defibrillators didn’t fail below 80 Gy of radiation, some
of them failed at very low dose of 0.5-1.5 Gy [5].

Pulse Check Method

Pulse check method is a method that we use here at MD
Anderson to minimize frequent visits to device clinic during
radiation therapy. We program lower rate slightly faster than
the reset mode and we ask the radiation therapy team to check
the heart rate after each radiation fraction. If the detected
heart rate is less than the program lower rate, we immediately
check device for any damage or reset. This method is very
useful in a pacemaker dependent patient, but it is not very
helpful if the intrinsic rate is faster than programed lower rate.

Device Repositioning

There are certain situations that we consider repositioning of
the device. If the pacemaker or defibrillator generator is
located directly in the therapy beam, or if we have a patient
with estimated absorbed dose to the device more than 5 Gy.
Pacemaker dependency and a device interfering with the
effective radiation to the tumor are other scenarios in which
we consider repositioning. Before making the decision to the
reposition a device, we always consider potential complica-
tion of device re-implantation. Here at MD Anderson, We
use lead extenders and subcutaneous tunneling technique
across the chest to reposition the device to contralateral pec-
toral site, as shown in Fig. 14.1.

MD Anderson Practice

We use a management algorithm for patients with cardiac
devices undergoing radiation therapy at MD Anderson. All of
these patients visit cardiac device clinic for device check
before radiation therapy. After discussing with radiation oncol-
ogy team, first we determine if the device is in the direct radia-
tion field or not. If we conclude that the device is in the direct
radiation field, we consider device relocation. Factors favoring

Fig.14.1 A chest-x-ray showing the device on the contralateral pecto-
ral site

relocation of the device are pacemaker dependency and device
interfering with the effective radiation dose to the tumor. If we
determine that the device is not in the direct radiation field, we
use pulse check method. We program the pacing rate at 75
beats per minute which is a slightly faster than the reset mode
for all device manufacturers. Subsequently, patient will pro-
ceed with the radiation and we ask radiation therapy team to
the check the heart rate after each radiation fraction. If the
heart rate is less than 75 beats per minute, we immediately
check the device for damage or reset. But if the heart rate is
more than 75 beats per minute after each radiation fraction, we
proceed with the next step. When pulse check method is not
possible, we have to do more frequent device checks: device
check after each session for pacemaker dependent or ICD and
weekly check for non-pacemaker dependent patient. Pulse
check method is extremely helpful in decreasing the frequency
of device checks during radiation, as shown in Fig. 14.2.

Knowledge Gap

There are several knowledge gaps in regard to management of
cardiac devices during radiation therapy. There is no randomized
clinical trial which addresses this issue. The current recommenda-
tions are based on experience in high-volume centers and there is
no complete agreement between different centers, especially on
issues like deactivation of defibrillator during radiation therapy
and device manufacturers have diverging opinions about this.
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Fig.14.2 Management of MD

Anderson Practice (MAP)
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Case Presentation

A 47 year old woman with metastatic breast cancer who was
scheduled to undergo left mastectomy and radiation therapy.
She had prior history of non-ischemic cardiomyopathy with
severe left ventricular systolic dysfunction, ejection fraction
of 20-25% with NYHA class 3 symptoms and left bundle
branch block. She underwent biventricular defibrillator
implantation 2 years prior to cancer diagnosis and had echo-

-"j.!\/—.“’ﬂ_\ e

cardiographic response with improvement of LVEF to
40-45% and symptomatic improvement to NYHA class 2
symptoms.

She was referred to the cardiac device clinic for reposi-
tioning of the defibrillator generator as it was interfering
with effective radiation to the tumor and lymph nodes.

Figure 14.3 shows an ECG with biventricular paced rhythm.

Figure 14.4 shows the biventricular-implantable cardio-
verter defibrillator ( BiV-ICD).
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Fig. 14.4 Chest-x-ray showing the BiV-ICD with RA, RV and LV
leads

Fig.14.5 A CT chest showing the device in the left pectoral site, inter-
fering with effective radiation to tumor and lymph nodes. The red
arrow points to the device

Figure 14.5 shows the device in the left pectoral site,
interfering with effective radiation to tumor and lymph
nodes.

There are four different options to handle this situation:

1. Implantation of new BiV-ICD in right pectoral site and
abandonment of old ICD system in the left side. This
option will leave the patient with six leads in the heart and
SVC and potential risk for infection and SVC syndrome.

2. Implantation of new BiV-ICD in the right pectoral site
after extraction of Old ICD leads in the left side. This
option will expose the patient to a high risk procedure of
lead extraction with potential mortality and morbidity.

3. Explant the BiV-ICD generator and re-implantation after
completion of radiation. In this scenario, patient will lose
benefit of biventricular pacing and there is risk for dete-
rioration of LV systolic function.

4. Repositioning BiV-ICD generator to the right pectoral
site using lead extenders.

We felt that that the repositioning of the BiV-ICD genera-
tor to the right pectoral site using lead extenders was the saf-
est and least invasive option for the patient. Repositioning of
the device to the right pectoral site was performed in the
operation room after mastectomy, using five lead extenders:
right atrial lead, left ventricular lead and right ventricular
high voltage lead with three pins (RV sense/pace, RV coil,
SVC coil) (Fig. 14.6).

Device repositioning to the right pectoral site was
uneventful. Patient was able to undergo radiation therapy
after mastectomy and device repositioning.

Polymorphic Ventricular Tachycardia/
Torsade de Pointes

A 73 year old man with hypertension, hyperlipidemia, coro-
nary artery disease and carotid artery disease. He was diag-
nosed with chordoma of the clivus and suprasellar region and
hydrocephalus. He was admitted for surgical resection of his
tumor. His hospital course was complicated by multiple
bilateral subsegmental pulmonary emboli (PE) (s/p IVC fil-
ter placement, started on Lovenox therapy) and multiple
small subacute ischemic cerebrovascular accidents (CVAs)
leading to discovery of a patent foramen ovale (PFO) caus-
ing paradoxical emboli. He underwent trans-nasal resection,
his post-operative course was complicated by recurrent
respiratory failure due to aspiration and failure to clear secre-
tions, with an episode of post-operative atrial fibrillation
with rapid ventricular response (RVR) (likely due to ongoing
respiratory failure and fluid shifts). He was treated with ami-
odarone drip which was discontinued due to QTc prolonga-
tion. He continued to have recurrent episodes of respiratory
failure requiring reintubation and extubation. Below is his
ECG after he was chemically cardioverted with amiodarone
which showed prolonged QTc interval of 493 ms (Fig. 14.7).

He continued to have prolonged QTc interval despite dis-
continuation of amiodarone drip. He was not receiving any
QTec prolonging drug. He had signs and symptoms of increased
intracranial pressure. Unfortunately he arrested due to poly-
morphic ventricular tachycardia in the setting of extremely
prolonged QTec interval (Torsades de pointes). Below is his
ECG prior to VT arrest with significant QTc prolongation:
QTc of 533 ms (Fig. 14.8). Also the tracings shows PVCs and
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Fig.14.6 (a) Chest-x-ray
before repositioning of the
BiV-ICD. (b) Chest-x-ray,
after repositioning of the
device to the right pectoral
site, using five lead extenders:
right atrial lead, left
ventricular lead and right
ventricular high voltage lead
with three pins (RV sense/
pace, RV coil, SVC coil)
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Fig.14.8 A 12lead ECG
showing a prolong QTc
interval of 533 ms
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Fig.14.9 Tracings shows
PVCs (a), and runs of
non-sustained ventricular
tachycardia (b), few minutes
prior to episode of cardiac

arrest with R on T
phenomenon (c)
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runs of non-sustained ventricular tachycardia few minutes
prior to episode of cardiac arrest with R on T phenomenon
(Fig. 14.9). He was resuscitated and received external shock
which resulted in termination of polymorphic VT.

Ischemic work up was negative for significant coro-
nary artery disease. Echocardiogram revealed mildly
depressed LV systolic function with ejection fraction of
45%. He was subsequently treated with lidocaine drip
and his electrolytes were replaced but continued to have
QTc prolongation in 500 ms range. He underwent VP
shunt placement for CSF leak. He had second episode of
cardiac arrest due to polymorphic VT in the setting of
long QTc interval a week after first episode. His QT
interval gradually shortened over the following few

weeks in the hospital. He was discharged home with a
regimen of Mexiletine. An external defibrillator (Lifevest)
was placed prior to discharge for secondary prevention of
sudden cardiac death. During subsequent follow up visits
in cardiology clinic his QTc interval remained in upper
limit of normal (440-460 ms). He did not receive shock
from his external defibrillator. Fig.14.10 shows his ECG
during follow up visit with QTc 447 ms (Fig. 14.10).
During follow up visits in cardiology clinic, we discov-
ered that his QTc interval was at upper limit of normal even
prior to diagnosis of cancer. He denied any family history of
sudden cardiac death or any prior history of syncope, pre-
syncope, dizziness and lightheadedness. We performed
genetic testing for long QTc syndromes which did not reveal
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any mutation in LQTS genes. After long conversation with
the patient and his wife, implantation of defibrillator was rec-
ommended in light of borderline QTc prolongation at base-
line and two episodes of polymorphic VT arrest in the setting
of significant QTc prolongation. A defibrillator was
implanted by his local electrophysiologist.

