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Introduction

In this chapter we will explore, in some detail, cardiovascular
conditions encountered in oncologic emergency medicine
and discuss chemotherapy and radiotherapy contributions to
their etiology. The chapter will discuss potential and known
mechanisms of action for commonly used cancer therapies.
Furthermore, comprehensive diagnosis and treatment dis-
cussions will provide emergency physicians with the tools
to manage oncology-related cardiovascular emergencies
encountered in clinical practice.

The most common oncocardiologic emergencies involve
(1) arrhythmias, (2) ischemic heart disease, (3) heart failure,
(4) thromboembolic disease, (5) hypertension, and (6) malig-
nant pericardial effusion.

Arrhythmias

Arrhythmias often require patients to seek emergency depart-
ment (ED) attention. Arrhythmias may be related to a
patient’s malignancy and cancer treatment or may be the
result of an unrelated medical problem. Milder symptoms
include “palpitations” or “fluttering in the chest,” while more
serious sequelae include near syncope or syncope. Patients
may present after experiencing transient or permanent neu-
rologic deficits, peripheral embolization, or acute claudica-
tion as the result of clot migration.

(a) Primary arrhythmias are disturbances that arise from
cardiac and pericardial structures. These can be caused
by focal (involving one or more localized areas of the
myocardium) or diffuse abnormalities. These can occur
in cancer and non-cancer patients and may be related to
ischemia; increased intracardiac pressure and wall
stress; congestive, hypertrophic, and infiltrative cardio-
myopathy (CMP); and fibrosis related to age. Several
other abnormalities may be more common in the can-
cer patient including intracardiac thrombi, primary
(benign myxomas, malignant sarcomas) and metastatic
malignant intracardiac tumors (carcinoma of the lung,
breast, malignant melanoma, lymphoma, and leuke-
mia), amyloid infiltration, myopericarditis, pericardial
constriction, and cardiomyopathy related to antitumor
agents.

Secondary arrhythmias arise from unidentifiable struc-
tural or localized metabolic abnormalities including
general toxic reactions to drugs or chemicals; increased
sympathetic states related to anxiety; mediator release,
i.e., pheochromocytoma, carcinoid tumors, or hyper-
thyroidism; and derangements of metabolism, i.e., fluid
and electrolyte abnormalities. Additionally in cancer,
tumor lysis may create an environment that is arrhyth-
mogenic [109].

(b)

Table 1 Incidence of QT prolongation in patients associated with spe-
cific chemotherapeutic agents including arsenic trioxide, dasatinib,
lapatinib, nilotinib, and vorinostat

Chemotherapeutic agent  Incidence of QT prolongation

Arsenic trioxide 26-93 % (may persist from 1 to 5 weeks

after infusion) [14, 87, 88]

Dasatinib <1-3 % (FDA website) [14]
Lapatinib Upto 16 % [14]

Nilotinib 1-10 % [14, 89, 90]
Vorinostat 3.5-6 % [14]

1. QT prolongation may lead to ventricular arrhythmias
(Table 1). Cancer patients are at increased risk of QT pro-
longation since 16-36 % have baseline ECG abnormali-
ties [79, 86]. The cancer patient is commonly treated with
QT-prolonging medications other than the chemotherapy,
including antiemetics, antifungals, and quinolone antibi-
otics. Other comorbidities that may be arrhythmogenic
include structural heart disease, renal or hepatic dysfunc-
tion, and electrolyte abnormalities resulting from vomit-
ing, diarrhea, and decreased oral intake.

Mechanism: the mechanism by which these chemo-
therapeutic agents cause QT prolongation is in part block-
age of delayed rectifier potassium current [91].

Diagnosis of QT prolongation is made by ECG inter-
pretation. The ECG-QTec interval is considered normal
when <440 ms and prolonged in men and women if
longer than >450 and >470 ms, respectively. Increases of
>60 ms from baseline or >500 ms after administration of
a medication raise the risk of an arrhythmia. Predisposing
factors include female gender, heart failure (HF), elderly
age, myocardial infarct (MI)/ischemia, electrolyte imbal-
ances, bradycardia, and chemotherapeutic medications
mentioned above [91].