Discussion: Torsades de pointes is a specific form of poly-
morphic VT in patients with a long QTc interval. It is char-
acterized by rapid, irregular QRS complexes, which appear
to be twisting around the ECG baseline. This arrhythmia
may cease spontaneously or degenerate into ventricular
fibrillation. It causes significant hemodynamic compromise
and often death. Diagnosis is by ECG. Treatment is with IV
magnesium, measures to shorten the QTc interval, and
direct-current defibrillation when ventricular fibrillation is
precipitated.

Episodes of drug-induced TdP usually start with a short-
long-short pattern of R-R cycles consisting of a short-coupled
premature ventricular complex (PVC) followed by a com-
pensatory pause and then another PVC that typically falls
close to the peak of the T wave [6]. However, because of the
underlying long-QTc interval, this R-on-T PVC does not
have the short coupling interval that is characteristic of idio-
pathic ventricular fibrillation. This short-long-short sequence
is thought to promote TdP by increasing heterogeneity of
repolarization across the myocardial wall. In contrast to ven-
tricular fibrillation that does not terminate without defibrilla-
tion, TdP frequently terminates spontaneously, with the last
2-3 beats showing slowing of the arrhythmia. However, in
some cases, TdP degenerates into ventricular fibrillation and
causes sudden cardiac death.

There is a gradual increase in risk for TdP as the heart rate-
corrected QTc interval (QT,) increases. Each 10-ms increase
in QT, contributes approximately a 5-7% exponential
increase in risk for TdP in these patients [7, 8]. Chronic
administration of amiodarone markedly prolongs the QTc
interval, yet it is very rarely associated with TdP [9]. It has
been postulated (although as yet unproven) that unlike high-
risk drugs that selectively prolong repolarization in myocytes
located in the mid myocardium (M cells), amiodarone uni-
formly delays repolarization in all layers of the myocardial
wall. As aresult, there is only QTc prolongation and no trans-
mural heterogeneity of repolarization, which is the necessary
substrate for the development of a reentrant arrhythmia.

In hospitalized patients, TdP is commonly associated with
acquired prolongation of the uncorrected or rate-corrected QTc
interval, with or without underlying genetic predisposition,
often in the presence of a noncardiac drug that is known (or not
known) to prolong the QTc interval. Of note, the risk for TdP
increases significantly with concurrent use of more than 1 QTc
prolonging drug. Bradycardia is an additional important risk
factor for TdP in patients when other predisposing findings are
present [10]. Prolonged ventricular cycle length can take the

form of simple sinus bradycardia, complete atrioventricular
block, or any rhythm in which sudden long cycles may lead to
arrhythmogenic early after depolarizations [11].

Brain injury-related ECG abnormalities have been recog-
nized for more than five decades and are particularly com-
mon after SAH where they are reported in 49—-100% of cases.
The most common findings are ST segment changes, flat or
inverted T waves, prominent U waves, and prolongation of
the QTc interval [12]. Excessive prolongation of the QTc
interval may be a cause of sudden cardiac death after brain
injury. It is of note that QTc interval prolongation persists in
patients with an unfavourable outcome after SAH but
improves in those who have a good outcome. The true inci-
dence of malignant arrhythmias is uncertain because they
may be the cause of pre-hospital mortality in some patients.
The exact mechanism of sudden cardiac death after brain
injury is unclear, but severe QTc prolongation, driven by
abnormalities in the insula, is thought to be responsible.
Drugs that prolong the QTc interval should therefore be
avoided after brain injury, even into the rehabilitation phase.

Similar ECG changes have been described in nonvascular
intracranial lesions like meningitis and intracranial tumors
and increased CSF pressure [13]. The mechanism by which
these changes are produced is not clear. The various mecha-
nisms which have been suggested by different workers
including actual damage to the myocardium in the form of
sub-endocardial haemorrhage, electrolyte imbalance, and
raised intracranial tension and vagotonicity.

In our patient, extremely long QTc interval was thought to
be secondary to increased intracranial pressure and con-
firmed by increased in measured CSF pressure in the setting
of mild electrolyte abnormalities. He was not receiving any
QTc prolonging agents except intravenous amiodarone
which he received only for less than 24 h. His second episode
of cardiac arrest due to polymorphic VT in the setting of long
QTc was about 10 days after discontinuation of amiodarone
and aggressive correction of electrolyte abnormalities. His
QTec interval remained prolonged most likely due to increased
intracranial pressure: elevated CSF pressure.
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Abstract

Endocarditis, defined as infection of the native or prosthetic heart valve, endocardial surface
or an intracardiac device, occurs worldwide and though uncommon, can be associated with
considerable morbidity and mortality.

In this chapter we present some common clinical cases and discuss the treatment options.
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Introduction
Endocarditis

The exact prevalence of endocarditis in large population
afflicted with cancer in not known, but in a small study of
200 patients with solid tumor, the prevalence of cardiac val-
vular vegetation was 19% [1].

In another study of 645 patients with cancer, in whom
echocardiogram was obtained for a suspected diagnosis of
endocarditis, the prevalence of endocarditis, as diagnosed by
Modified Duke Criteria was 7% [2].

It has also been suggested that infective endocarditis may
be a potential marker of occult cancer, as in one study of
8445 patients with endocarditis, 997 (12%) cancers were
identified after a median follow up of 3.5 years [3]. In par-
ticular, there appears to be a relationship between streptococ-
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cus bovis endocarditis and/or bacteremia and the presence of
colorectal cancer [4].

Infective Endocarditis

Infective endocarditis (IE) is a microbial infection of the endo-
cardial surface of the heart. It most commonly involves heart
valves but may also occur at other sites e.g. on the chordae
tendineae, site of a septal defect, or on the mural endocardium,
prosthetic cardiac valves and indwelling cardiac devices.

The cardinal features of endocarditis is a vegetation, which
consists of a dense aggregate of microorganisms, fibrin, plate-
let-rich thrombus, and inflammatory leucocytes [5, 6].

Rheumatic heart disease remains the commonest key risk
factor for IE in low-income countries and underlies up to
two-thirds of cases [7, 8].

In developed high income countries, rheumatic fever is
uncommon, however, degenerative valve disease, diabetes,
cancer, intravenous drug use, and congenital heart disease
have replaced rheumatic heart disease as the major risk fac-
tors for infective endocarditis [5].

The age at which IE used to afflict patients has also
changed over the last 40 years. Compared to the average age
of mid-40s during the early 1980s, it has now shifted to older
than 70 years in 2001-2006 [5].
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Non-bacterial Thrombotic Endocarditis

Microscopically, the lesions of NBTE are described as
agglutinated blood and platelet thrombi with an absence of
inflammatory reaction [9, 10].

It is classically associated with malignancy and has been
reported in almost all types of cancer [10]. It is also found in
other conditions like connective tissue disorder e.g. systemic
lupus erythematosus (SLE), hypercoagulable state, septice-
mia, severe burn or chronic illness like tuberculosis, AIDS
and uremia. The prevalence of NBTE is autopsy series ranges
from 0.3 to 9.3% [10].

Mitral and aortic valve is most commonly involved
[10].

NBTE typically causes embolization. The prevalence of
emboli in different autopsy studies of NBTE, has been
reported to be between 14 and 91% [10].

Treatment of NBTE is directed towards the underlying
condition and in cases with no contraindication, anticoagula-
tion, with either intravenous unfractionated heparin (UFH)
or subcutaneous low molecular weight heparin (LMWH) is
recommended [11].

The First Case Is an Example of Catheter-
Related Endocarditis

Case 1: Catheter-Related Endocarditis

A 32 year old man with past medical history of multiple
myeloma, diabetes mellitus and end-stage renal disease,
who was on scheduled hemodialysis via a right internal
jugular vein tunneled dialysis catheter, presented to an
outside hospital with fevers and chills and was diagnosed
with MRSA bacteremia and endocarditis of the mitral

Fig. 15.1 (a) TEE showing
mitral valve vegetation. The
red arrow points to the
vegetation. (b) TEE showing
moderate mitral valve
regurgitation

valve. He was started on intravenous (IV) vancomycin
with adequate therapeutic levels and his tunneled dialysis
catheter removed and later replaced. About 10 days later,
he was referred to our hospital for a second opinion. On
examination he had subungual embolic lesion.

A transesophageal echocardiogram (TEE) was done which
showed a persistent mitral valve vegetation and moderate mitral
regurgitation (Fig. 15.1). His vancomycin therapy was changed
to IV daptomycin 800 mg IV g48 h for a total of 6 weeks of
therapy. He responded to therapy and was discharged home.

Discussion

Patients with indwelling catheters are at increased risk for
infective endocarditis as defined by the modified Duke’s cri-
teria. A significant proportion of patients with indwelling
central venous catheters are those who are undergoing dialy-
sis with the use of a hemodialysis (HD) catheter. In one
study, HD catheter patients made up 20% of all cases of
infective endocarditis [12]. Staphylococcus aureus is the
most common pathogen. Infective endocarditis in hemodi-
alysis patients carries a poor prognosis, with a 1 year mortal-
ity of about 50% even amongst patients who underwent
valve replacement for endocarditis [13].

According to the 2009 Infectious Diseases Society of America
(IDSA) guidelines, diagnosis of a catheter related blood stream
infection is based on either a roll plate culture of the catheter tip
if the catheter is removed, or from paired blood samples drawn
from a peripheral vein and catheter. In patients for whom the
diagnosis is made while the catheter is still in place, a decision
will need to be made regarding catheter removal. The decision
for catheter removal is based on clinical grounds, but the current
recommendation is to remove the catheter and to treat with
4-6 weeks of antibiotics after catheter removal [14].
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Infective Endocarditis in a Patient
with a Cardiac Implantable Electronic Device
Is Exhibited in the Next Case

Case 2: Intracardiac Device Infection/
Vegetation

The case presented is of a 72 year old man with history of
non-small cell lung cancer, atrial fibrillation, sick sinus syn-
drome for which he had undergone a dual-chamber pace-
maker placement in the past. He presented with dyspnea and
cough for 2 weeks and was diagnosed with pneumonia by his
primary care physician.

For his pneumonia, he was treated with levofloxacin for
2 days prior to blood cultures being drawn, which did not
reveal any organism.

An echocardiogram revealed a mobile echogenicity
attached to his right atrial pacing lead (Fig. 15.2).

He underwent lead/device extraction and a course of
treatment with IV daptomycin, IV ceftriaxone and oral doxy-
cycline. He made a full recovery.

Discussion

Pacemaker and other implantable cardiac electronic devices
(ICED) may also become infected, and is associated with
considerable morbidity and mortality [15]. A distinction
should be made between a cardiac device related infective
endocarditis (CDRIE) and a local device infection. CDRIE is
defined as infection extending into the electrode leads, car-
diac valve leaflets or endocardial surface [16]. Another defi-
nition of implantable cardiac electronic devices associated
native or prosthetic valve endocarditis is when the Duke cri-

Fig.15.2 TEE showing a pacemaker wire and a vegetation attached to
the right atrial pacing lead. The red arrow points to the pacing lead and
the white arrow points to the vegetation
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teria for definite endocarditis is satisfied with echocardio-
graphic evidence of valve involvement in a patient with an
implantable cardiac electronic device in situ [15].

Staphylococci, in  particular coagulase negative
Staphylococcus accounts for the majority of cases [15].

The diagnosis of CDRIE can be challenging. Due to com-
plimentary role of both TTE and TEE, it is recommended that
both TTE and TEE should be performed in suspected cases of
CDRIE [16]. A TEE should be performed independent of the
result of TTE. Additional tests that may be employed and are
helpful includes; intracardiac echocardiogram, radiolabelled
scintigraphy and ¥F-FDG PET/CT scanning [16].

For diagnosis purposes at least three or more sets of blood
cultures are recommended before prompt initiation of anti-
microbial therapy and in cases where the device is explanted
the lead tip culture should be obtained [16].

The treatment of cardiac device related infective endocar-
ditis relies on both total removal of all cardiac hardware
(device and leads) and a prolonged course of antimicrobial
therapy [15, 16].

Antibiotic therapy is generally done for 4-6 weeks and hard-
ware removal can often be performed percutaneously, even in
the setting of sizeable vegetations (vegetations > 10 mm) [16].

The Following Case lllustrates Infective
Endocarditis with an Indication for Valve
Replacement

Case3

The case presented is of a 59 year old man with past medical
history of acute lymphoblastic leukemia who was admitted
with altered mental status. His blood and urine cultures grew
Enterococcus faecium.

This echocardiogram (Fig. 15.3) showed aortic valve veg-
etation, severe aortic regurgitation and aortic root abscess.

He was treated with IV streptomycin and IV vancomycin,
with adequate therapeutic levels, for a total of 6 weeks of
therapy and underwent aortic valve replacement.

Discussion

Both the ESC and AHA guidelines [16, 17] have specific
indications for cardiac surgery in the setting of infective
endocarditis as listed in the table below. The guidelines are
very similar although some differences exist as highlighted.
The ESC divides their indications based on three categories:
resultant heart failure, uncontrolled infection, and prevention
of embolism [16]. The ESC [16] and AHA guidelines [17]
can both fall within this system and are adapted as such in
the Table 15.1 While surgery may be indicated, it is
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Fig. 15.3 (a) TEE showing
perivalvular abscess in a
patient with aortic valve
vegetations. The red arrow
points to the abscess. (b) TEE
(same patient as in a) showing
severe aortic regurgitation

Table 15.1 Indications for surgery in left-sided infective endocarditis

AHA |ESC

Surgical indication

Heart failure

Valvular damage resulting in symptoms or signs of | IB 1B
heart failure

Uncontrolled infection

Resulting in abscess, fistula or local destruction IB 1B
Resulting in heart block 1B
Persistent positive blood cultures in spite of IB

adequate antibiotic therapy and infectious source
control

I1aB

Persistence of infection, manifested by persistent IB
bacteremia or fever for more than 5-7 days in spite
of adequate antibiotic therapy and infectious source
control in native valve infectious endocarditis

Infection secondary to fungi or resistant organisms | IB IC
IIaC

Infection secondary to Staphylococcus aureus or
non-HACEK gram-negative bacteria involving a
prosthetic valve

Relapsing prosthetic valve endocarditis IIaC

Embolic risk

Vegetation >10 mm when surgery is otherwise IIbC |IIaB

indicated

IIaB
I1aB

Vegetation >10 mm and severe valve regurgitation IIaB

Recurrent embolization in spite of antibiotic
therapy (prosthetic valve) and persistent or growing
vegetation (native valve)

Native or prosthetic valve with persistent IB
vegetations >10 mm after one or more embolic
episode despite being on appropriate antibiotic
therapy

I1aB
IIbC

Indications are for both prosthetic and native valves unless otherwise
indicated. Adapted from Habib et al. [16] and Baddour et al. [17]

Vegetation >30 mm

Vegetation >15 mm and no other indication

Table 15.2 Indications for surgery in right-sided infective
endocarditis
AHA
Surgical indication and ESC
Heart failure
Right heart failure secondary to severe tricuspid IIaC
regurgitation that does not respond to diuretic therapy
Infection
Resistant organisms or bacteremia >7 days in spite of IIaC
appropriate antimicrobial therapy
Embolic risk
Persistent tricuspid valve vegetation >20 mm after IIaC
recurrent pulmonary emboli

Adapted from Habib et al. [16] and Baddour et al. [17]

ultimately a clinical decision and is individualized based on
each patient’s factors (Tables 15.1 and 15.2).

The Next Case Is an Example of Infective
Endocarditis Complicated by Stroke

Case 4

A 58 year old man with history of oral squamous cell carci-
noma which was in remission, was admitted with 4 months
of weakness, involuntary weight loss, dyspnea, and fevers. A
magnetic resonance imaging (MRI) of the brain revealed a
ring enhancing lesion in his temporal lobe (Fig. 15.4). He
also complained of floaters and blurry vision in his right eye
and, and an ophthalmological examination showed findings
consistent with endophthalmitis.
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Fig. 15.4 MRI showing a
ring enhancing lesion in the
temporal lobe. The red arrow
points to the lesion

Fig. 15.5 (a) TEE showing
mitral and aortic valve
vegetations. The red arrow
points to the mitral valve and
the white arrow points to the
aortic valve. (b) TEE showing
moderate aortic regurgitation.
LA Left atrium, Ao Aorta

Blood cultures were positive for Streptococcus mutans. A
TEE (Fig. 15.5) showed mitral and aortic valve vegetation,
with moderate aortic regurgitation.

The patient underwent therapy with 8 weeks of IV ceftriax-
one, followed by four additional therapy with amoxicillin and
minocycline. He had repeat echocardiogram 5 months later
that showed larger mass and he was referred for surgical evalu-
ation. However due his general condition, surgery was not per-
formed at that time and it was decided to manage him medically.
He later had an unexplained neurological event, with no resid-
ual deficits while on a vacation. Finally, repeat echocardiogram
on 10/22/14 confirmed resolution of the vegetation.