Treatment includes periodic ECG monitoring and
assessment for other agents and conditions that increase
the risk of QT prolongation, i.e., electrolyte abnormalities
(secondary arrhythmia), congenital long QT syndrome,
concomitant antiarrhythmic medicines or other drugs
known to cause QT prolongation, and cumulative high-
dose anthracycline therapy. Dosage adjustment and/or dis-
continuation of predisposing agents may be required [14].
Emergency complications of QT prolongation include
ventricular arrhythmias, particularly torsade de pointes.

Treatment of torsades de pointes (polymorphic ven-
tricular tachycardia) includes intravenous magnesium
sulfate 2 g initially regardless of the serum magnesium
level. Nonsynchronized defibrillation may be appropriate
if sustained, hemodynamically unstable polymorphic
ventricular tachycardia or fibrillation develops. Overdrive
transcutaneous pacing may be indicated to shorten the
QTec. Pacing is effective in preventing recurrence and
may be useful in cases refractory to magnesium or when
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torsades de pointes is precipitated by bradycardia. If over-

drive pacing is initiated, short-term pacing rates of 90-110

beats per minute should be used. Isoproterenol titrated to

a heart rate of >90 beats per minute is another option and

is useful when temporary pacing is unavailable or while

preparing for intravenous catheter insertion. Remember
to always maintain serum potassium levels in the high-
normal range and discontinue any QT-prolonging medi-
cations and drugs interfering with patients’ metabolism

[93]. The goal in the emergency setting must be directed

toward hemodynamic stabilization, discovery of correct-

able pathologies, and control of symptoms.

2. Bradycardia and heart block in cancer patients may be
caused by fibrosis due to old age or radiation therapy,
amyloidosis, and primary cardiac tumors (primary arrhyth-
mia) as these are conditions that potentially affect the
cardiac conduction system [79]. Additionally, bradycardia
and heart block have been associated with the chemothera-
peutic agents paclitaxel and thalidomide.

(a) Paclitaxel cardiotoxicity manifests with an asymp-
tomatic bradycardia that is reversible [67, 80, 81],
and the incidence of this manifestation ranges from
between <0.1 and 31 % [14, 66, 67, 80, 81].

Mechanism postulated for paclitaxel to cause
arrhythmias is via its effects on the Purkinje system
or extracardiac autonomic control [80]. Additionally,
the vehicle Cremophor EL that paclitaxel is formu-
lated in may cause cardiac disturbances. In the case
of hypersensitivity reactions, Cremophor EL is
known to induce histamine release [66]. Histamine
release in the cardiac tissue can increase myocardial
oxygen demand as well as coronary vasoconstriction
and chronotropic effects [67].

(b) Thalidomide-induce bradycardia is reported to occur
in 0.12-55 % of patients treated [82—84].

Mechanism of this induced bradycardia has been
postulated to be due to central sedative effects or an
activation of the vasovagal pathway. Thalidomide
reduces tumor necrosis factor-alpha levels causing
rapid and complete inhibition of the dorsal motor
neurons (part of the nucleus of the vagus nerve). This
could lead to over-reactivity of the parasympathetic
nervous system resulting in bradycardia. Additionally,
thalidomide-induced hypothyroidism may cause
bradycardia [83, 85].

Diagnosis of bradycardia is typically defined as a
heart rate <60 beats per minute. Thyroid disease or
electrolyte abnormalities should be considered for
these cases.

Treatment for bradycardia associated with pacli-
taxel can range from monitoring only to pacemaker
implantation. Cardiac monitoring for the first hour of
paclitaxel infusion is recommended [ 14]. Bradycardia

associated with thalidomide use depends on the
severity of clinical symptoms. Certainly if symptoms
are clinically significant, the agent should be discon-
tinued. If third-degree heart block is present, a per-
manent pacemaker is indicated. All concomitant
medication inducing bradycardia including beta-
blockers, calcium-channel blockers, and digoxin
should be discontinued.