Discussion

Endocarditis, by its nature is a systemic disease. Multiple
organ systems can become involved either by direct intravas-
cular bacterial seeding or through rheumatological phenom-
ena, as outlined in Table 15.3.

According to both the ESC and AHA guidelines, a stroke
due to endocarditis/vegetation, is an indication for surgery
(See Table 15.1) and should be performed without delay [16,
17]. However, if an intracranial hemorrhage is found, then
surgery should be delayed for at least 1 month [16, 17]. The
AHA guidelines also state that surgery may be considered in
the presence of a stroke and residual vegetation [17].

A Case of Infective Endocarditis Involving
a Prosthetic Valve Is Demonstrated Below

Case 5: Prosthetic Valve Endocarditis

The case presented is of a 50 year old woman with past medi-
cal history of Hodgkin’s lymphoma, treated with chemo radia-
tion therapy. Her treatment was complicated by
radiation-induced coronary artery disease, heart block and val-
vular disease. In the past she had undergone a coronary artery
bypass grafting (CABG) in 2001 and a re-do CABG in 2005,
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Table 15.3 Systemic manifestations of Endocarditis
Organ system Lesions

Neurologic [18]

Ophthalmologic [19]

Embolic brain infarction, TIA, cerebral
hemorrhage, meningitis, brain abscess, toxic
encephalopathy, headache

Roth (or Litten) spots (retinal hemorrhages with

S.W. Yusuf et al.

Diagnosis
Full neurological exam, brain CT scan,
lumbar puncture

Ophthalmologic exam

white centers), conjunctival hemorrhage,

endophthalmitis
Dermatologic [20]

Osler’s nodes (tender palpable nodules on finger
tips), Janeway’s lesions (non-tender
erythematous lesions on palms and soles),

Full skin exam. Biopsy and culture of
Osler’s nodes or Janeway’s lesions may
yield the causative organism

purpura, conjunctival hemorrhages

Splenic [21] Splenic infarcts
Pulmonary [21] Septic infarct, abscess
Renal [21]

Renal infarcts, abscess, glomerulonephritis, or
antibiotic treatment-induced complications

Abdominal CT scan
Chest x-ray, CT scan

Abdominal CT, urinalysis, complement
levels, rheumatoid factor

including acute interstitial nephritis

Rheumatologic [22]

permanent pacemaker insertion for complete heart block, and
an mechanical aortic valve replacement 12 years prior to cur-
rent admission. She also had renal failure for which she was on
hemodialysis via a tunneled dialysis catheter.

She presented with septic shock requiring pressors. A
chest x ray showed infiltrates and serum troponin was ele-
vated with a peak level of 1.78 ng/mL. Tracheal aspirates
grew Pseudomonas aeruginosa and she was treated with IV
ceftazidime and IV ciprofloxacin. A TTE showed an aortic
valve vegetation, attached to the prosthetic valve (Fig. 15.6).

The patient continued to deteriorate and died of multior-
gan failure 13 days after the echocardiogram.

Discussion

Prosthetic valve endocarditis (PVE) accounts for about 20%
of all cases of infective endocarditis [16]. It is classified as
either early, those cases diagnosed within 1 year of implanta-
tion, or late, occurring >1 year after surgery. Early PVE is
associated with more virulent organisms including S. aureus,
gram negative bacteria and fungi, while late PVE is associated
with more typical endocarditis species including oral strep-
tococci, besides staphylococci and enterococci. The risk
thromboembolic events in PVE is higher than in native valve
endocarditis. If endocarditis is suspected in a patient with a
prosthetic valve, then transesophageal echocardiography
(TEE) should also be obtained and is mandatory [16, 23].
Other investigations that are helpful includes 18 FDG PET/
CT or leucocyte labelled SPECT/CT and cardiac CT [16].
Finally, the Duke criteria is not as sensitive in PVE as in
native valve endocarditis. Hence patients with a clinical sus-
picion should be investigated by imaging techniques outlined
above.

Septic arthritis, aseptic synovitis, back pain,
vertebral osteomyelitis, myalgia

X-ray, CT scan, arthrocentesis, serum
cryoglobulins, complement levels

Fig. 15.6 TTE showing an aortic valve vegetation, attached to the
prosthetic valve. The red arrow points to the vegetation and the white
arrow shows the prosthetic valve. Ao Aorta, LV Left ventricle

Treatment of PVE is based on patient risk stratification.
According to the 2015 ESC guidelines [16], patients with
high-risk features such as persistent fever, abscess, severe
prosthetic dysfunction or heart failure, should be considered
for an early surgical strategy (see Table 15.1). Otherwise a
course of antimicrobial therapy is given similar for patients
with NVE. Patients should be frequently reassessed during
antibiotic treatment for complications [16].
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Fungal Endocarditis Is Demonstrated
in the Next Case

Case 6: Fungal Endocarditis

A 34 year old woman with refractory acute myelocytic leu-
kemia, who was being treated for presumed fungal pneumo-
nia. Figure 15.7 shows the CT scan of the chest. TTE showed

Fig. 15.7 CT scan of the
chest shows opacities
consistent with fungal
infection
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a tricuspid valve (TV) vegetation with features suggestive of
a fungal vegetation as shown (Fig. 15.8).

She was treated with IV voriconazole and IV caspofun-
gin. Due to profound neutropenia and thrombocytopenia, she
was not a candidate for surgery. She later had two consecutive
admissions related to invasive fungal infection. The first was
for fungal sinusitis and the second for severe sepsis. She died
22 days after this echocardiogram was performed due to sepsis.

Fig. 15.8 TTE (multiple views) showing tricuspid valve vegetation. The white arrow in each image points to the vegetation. The red arrow points
to the tricuspid regurgitation
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Discussion

Less than 2% of endocarditis cases are due to a fungal
pathogen. Fungal infection is more frequently observed in
patients with PVE, central venous catheter, IV drug abus-
ers and immunocompromised patients [24]. Half of reported
cases of fungal endocarditis from 1995 to 2000 were of
patients who had central venous catheters and broad-spec-
trum antibiotic use, prosthetic valves made up the other half
with less than 5% being due to recreational IV drug use. The
majority of cases are secondary to Candida (50-80%) and
Aspergillus species [24].

Diagnosis of fungal endocarditis, like bacterial endocar-
ditis, is based on the Modified Duke criteria. However, fun-
gal endocarditis is classically a more difficult diagnosis and
symptoms have been known to persist for over a month
before the diagnosis is made. Therefore, a high index of sus-
picion is necessary in at risk patients. It should also be noted
that while Candida will grow in over 90% of blood cultures,
blood cultures in a patient with Aspergillus endocarditis is
rarely positive. Antigenic detection is being developed for
the diagnosis of Candida (Mannan and anti-mannan antibod-
ies, B-1, 3 D-Glucan) and Aspergillus (Galactomannan) [25,
26], with inconclusive results.

Surgical valvular replacement is the mainstay of fungal
endocarditis treatment in patients who are candidates and
valve replacement in fungal endocarditis is a class I level of
evidence C and class I level of evidence B recommendation
in the ESC and AHA guidelines respectively [16, 17]. This is
done in conjunction with long-term antifungal therapy.

The Following Two Cases lllustrate Tricuspid
Valve Endocarditis

Case 7: Tricuspid Valve Vegetation

A 55 year female with history of relapsed diffuse large B-cell
lymphoma status post stem cell transplant 1 month, was
admitted to the ICU for respiratory distress and pneumonia.

An echocardiogram was done as part of evaluation which
showed a tricuspid valve vegetation and also revealed cardio-
myopathy with ejection fraction of 30-35%.(Fig. 15.9).

She had already been treated with vancomycin and
meropenem for persistent neutropenic fever. The patient’s
blood cultures were negative. Suspicion of viral causes,
Stenotrophomonas, or atypical infections such as Legionella
were raised. She was treated with broad spectrum antibiotic
coverage with IV acyclovir, IV caspofungin, IV daptomycin,
IV meropenem and IV Bactrim. However, her condition

S.W. Yusuf et al.

continued to deteriorate and her blood pressure continued to
drop in spite of pressor support. She died 9 days after the
echocardiogram.

Case 8: Tricuspid Valve Vegetation

The case presented is of a 46 year old man with history of sig-
moid adenocarcinoma, for which he had undergone surgery and
was on chronic total parenteral nutrition via a right sided
port-a-cath. He was admitted with fever and rigors in Nov 2010.

Blood cultures, catheter tip culture, and urine culture
were positive for Enterococcus faecalis. A transesophageal
echocardiogram (TEE) was done which showed a large TV
valve vegetation (Fig. 15.10).

Fig. 15.9 TTE showing the tricuspid valve vegetation. The red arrow
points to the vegetation. RV right ventricle, RA right atrium
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2 D images

A

: 3 Dimages

B

Fig.15.10 TEE (a: 2 D images. b: 3 D images) showing the tricuspid valve vegetation

He was transferred to an outside hospital for surgical
valve replacement, but was not considered a surgical candi-
date and ultimately was treated medically with ampicillin for
a total of 8 weeks.