Ischemic Heart Disease

When a cancer patient presents to the ED experiencing chest
pain [50], they often require a workup and treatment for
myocardial ischemia. Chest pain can be a manifestation of
unstable angina and acute coronary syndrome both of which
refer to more serious cardiac etiologies of ischemic heart dis-
ease. Unstable angina includes new-onset angina, angina at
rest, acceleration of angina, and post-infarct angina. Acute
coronary syndrome encompasses unstable angina but addi-
tionally includes non-ST elevation and ST-elevation myocar-
dial infarction [110]. Therapies to combat cancer that may be
associated with increased risk of coronary artery disease and/
or acute coronary syndrome (ACS) include radiation and
chemotherapy. Some of the chemotherapeutic agents impli-
cated include:

1. Alkylating agents including cyclophosphamide: These
have been postulated to cause intracapillary microem-
boli and resultant ischemic myocardial damage [13, 27].
Furthermore, coronary vasospasm has been proposed as
a mechanism by which cyclophosphamide cause isch-
emia [10].

2. Antimetabolites include capecitabine (Xeloda) and
5-Fluorouracil (Adrucil). The most common symptom of
5-Fluorouracil (5-FU) cardiotoxicity is angina-like chest
pain. It is less commonly associated with myocardial
infarction (MI), arrhythmias, heart failure (HF), cardio-
genic shock, and sudden death [51, 52]. The incidence of
cardiotoxicity associated with 5-FU ranges in the litera-
ture between 1 and 68 % [10, 51-58]. Cardiac events
occur within 2-5 days after initiation of therapy and may
last up to 48 h [51]. Ischemic electrocardiogram (ECG)
changes have been reported in 68 % of patients; however,
only 43 % have elevations of serum cardiac markers [59].
Mortality is estimated to be 2.2—13 % [54, 57]. High doses
(>800 mg/m?) and continuous infusions are associated
with increased risk for cardiotoxicity (7.6 %) as compared
to bolus injections (2 %) [51, 54, 59]. Other risk factors for
cardiotoxicity include history of cardiovascular disease,
prior mediastinal radiation, and concurrent use of chemo-
therapy [52-55, 57, 58]. Capecitabine-induced cardiotox-
icity (including myocardial ischemia/infarct) incidence is
between 3 and 9 % [52, 55, 60, 61]. Typical anginal
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symptoms appear 3—4 h after therapy with dosages rang-
ing from 1500 to 2500 mg/m?/day [51-60]. ECG changes
including ST-segment elevations are noted in many cases
while serum cardiac markers are normal [51-60].
Furthermore, echocardiography and coronary angiograms
are often normal, and previous cardiac disease is not a
consistent risk factor [51-65]. Coronary artery thrombo-
sis, arteritis, or vasospasm has been suggested though
unproven as the pathogenesis of cardiotoxicity associated
with 5-FU and capecitabine [55]. Other mechanisms may
include direct myocardial toxicity, interaction with the
coagulation system, and autoimmune responses [55, 62].
Antimicrotubule agents, including paclitaxel (Taxol),
have been described in cases of myocardial ischemia/
infarct. Several clinical trials report cardiac ischemia in
5 % of patients [66], though others have reported a lower
incidence [67]. In the case of docetaxel (Taxotere)
administration, the incidence of MI is 1.7 % [14, 68].
Myocardial ischemia associated with paclitaxel is
thought to be augmented by underlying heart disease
though the Cremophor EL vehicle in which it is formu-
lated is perhaps responsible for toxicity related to its
induction of histamine release [66].