He responded well to medical therapy. An echocardio-
gram in Jan 2012 showed complete resolution of the vegeta-
tion. From a cardiovascular point of view he was doing well,
when last seen in Feb 2017.

Discussion

Tricuspid valve endocarditis is a disease that most commonly
affects intravenous drug abusers and patients with indwelling
lines, including central venous catheters and pacemakers.
Organisms are typically more virulent than those causing
left-sided endocarditis. Staphylococcus aureus is the most
common microorganism found, followed by Pseudomonas
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aeruginosa and Alpha Streptococcus [27]. Signs and symp-
toms are generally related to septic pulmonary emboli; how-
ever, if a patent foramen ovale is present, paradoxical
systemic embolization may also occur. The “tricuspid syn-
drome” is the constellation of recurrent pulmonary illness,
anemia, and microscopic hematuria and these findings
should alert one to the possibility of tricuspid valve endocar-
ditis [28].

Current ESC guidelines give a Ila recommendation for
surgical treatment/valve replacement only if an organism is
difficult to treat, the bacteremia lasts for more than 7 days in
spite of appropriate antibiotic therapy, there is a tricuspid
valve vegetation >20 mm after recurrent pulmonary embo-
lism, or if there is severe tricuspid regurgitation leading to
right heart failure that does not respond well to diuretic ther-
apy. Patients should otherwise be treated medically [16].

One of our patient had Enterococcus faecalis which is an
uncommon cause of tricuspid valve endocarditis. In one
study about 13% of IE cases were due to enterococcal strain,
of which 52% were due to E. faecium and 48% were due to
E. faecalis [29]. In this study the tricuspid valve was affected
in only 20% of all cases. These cases are often nosocomial
and are most commonly associated with hemodialysis and
indwelling central venous catheters [29].

The Subsequent Three Cases lllustrate
Non-bacterial Thrombotic Endocarditis

Case 9: Non-bacterial Thrombotic Endocarditis

A 46 year old man with history of pancreatic cancer with
metastases to the liver, presented with a pulmonary embo-
lism and cerebrovascular accident (CVA). The blood cul-
tures were normal and troponin I was elevated with a peak
of 0.74 ng/mL. A TTE showed typical findings of marantic
endocarditis affecting the mitral valve (Fig. 15.11). Given

Fig.15.11 (a) TTE
(parasternal view) showing
mitral valve vegetation.

(b) TTE (apical 4 chamber
view) showing mitral valve
vegetation. The red arrow
points to the vegetations. LA
Left atrium, LV left ventricle

S.W. Yusuf et al.

the patient’s clinical presentation, typical findings on echo-
cardiogram and the negative blood cultures, he was diag-
nosed with non-bacterial thrombotic endocarditis
(marantic).

Resumption of anticoagulation was recommended.

During investigations a CT abdomen showed renal infarct
(Fig. 15.12).

The patient went into hepatorenal syndrome on this same
admission, his condition deteriorated, and he died 11 days
after this echocardiogram.

Case 10: Non-bacterial Thrombotic
Endocarditis

The case presented is of a 60 year old man with metastatic
gastric adenocarcinoma, who was diagnosed with a deep
vein thrombosis and a pulmonary embolism 6 weeks prior to
presentation. He was as admitted with confusion and an

Fig. 15.12 CT scan abdomen showing bilateral wedge-shaped renal
infarcts. The white arrows points to the infarct
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MRI of the brain showed multiple embolic infarcts
(Fig. 15.13). As a part of the investigation a TEE echocar-
diogram was obtained which showed findings suggestive of
marantic endocarditis affecting the aortic valve (Fig. 15.14).
Besides suffering an acute stroke he also had a gastrointesti-
nal tract bleed.

Blood cultures were negative.

The patient underwent embolization by interventional
radiology for his bleeding ulcer, followed by radiation
for his malignancy and also received anticoagulation. He
was discharged home on low molecular weight heparin
(LMWH).

Fig. 15.13 MRI of the brain showing multiple infarcts. The red arrow
points to the infarcts

Fig. 15.14 TEE showing
aortic valve vegetation. The
red arrow points to the
vegetation. Ao aorta

Case 11: Non-bacterial Thrombotic
Endocarditis

A 71 year old man with stage IV lung cancer, myocardial
infarction, diabetes mellitus and paroxysmal atrial fibrilla-
tion underwent a routine MRI brain as a part of staging.
The MRI revealed embolic infarcts (Fig. 15.15).

Subsequently a TEE was obtained which showed findings
suggestive of maranatic endocarditis (Fig. 15.16). Prior to
his TEE, empiric antibiotics were started. However, cul-
tures were negative and the lesion appeared to be consistent
with marantic endocarditis, so these were stopped. Since he

Fig. 15.15 MRI of the brain showing embolic infarcts. Red arrow
points the infarct
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Fig.15.16 TEE (multiple views) showing mitral valve vegetations and mitral regurgitation. The red arrow points to the vegetation and the white
arrow points to the regurgitation. LA Left atrium

also had brain metastases, only aspirin was given for anti-
coagulation. He was discharged home with outpatient pal-
liative radiation therapy for his brain metastases. He passed
away 26 days after the echocardiogram was performed.

Discussion
Nonbacterial thrombotic endocarditis (NBTE), also called

marantic endocarditis, is a non-infectious phenomenon that
occurs in patients with a hypercoagulable state. Common

predisposing conditions are cancer, lupus, or the antiphos-
pholipid syndrome. It can also occur in patients with sepsis,
burns or indwelling catheters [10]. They can occur in up to
4% end-stage cancer patients [30] and 11% of lupus patients
[31]. The form seen in SLE is also known as Libman-Sacks
endocarditis.

NBTE carries a high risk of embolization, in multiple ter-
ritories [32].

The diagnosis of NBTE can be challenging and begins
with a thorough understanding of the patient’s underly-
ing history. Clues suggesting malignancy, lupus, or the
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Fig. 15.17 (a) TEE view with the red arrow on a large vegetation,
circle on area of suspected perforation, confirmed perforation on panel
(b) with jet clearly to left of vegetation. (b) Same image now with over

antiphospholipid syndrome should raise the possibility of
NBTE. The characteristic lesion of NBTE is a sterile bland
thrombus [33]. Lesions typically affect the aortic or mitral
valves but it can also affect other valves [11]. Adherence to
the Duke criteria for classification of infective endocarditis
can help rule out an infectious cause for the lesion as well.
Definitive diagnosis is often made on autopsy study.

Therapy of NBTE includes treatment of the underlying
disease and unfractionated heparin. Warfarin has not been
proven to prevent embolic disease. The use of anticoagula-
tion with heparin in NBTE is a Grade 2C recommendation
by the American College of Chest Physicians [11]. This
differs from guidelines on infective endocarditis in that rou-
tine anticoagulation in native valve infective endocarditis is
contraindicated [34] since it increases the risk of cerebral
hemorrhage [35].

Case 12: Recurrent Embolic Phenomenon

The case presented is of a 42 year old gentleman with a his-
tory of stage III mantle cell lymphoma. He presented with
transient loss of vision and dyspnea on exertion. Patient had
three episodes of transient visual defect affecting his left eye,
with recovery within an hour. Investigations included a CT
angiogram of the carotids which was normal and a TTE
which showed a vegetation on the mitral valve. A TEE con-
firmed the vegetation on the posterior mitral leaflet measur-
ing approximately 1.0 x —0.5 cm, with perforation of the
posterior mitral leaflet (Fig. 15.17).

He was treated with intravenous ceftriaxone and vanco-
mycin, with adequate therapeutic levels and underwent an

imposed color Doppler. Please note that the jet comes to the left of the
vegetation in area that looked intact without color. The white arrow
points to the mitral regurgitation jet

urgent successful mitral valve replacement with a biopros-
thetic valve. Pathology of the mitral valve showed myxoid
degeneration and valve cultures did not reveal any organism.

Discussion

The patient presented with recurrent transient visual symp-
toms, likely due to do micro embolism, from the mitral
valve vegetation. The clinical presentation and the mitral
valve findings on TEE, are indications for valve replace-
ment [16, 17].
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Abstract

Pericardial disease, specifically acute pericarditis, constrictive pericarditis, and pericardial
tamponade, are seen in cancer patients due to the malignant process or from radiation ther-
apy. In this chapter we present an overview of acute pericarditis, constrictive pericarditis
and pericardial tamponade. We also discuss restrictive cardiomyopathy and its differences

from constrictive pericarditis.
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Acute Pericarditis

Acute pericarditis presents as chest pain, electrocardiogram
(ECG) changes, and pericardial friction rub in patients with
an acute inflammation of their pericardium. Acute pericardi-
tis can occur in up to 4% of patients with chest pain [1].
There are many cause of acute pericarditis as shown in
Table 16.1 and they include infectious, autoimmune, meta-
bolic, malignant, drug-induced, and idiopathic etiologies [2].
To make the diagnosis of acute pericarditis patients need to
have two of the following four criteria: typical chest pain,
audible pericardial friction rub, diffuse ST-segment eleva-
tion, and new or worsening pericardial effusion [3].