Monoclonal antibody-based tyrosine kinase inhibitors,
including bevacizumab (Avastin), cause arterial throm-
botic events (ATEs) more frequently in cancer patients
treated with combination chemotherapy rather than as a
single agent [14]. In a pooled analysis of five trials treat-
ing metastatic colorectal cancer, non-small cell lung can-
cer, and metastatic breast cancer, the overall ATE
incidence was 3.8 % [69]. MI/angina is reported to occur
in 0.6 % of bevacizumab-treated patients [69]. ATEs may
occur at any time during therapy, with the median time to
event being approximately 3 months. These events are
not associated with dose or cumulative exposure. Age
>65 and a previous ATE are risk factors [69, 70]. The
mechanism associated with bevacizumab-induced arterial
thrombosis is thought to involve VEGF. VEGF stimu-
lates endothelial cell proliferation, promotes endothelial
cell survival, and helps maintain vascular integrity [71].
Thus, anti-VEGF therapy may decrease the regenerative
capability of endothelial cells in response to trauma, lead-
ing to endothelial cell dysfunction and defects in the inte-
rior vascular lining, exposing subendothelial collagen.
This exposure to collagen-activated tissue factor increases
the risk for thromboembolic events [71, 72]. Additionally,
inhibiting VEGF causes a reduction in nitric oxide and
prostacyclin and increases hematocrit and blood viscosity
via overproduction of erythropoietin, predisposing the
patient to thromboembolism [72].

. Small-molecule tyrosine kinase inhibitors, including

erlotinib (Tarceva) and sorafenib (Nexavar), are associ-
ated with MI/ischemia in 2.3 % of patients receiving 100

mg/day erlotinib with gemcitabine compared with 1.2 %

when receiving gemcitabine alone for the treatment of

pancreatic cancer [14, 73]. With regard to sorafenib,
approximately 3 % of patients in clinical trials experience

myocardial ischemia. Sorafenib is associated with a

higher incidence of Ml/ischemia compared to placebo

among patients treated for renal cell carcinoma (3 % vs.

<1 %) [74].

Diagnosis of ACS is made based on the patient’s clinical
presentation, ECG changes, and the elevation of cardiac
enzymes [75, 76].

Treatment of patients with cancer and suspected ACS
should follow established ACC and AHA guidelines [77].
Caveats to consider in the cancer patient with chest pain and
suspected ACS are that coronary artery occlusion due to arte-
rial embolism [111, 112] and coronary artery vasospasm that
may or may not be related to anticancer therapy are consider-
ably more common in the cancer patient than the general
population. Treatment guidelines [77] include percutaneous
coronary intervention, antiplatelet, and anticoagulant therapy,
all of which can be complicated when treating an emergency
cancer patient due to concomitant thrombocytopenia or recent
surgery. The only data-driven intervention, albeit derived
from a retrospective study, is that aspirin use improves 7-day
survival in cancer patients with thrombocytopenia and ACS
without increasing bleeding risk [78]. Also, beta-blockers use
leads to improved 7-day survival in cancer patients with ACS
[78]. When patients develop chest pain concurrent with 5-FU
and capecitabine therapy, immediate cessation of the agent
and antianginal therapy should be employed and an ischemia
workup initiated. The use of vasodilators including nitrates
and calcium-channel blockers is also advised. Decisions to
restart the offending agent should be made by the treating
oncology team. Sorafenib should be discontinued when
patients develop cardiac ischemia, and bevacizumab should
be discontinued if severe ATEs occur. In the emergent evalu-
ation of cancer patients with suspected ACS, potentially cor-
rectable exacerbating factors (anemia, hyperthyroidism, or
shunting of blood through a vascular tumor) and the increased
risk of thrombolysis or revascularization (owing to increased
bleeding or intracranial metastasis) should be considered
prior to the initiation of a treatment plan. Thrombolytic agents
are absolutely contraindicated in the presence of primary or
metastatic brain lesions.

Heart Failure (HF)

Heart failure (HF) is newly diagnosed in 700,000 people each
year in the United States. HF in cancer patients may be related
to the malignancy or its treatment (Table 2). Several different
coexisting factors may contribute to cardiac dysfunction. This
cardiac dysfunction may remain subclinical until the systolic
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Table 2 Clinically relevant findings to diagnose heart failure per the
Framingham criteria [103] and the American College of Cardiology/
American Heart Association classification [104]

Criteria/
classification

Clinical findings/symptoms
Criteria source manifested in heart failure
Framingham Major criteria  Jugular vein distension
criteria Rales