Figure 16.1 shows an ECG of a patient who presented with
sudden, sharp chest pain which was worse with inspiration and
improved with sitting. On physical exam the patient had a peri-
cardial rub. The ECG in patients with acute pericarditis gener-
ally shows wide spread ST-segment elevation and diffuse PR
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depression, except in lead AVR where there is ST depression
and PR segment elevation. The ECG changes in pericarditis
evolve over four stages. Stage 1 ECG changes last for hours to
days and are comprised of ST segment elevation and PR depres-
sion. Stage 2 has normalization of the PR and ST segment to
baseline. Stage 3 shows diffuse T-wave inversions. Stage 4
shows normalization of the T-wave inversions to baseline.

Echocardiograms in patients with acute pericarditis may
show a pericardial effusion which is typically small in 60%
of cases [4]. CT and MRI show inflammation-related peri-
cardial enhancement.

Table 16.1 Etiology of pericarditis

Type Causes

Infectious Viral, bacterial, mycobacterial, fungal, Q fever

Noninfectious Metastatic cancer, idiopathic, uremia,
hypothyroidism, thoracic radiation

Autoimmune Lupus, rheumatoid arthritis, arteritis,

inflammatory bowel syndrome, post-
myocardial infarction

Phenytoin, procainamide, hydralazine,
cyclosporine

Drug-Induced

Thoracic surgery, thoracic duct injury, chest
trauma causing hemopericardium

Trauma
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Fig. 16.1 ECG of a patient
with positional chest pain and
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Table 16.2 Treatment of acute pericarditis

Dose Initial attack
(First line)
Aspirin 750-1000 mg TID 1-2 weeks
NSAIDs (e.g. 600-800 mg TID 1-2 weeks
Ibuprofen)
Colchicine 0.5 mg BID 3 months
0.5 mg/day (<70 kg or
intolerant to high dose)
(Second line)
Steroids (prednisone) ‘ 0.25-05 mg/kg/day ‘ 1-2 weeks

Treatment of acute pericarditis is directed toward symp-
tom relief and decreasing the chance of recurrence. Aspirin,
non steroidal anti-inflammatory drugs (NSAIDs), and col-
chicine are first-line choice for therapy. Colchicine should
be added to aspirin/NSAIDS in the initial management of
acute pericarditis, as studies have shown significantly
reduced recurrence rate with addition of colchicine.
Steroids should not be used as first line treatment due to
high rates of relapse when stopped. Steroids should only be
used when first line treatment choices are contraindicated
or in refractory cases [3]. For post myocardial infarction
(MI) pericarditis, Aspirin is the drug of choice and colchi-
cine added if high-dose aspirin is ineffective [5]. In post-
MI pericarditis steroids and NSAID are not recommended
and can be harmful [5]. Table 16.2 summarizes the differ-
ent medication used in the treatment of acute pericarditis.

Constrictive Pericarditis

Constriction is caused by pericardial scarring, calcification
and thickening, although, up-to 18% have normal pericardial
thickness [6]. Mediastinal irradiation accounts for 13% cases
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of constrictive pericarditis [6], other causes are pervious
surgery, tuberculosis, and malignant pericardial disease. In
constriction, there is dissociation of intra-thoracic and
intra-cardiac pressures leading to enhanced inter-ventricular
dependence with significant respiratory variation in ventric-
ular diastolic filling. Decrease in left ventricular filling
occurs during inspiration with simultaneous increase in right
ventricular preload and the opposite changes occur in
expiration.

Presenting symptoms are dyspnea and edema in
patients with a remote history of radiation. Clinical fea-
tures include jugular venous distension, Kussmaul’s sign,
pleural effusions, ascites and a pericardial knock.
Diagnosis requires clinical suspicion with imaging evi-
dence of constriction.

Figure 16.2 shows the case of a patient with Hodgkin’s
lymphoma who received prior radiation and presented with
congestion and dyspnea due to constrictive pericarditis.
Echocardiographic findings that are highly suggestive of
constriction are ventricular septal bounce, medial mitral
annulus e’ velocity > 9 cm/s, hepatic vein expiratory dia-
stolic reversal ratio > 0.79, plethoric inferior vena cava [7,
8]. Reduction in mitral inflow velocity during inspiration and
increase during expiration is an important finding [7]
(Fig. 16.2). There is decreased longitudinal strain in antero-
lateral and RV free walls due to restricted motion of the myo-
cardium adjacent to constricted pericardium. Pericardial
calcification can be seen on echocardiogram, chest X-ray
and CT imaging.

Cardiac magnetic resonance (CMR) is a validated test to
detect pericardial thickening, pericardial-myocardial adher-
ence (myocardial tagging), respiratory variation in septal
excursion and real time cine-imaging with greater than 25%
respiratory variation in mitral inflow velocities [9].

Definitive diagnosis is possible by simultaneous left
and right ventricular pressure tracings [10]. Early rapid
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Fig. 16.2 Patient with Hodgkin’s lymphoma who underwent radiation
therapy in 1984. In 2007, he presented with congestion and dyspnea
due to constrictive pericarditis. (a) The red arrow shows portion of
markedly thickened pericardium longitudinally along the lateral wall.

filling with characteristic dip and plateau of ventricular
diastolic pressures and equalization of end diastolic
pressures is seen in all four chambers. This is sensitive but
not specific to constriction [10]. There is inspiratory
decrease in left ventricular (LV) volume with increase in
right ventricle (RV) volume and vice-versa, implying ven-
tricular discordance (Fig. 16.3). Systolic area index i.e.
ratio of RV area to LV area in inspiration versus expiration
greater than 1.1 is the most specific (100%) and sensitive
(97%) diagnostic test [11].

Pericardiectomy is the definitive treatment with mortality
rate of 6-12%. Complete normalization of hemodynamics is
seen in only 60% of the patients [12].

Restrictive Cardiomyopathy

Restrictive cardiomyopathy in cancer patients can occurs as
a consequence of cardiac amyloidosis in multiple myeloma,
tumor infiltration of myocardium or transfusion induced
hemosiderosis. It can also result from mediastinal radiation

(b) Mitral inflow variation in constriction, with the typical decreased
flow velocities with inspiration, which recover with expiration. (c)
Hepatic vein diastolic flow reversal at the onset of expiration (see red
arrows) (With the permission from Yusuf SW et al. 2016 [2])

induced (>30-Gy dose) myocardial damage and fibrosis [9].
It manifests as heart failure from a stiff myocardium causing
diastolic dysfunction.

Figure 16.4 shows an echocardiogram in a patient with a
history of multiple myeloma who presented with signs and
symptoms of congestive heart failure and had biopsy proven
cardiac amyloid. 2D Echocardiographic features in patients
with amyloid heart disease, include increased thickness of
the LV myocardium, a small LV cavity, and increased atrial
size (Fig. 16.4a). As a result, early rapid rise in LV pressure
is seen during diastolic filling. Transmitral flow pattern will
show short mitral E deceleration time and a low A wave
velocity resulting in a high E/A ratio consistent with restric-
tive filling. E’ velocity by tissue Doppler imaging is usually
decreased (Fig. 16.4b). Longitudinal strain in patients with
cardiac amyloidosis classically shows a relative apical spar-
ing (Fig. 16.5). A 12 lead ECG in patients with amyloid heart
disease may show a pseudo-infarct pattern and low voltage
complexes (Fig. 16.6).

Simultaneous LV and RV pressure tracings will show
dip-plateau pattern of early diastolic filling. There is no
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Fig. 16.3 Constrictive Pericarditis: Hemodynamics showing ventricu-
lar discordance (Interdependence) with an increase in right ventricular
(RV) pressure and a simultaneous decrease in left ventricular (LV) pres-
sure during inspiration in a patient with constrictive pericarditis due to
previous thoracic surgery. (The red arrow points to the RV and the
black arrow points to the LV)

dissociation of intra-thoracic and intra-cavitary pressures and
hence, there is equal lowering of pulmonary wedge and LV
diastolic pressures [13]. LV and RV pressures are in concor-
dance during respiration unlike constrictive pericarditis
(Fig. 16.7), showing no enhanced inter-ventricular dependence.
Other features of restriction pattern that are not specific include
LV end-diastolic pressure exceeding RV end diastolic pressure
by 5 mmHg or more, pulmonary artery systolic pressure greater
than 50 mmHg and RV end-diastolic pressure less than 1/3rd of
systolic pressure [13]. Differentiating constriction from restric-
tive cardiomyopathy can be clinically challenging and the two
entities often co-exist. Table 16.3 describes the distinguishing
features of both.