Paroxysmal nocturnal dyspnea
or orthopnea

Cardiomegaly

Acute pulmonary edema

S3 gallop

Hepatojugular reflex

Increased venous pressure
>16 cm of water

Minor criteria ~ Ankle edema
Dyspnea on exertion
Pleural effusion
Tachycardia (>120 bpm)
Hepatomegaly
Night cough
Vital capacity reduction of 1/3
from maximum
Major or minor Weight loss of 4.5 kg or more in
criteria 5 days in response to treatment
Asymptomatic
Mild symptoms with moderate
exertion
Symptoms with minimal activity
Symptoms at rest

American Class I

College of Class II
Cardiology/

American Heart 65 111
Association Class TV

function deteriorates below some trigger value. The clinically

relevant findings to diagnosis HF are established as per the

Framingham Criteria when either two major or one major and

two minor criterion are present [103].

Patient with Class I and II heart failure can often be man-
aged in the outpatient setting, while patients with Class III
and IV heart failure often need admission to the hospital for
symptomatic treatment.

The following discussion involves chemotherapy-
associated left ventricular dysfunction (LVD) and/or heart
failure (HF) [2, 3, 4] (Table 2).

1. Anthracycline agents, including doxorubicin
(Adriamycin), epirubicin (Ellence), and idarubicin
(Idamycin), can lead to acute, early-onset chronic progres-
sive, and late-onset chronic progressive cardiotoxicity
[6, 7]. Acute cardiotoxicity occurs in <1 % of patients
immediately after anthracycline infusion and manifests
with acute, transient decline in myocardial contractility.
This is usually reversible [8]. The early-onset chronic pro-
gressive occurs in 1.6-2.1 % of patients during the first
year [8] and the late-onset chronic progressive in 1.6-5 %.
The late-onset chronic progressive form typically presents
as a dilated cardiomyopathy in adults [7]. Late-occurring
cardiotoxicity may not manifest clinically until 10-20 years

after treatment. The risk of clinical toxicity increases with
the cumulative dose of anthracycline, bolus administra-
tion, history of prior radiation, the use of other concomi-
tant agents known to have cardiotoxicity, female gender,
underlying cardiovascular disease, age (young and old),
and an increased length of time since anthracycline com-
pletion [6, 7, 9]. These agents are more toxic in cancer
patients with existing cardiac disease, particularly coro-
nary artery disease. Pathophysiologic mechanisms of
anthracycline cardiotoxicity, including doxorubicin, are
dose dependent and involve redox cycling and the genera-
tion of reactive oxygen species (ROS). Zhang et al. dem-
onstrated that cardiomyocyte-specific deletion of Top2b
(encoding topoisomerase-IIb) protects cardiomyocytes
from doxorubicin-induced DNA double-strand breaks
and transcriptome changes responsible for defective
mitochondrial biogenesis and ROS formation. In mice,
cardiomyocyte-specific deletion of Top2b protects them
from the development of doxorubicin-induced progres-
sive heart failure, thus suggesting that doxorubicin-
induced cardiotoxicity is mediated by topoisomerase-II
beta [5]. Recent single-center studies suggest that ACE
inhibitors and beta-blockers are efficacious in the treat-
ment of chemotherapy-induced cardiomyopathy.

2. Alkylating agents including cyclophosphamide (Cytoxan)

and ifosfamide (Ifex) have been associated with heart fail-
ure in 7-28 % of patients [10—13]. This cardiotoxicity may
range from asymptomatic pericardial effusions to HF and
myopericarditis [11, 13]. The risk of cardiotoxicity appears
to be dose related and occurs within 1-10 days after
administration of the first dose [10]. Additional risk fac-
tors include prior anthracycline or mitoxantrone therapy
and mediastinal radiation [10, 12]. The pathophysiologic
mechanism of cyclophosphamide cardiotoxicity is hypoth-
esized to involve direct endothelial injury, followed by
extravasation of toxic metabolites resulting in damage to
cardiomyocytes, interstitial hemorrhage, and edema
[10-13, 27]. Ifosfamide similarly may induce HF.

. Antimetabolites including clofarabine may cause transient

left ventricular dysfunction in up to 27 % of pediatric
patients with acute lymphoblastic leukemia [14].

. Antimicrotubule agents including docetaxel (Taxotere)

are associated with HF incidence between 2.3 and 8 %
[15, 16].