Cardiac MRI as a tool to detect myocardial fibrosis is
promising but its role remains unclear. T1 mapping can be
used to quantify the concentration of gadolinium-based
extracellular contrast agents in the myocardium, which is
related to collagen content/fibrosis [13]. In patients with car-
diac amyloidosis which can lead to restrictive cardiomyopa-
thy, the cardiac MRI shows thickening of the myocardium,
atrial enlargement, and global transmural or subendocardial

A
"
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Fig. 16.4 (a) Four chamber echocardiographic view in a patient with
restrictive cardiomyopathy from cardiac amyloidosis. A thickened left
ventricle with small LV cavity and enlarged atria are seen. (b)
Transmitral flow showing a short mitral E deceleration time and low A
velocity resulting in high E/A ratio, consistent with restrictive filling

Fig. 16.5 Longitudinal strain in a patient with cardiac amylodosis
showing relative apical sparing
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Fig.16.6 A 12lead ECG
from a patient with cardiac
amyloidosis, showing
pseudo-infarct pattern and
low voltage complexes

Fig. 16.7 Restrictive cardiomyopathy: Hemodynamics showing ven-
tricular concordance with a concomitant decrease in LV pressure and a
RV pressure during inspiration in a patient with restrictive cardiomy-
opathy due to cardiac amyloidosis. (The red arrow points to the RV and
the black arrow points to the LV)

late enhancement of the myocardium as in Fig. 16.8 [14].
Treatment of restrictive cardiomyopathy is challenging and
includes management of heart failure and in appropriate
cases, cardiac transplantation.

Table 16.3 Differentiating features of constrictive and restrictive

cardiomyopathy
Features Constriction Restriction
Pericardial thickening Present Absent
Pericardial knock Present Absent
Rapid ‘y’ descent in JVP Present Absent
Inter-ventricular septal bounce | Present Absent
Respiratory variation >25% in | Present Absent
mitral Inflow
Mitral annulus medial e’ Normal/increased | Decreased
velocity
Hepatic vein flow diastolic Present Absent
reversal in expiration
Simultaneous LV/RV tracings | Discordant Concordant
pattern pattern
Systolic area index >1.1 <l1.1
Pulmonary artery systolic Uncommon Often present
pressure >50 mmHg
RVEDP/RVSP >1/3 <1/3
LVEDP—RVEDP <5 mmHg >5 mmHg

Pericardial Tamponade

Pericardial tamponade is the accumulation of fluid into the
pericardial space that can lead to reduction in ventricular fill-
ing and hemodynamic compromise. Patients may present
with symptoms of shortness of breath, tachycardia, hypoten-
sion, pulsus paradoxus, and eventually cardiogenic shock
due to a drop in cardiac output.

12 Lead ECG

The ECG in cardiac tamponade classically shows electrical
alternans, but while it has a high positive predictive value in
detecting cardiac tamponade, its negative predictive value is
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Fig. 16.8 Cardiac MRI of a patient with cardiac amyloidosis. Image
(a) shows thickening of the myocardium along with dilated atria. The
T1 image (b) shows global subendocardial hyperenhancement which is
characteristic of cardiac amyloid

S.A.Hassan et al.

low. Hence due to a low negative predictive value, a 12-lead
ECG cannot be used as a screening tool to exclude cardiac
tamponade [15] (Fig. 16.9).

2D Echocardiographic and Doppler Evaluation

Echocardiography is the diagnostic test of choice for diagno-
sis of pericardial tamponade. Echocardiography can help
determine the size and location of the pericardial fluid.
Furthermore, it allows the determination of whether cardiac
tamponade physiology is present.

With increased in pericardial pressure due to the accumu-
lation of fluid in the pericardial space, there is a reduction in
RV chamber size, collapse of the RV during early diastole,
and RA inversion during atrial diastole [16, 17]. In particu-
lar, with RV collapse there is an associated 21% decrease in
cardiac output [18]. RA inversion or collapse can also be
seen with cardiac tamponade. In particular, a RA inversion
time index >0.34 has the highest sensitivity and specificity in
detecting cardiac tamponade in patient with a large pericar-
dial effusion [19].

Table 16.4 list the sensitivity and specificity of echocar-
diographic signs for cardiac tamponade.

Figure 16.10 shows a subcostal view of an echocardio-
gram of a patient with evidence of RV chamber collapse who
presented with shortness of breath, tachycardia and hypoten-
sion. Figure 16.11 shows RA collapse of a different patient
who presented with similar symptoms.

Doppler echocardiographic measurements are also
altered in cardiac tamponade. E-velocity changes with
respiration have been demonstrated across the mitral and
tricuspid valves in patients with cardiac tamponade. The
percentage change in E-velocity was determined as
(INSP-EXP)/EXP where INSP was defined as the first
beat of inspiration and EXP was defined as the first beat of
expiration. In one early study, with cardiac tamponade the
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Table 16.4 Sensitivity and specificity of signs of pericardial tampon-
ade in patient with large pericardial effusions (modified from Shrairer
et al. Cardiology in Review. 2011; 19; 233-238)

Specificity PPV |NPV
Sensitivity (%) (%) (%) (%)

RA collapse 55 88 10 99
RA collapse-1/3 94 100 - -
cardiac cycle

RV collapse 48 95 38 99
IVC plethora 97 66 7 99
Large PEF 73 97 45 99

RA right atrium, RV right ventricle, /VC inferior vena cava, PEF pericardial
effusion, PPV positive predictive value, NPV negative predictive value

Fig. 16.10 Echocardiogram showing RV chamber collapse. RA right
atrium, RV right ventricle, LA left atrium, LV left ventricle, PEF peri-
cardial effusion

mitral E-velocity decreased by 43% during inspiration.
The tricuspid E-velocity increased by 85% with inspira-
tion [20].

Figures 16.12 and 16.13 show the mitral and tricuspid
valve velocity in a patient with cardiac tamponade who
presented with dyspnea and tachycardia. In general, varia-
tions in E-wave velocities during respiration across the
mitral valve and tricuspid valve greater than 25% and
50%, respectively, may indicate cardiac tamponade.
However, when evaluating for changes across the valves,
other disease states such as COPD, pericardial constric-
tion, and severe tricuspid regurgitation should be
accounted for. One way to distinguish between cardiac
tamponade and COPD, is that the maximal change in
e-velocity during inspiration will occur in the very first
beat after inspiration as opposed to the more gradual drop
seen in e-wave velocity with pulmonary conditions such
as asthma [21].
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Fig. 16.11 Echocardiogram showing RA chamber inversion/collapse
(arrow)

AMUBMRAMALCARLAY
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Fig.16.12 E-wave velocity across the MV valve showing >25% respi-
ratory variation

With hemodynamically significant pericardial effu-
sions and cardiac tamponade, RA pressure will invari-
ably be increased which leads to dilation of the inferior
vena cava that can be easily studied by echocardiography.
An estimated RA pressure can be calculated form these
findings [22].
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Fig. 16.13 E-wave velocity across the TV valve showing >50%
respiratory variation

Large pericardial effusion or effusion with tamponade
can be drained via percutaneous approach. For recurrent
pericardial effusion a pericardial window is indicated.
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Amy M. Berkman and Susan C. Gilchrist

Abstract

Exercise therapy improves vascular function and survival. In this chapter we briefly review
the benefits of exercise therapy in patients with cancer.
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Introduction

Common treatments for cancer, such as molecular targeted
therapies, radiation, and particular chemotherapeutic agents
are known to directly contribute to structural heart disease,
vascular compromise, and systolic heart failure [1]. In addi-
tion, cardiovascular disease (CVD) risk factors, such as body
weight, blood pressure, and cardiorespiratory fitness (CRF)
worsen in cancer patients post-treatment, compared to pre-
diagnosis risk factor burden [2, 3]. Medical therapies, such
as aspirin or anticoagulants to prevent or treat thrombotic
risk [4] statins, angiotensin-converting enzyme (ACE) inhib-
itors, or beta-blockers to treat cancer patients who have left
ventricular (LV) dysfunction [5, 6]; and protective therapies,
such as dexrazoxane, specifically aimed at preventing anthra-
cycline induced cardiotoxicity [7], are currently used to off-
set cancer related insults to the cardiovascular system.
However, the timing of CVD events in cancer patients is
unpredictable and can occur years after a cancer diagnosis
and treatment, making the timing and choice of medical ther-
apies challenging.
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The potential of non-medical therapy, particularly exer-
cise training, is receiving increasing attention as a safe and
effective way to mitigate the cardiovascular effects of cancer
treatment, as well as promote future all-around health. In
non-cancer populations, exercise training has already been
shown to reduce recurrent myocardial infarction, improve
survival among patients with coronary artery disease,
improve LV function, and reduce the risk of stroke [8—12].
In addition, aerobic exercise training has proven to be an
effective means of inducing weight loss, decreasing the risk
of hypertension, and improving CRF [13-15]. While exer-
cise training has not been studied as extensively in the can-
cer population, data are promising, with exercise training
shown to significantly improve vascular function [16, 17],
skeletal muscle function [18, 19], and maintain or improve
CRF in cancer patients [19-23], a key predictor of survival
[24-28].

Assessment of CRF Prior to Exercise Training
in Cancer Patients

Given the role for exercise training to improve the cardiovas-
cular health of cancer patients, it is important to implement
standardized clinical measurements and practices across the
cancer care spectrum. A good starting point is the measure-
ment of CRF. CRF is an objective measurement of response
to aerobic exercise training, as well as a marker of acceler-
ated cardiac aging experienced during cancer treatment, and,
importantly, prognostic of survival before and after a cancer
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diagnosis [20, 29]. Measurement of CRF (VOype), via
cardiopulmonary exercise testing (CPET), is clinically fea-
sible and established in the cancer setting [30]. CPET is a
non-invasive test performed on a treadmill or stationary bike
that measures both gas exchange (requiring a mouthpiece or
facemask) and cardiac (ECG) monitoring. Uniquely, it can
simultaneously assess multiple organ systems (cardiac, skel-
etal muscle, pulmonary) impacted by cancer treatment.
Additionally, CPET can help clinicians make decisions
regarding cardiopulmonary readiness for an exercise training
regimen, as well as inform individually tailored exercise pre-
scriptions for cancer patients. A CPET should be performed
to make sure that cancer patients participate in aerobic exer-
cise from a cardiopulmonary standpoint and in order to
assess current CRF level and heart rate response to exercise.
Importantly, exercise intensity recommendations are based
on a percent of VO, attained during CPET. After cardio-
pulmonary readiness has been assessed, opportunities to
incorporate exercise training in the cancer setting to improve
CRF and mitigate decline of cardiac health can be initiated.
Below are several case examples of exercise training across
different points in the cancer continuum.

Case Examples of Exercise Training
in the Cancer Setting

Post Diagnosis/Prior to Surgery

Exercise training prior to surgery (prehabilitation) pro-
vides an opportunity to mitigate loss of CRF and enhance
functional capacity prior to surgery [31]. A recent system-
atic review of 18 exercise training trials among 966 cancer
patients provides supportive evidence of its effectiveness.
A typical patient and exercise prescription are as follows:
a 65 year old man presents with stage T2 nonsmall-cell
lung cancer. He is a former smoker and is currently over-
weight with a BMI of 27 kg/m? and CRF (VOypey) of
15.7 mL/kg/min, which is lower than expected for his age.
A 5-week exercise prescription, either on cycle ergometer
or treadmill, is recommended prior to surgery. The patient
is told to exercise 5 days for 20 min each day at an inten-
sity of 60% of VO, during the first week of exercise
training (Of note, intensity is determined by the patient’s
peak heart rate (PHR) during CPET, given heart rate is lin-
early related to VO, (40%—85% of VO, is equivalent to
50%-90% of PHR)). On weeks 2 and 3 he should continue
to exercise 5 days out of the week for 20-25 min sessions
and at 60-65% VO,ex On weeks 4 and 5 the patients will
perform 3-4 sessions/week at 60-65% VOy,x for
25-30 min as well as 1-2 session/week of interval training
(30 s at peak VO, followed by active recovery for 60 s with
a total of 10-15 intervals). Under this exercise training

regimen, the patient can be expected to increase his CRF
by 3.3 mL/kg/min, which is a clinically significant change
in CRF [32].

During Active Treatment

Based on a systematic review and meta-analysis by Schmitz
et al., there is weak evidence for exercise interventions to
improve CRF during active treatment in breast cancer [33].
However, the weight of the evidence does suggest that exer-
cise mitigates loss of CRF during active treatment. For
example, a 50 year old female breast cancer patient with a
BMI of 26.5 kg/m? and a VO, of 29 mL/kg/min, assessed
by CPET, who exercises at the Physical Activity Guidelines
for Americans recommended 75 min/week of vigorous aer-
obic exercise or 150 min/week of moderate aerobic exer-
cise can expect to lose 12% of her CRF over 16 weeks of
breast cancer treatment. For this patient, an exercise regi-
men that can successfully mitigate this fitness loss is as fol-
lows: 50-60 min sessions 3 times/week on either a cycle or
rowing ergometer, treadmill, or elliptical; weeks 1 and 2
sessions should be performed at an intensity of 55-60%
VO,pe, Weeks 3 and 4 sessions should be performed at
60-65% VOope, Wweeks 5 and 6 sessions should be per-
formed at 65-70% VO,pei, and remaining weeks 7-16 ses-
sions should be performed at 70-75% VO, Following
this exercise training prescription, the patient can expect to
only lose 9% of her CRF, which is an improvement over the
expected loss [21]. This is important given the loss of CRF
experienced during active treatment can be substantial
(~30%) [29]; as such, maintaining CRF during treatment
has the potential to promote quicker recovery and improve-
ment in CRF in the post-treatment setting.

Post Treatment

The benefits of exercise training in the post-treatment setting
on CRF have been demonstrated in multiple cancer types.
Based on a meta-analysis of randomized controlled trials, a
pooled increased in VO, of 2.2 mL/kg/min (p < 0.01) has
been demonstrated among cancer survivors including breast,
colorectal, prostate, lung, and lymphoma malignancies [34].
Exercise training post treatment is performed with the goal
of getting a patient back to their pre-diagnosis CRF level.
This is important regardless of age or cancer diagnosis, but
may be particularly important among survivors of childhood
cancer who are eager to get back to the pre-diagnosis school
and community activities. For example, a 16 year old male
survivor of childhood acute lymphoblastic leukemia presents
with a BMI of 25.1 kg/m?* and a VO, of 35.2 mL/kg/min.
For this patient, a 16 week, home-based exercise training
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regimen is prescribed, which consists of both strength train-
ing and aerobic activity. The strength training prescription
includes resistance exercises that target all major muscle
groups and should be completed 3—4 times/week. Aerobic
exercise, consisting of brisk walking, jogging, or sports,
should be undertaken at least three times a week for at least
30 min/session. After completing 16 weeks of training, the
patient on average will significantly increase his CRF by
5.4 mL/kg/min [35].

Conclusion

Exercise is a non-pharmacologic strategy to mitigate
cardiac insult and promote improvement in CRF across
the cancer continuum. We recommend use of CPET
prior to exercise training to (1) provide an objective
assessment of cardiopulmonary health, (2) determine
feasibility to perform exercise training, and (3) provide
objective data and exercise goals for patients, oncolo-
gists, primary care physicians and others in health care
field invested in a cancer patient’s recovery. CPET also
offers a level platform to begin cancer rehabilitation,
specifically aerobic exercise, independent of the cancer
rehabilitation model chosen to be cost-effective and
feasible across institutions and communities. Integrating
this message and delivering personalized exercise pre-
scriptions to patients in the cancer setting should be a
priority in cancer care, especially given the impact of
exercise training on CRF, as illustrated in the cases
above. Ultimately, exercise should be promoted and
maintained across all facets of the cancer continuum,
including the preventative setting.
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B myocardial infarction, in RCA territory, 23
Benign cardiac tumors, 157 myocarditis, 34
Beta blockers, 59-61 myxoma, 157
Biventricular-implantable cardioverterdefibrillator (BiV-ICD), 177, non-mobile mass, 27
178 non-ischemic cardiomyopathy, 26
Blue toe syndrome, 102, 104 papillary fibroelastomas, 158
Breast cancer paragangliomas, 160
GLS in, 4-5 patient with, hypertensive cardiomyopathy, 18
radiation treatment for, 110, 113, 114 pseudomasses, 156—157

reduced LV/RV function, 20
rhabdomyomas, 160

C scan, 47

CABG, see Coronary artery bypass graft surgery (CABG) secondary cardiac tumors, 163

Cancer, 1 sortic stiffness evaluation, 30

Cancer treatment-related cardiomyopathy, 15 suggestive, of cardiac sarcoidosis, 21

Cardiac amyloidosis, 42, 43 with T1 mapping, 29

Cardiac auto-transplant, 171 valvular disease, 24

Cardiac device(s), 175, 176 Cardiac mass, 35
case presentation, 177-179 Cardiac MRI, 35-37
knowledge gaps, 176 Cardiac Review and Evaluation Committee (CREC), 64
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PE (see Pulmonary embolism (PE))
risk factors, 135

SVC (see Superior vena cava (SVC) syndrome)
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management of, 82—-85

Myocardial strain analysis, 28

Myocarditis, 34

Myxoma, 157-158

N
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Non-medical therapy, 205
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PCI, see Percutaneous coronary intervention (PCI)
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Transthoracic echocardiogram (TTE), 35, 49
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