. Proteasome inhibitors including bortezomib in the

treatment of multiple myeloma are associated with the
development of HF [17].

. Monoclonal antibody-based tyrosine kinase inhibitors

including bevacizumab and trastuzumab have been asso-
ciated with the development of HF. In the former, the inci-
dence is between 1.7 and 3 % [18, 19] and the later
between 2 and 28 % [20, 21]. The mechanism of
bevacizumab-induced HF may be related to uncontrolled
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hypertension and inhibition of wvascular endothelial

growth factor (VEGF)/VEGF receptor signaling [28].

Trastuzumab and lapatinib may cause cardiotoxicity sec-

ondary to inhibition of cardiomyocyte human epidermal

growth factor receptor 2 (ErbB2 signaling) by interfering
with normal growth, repair, and survival of the cardio-
myocytes [29-31]. Binding to ErbB2 may regulate mito-
chondrial integrity through the BCL-X proteins, leading

to ATP depletion and contractility dysfunction [32, 33].
7. Small-molecule tyrosine kinase inhibitors including

dasatinib, lapatinib, imatinib mesylate, and sunitinib have

been associated with various cardiotoxicities. Dasatinib is
associated with HF in 2 and 4 % of patients treated for
leukemia [14]. Lapatinib is associated with LVD in 1.6 %

[22]. Imatinib mesylate cardiotoxicity has been reported

to be between 0.5 and 1.7 % [23, 24]. Sunitinib treatment

of gastrointestinal stromal tumor and metastatic renal cell

cancer is associated with LVD in 4-11 % of patients [25].

Dasatinib toxicity mechanisms may be similar to imatinib

since they are both inhibitors of Abl. Dasatinib also inhib-

its Src and a number of other kinases that may be involved
in the development of cardiotoxicity [28]. The mecha-
nism of imatinib cardiotoxicity may be through inhibition
of c-Abl [32, 34]. The possible mechanism of sunitinib
cardiotoxicity, postulated from animal studies, points to
its induction of mitochondrial damage in cardiomyocytes,
but no apoptosis [26]. A hypothesized mechanism is that

HTN may play an important role, since it may inhibit a

receptor tyrosine kinase that helps regulate the response

of cardiomyocytes in HTN. Additionally, it may inhibit
ribosomal S6 kinase, leading to the activation of the

intrinsic apoptotic pathway and ATP depletion [25].

Furthermore, coronary artery disease may be a risk factor

associated with the development of HF [26].

Diagnosing to detect cardiac dysfunction during chemo-
therapy, regular monitoring of heart function is important. A
baseline evaluation of LVEF should be obtained. Alexander
et al. [35] first demonstrated serial assessment of LVEF to be
useful in clinical practice. Furthermore, HF and cardiomy-
opathy should be defined utilizing a thorough clinical history
and physical exam of the patient, combined with diagnostic
testing including electrocardiograms, chest radiography,
routine blood testing, and in the patient with suspected or
known HF, to obtain noninvasive imaging, e.g., contrast
echocardiography, and multi-gated acquisition scan [MUGA]
to evaluate cardiac function [36]. Still, endocardial biopsy
remains the gold standard for diagnosis of CMP. It is the
most sensitive and specific; however, the invasiveness of the
procedure limits its use.

Biochemical markers may be used to detect changes in
LVEF. One study of troponin I demonstrated elevation
soon after high-dose chemotherapy predicted the future
development of LVEF depression [37], and another study

demonstrated that troponin I elevation identifies patients at
higher risks of future cardiac events [38]. Additionally,
B-type natriuretic peptide is positively correlated with car-
diac events and subclinical cardiotoxicity, more specifically
to diastolic than systolic dysfunction [39, 40]. Preventive
measures to minimize the risk of anthracycline-induced
CMP relate to the cumulative lifetime dose of the drug [8].
Other measures recommended to decrease anthracycline-
induced cardiotoxicity include continuous rather than bolus
administration; use of anthracycline analogs including idaru-
bicin, epirubicin, and mitoxantrone, or liposomal anthracy-
clines; and the addition of cardioprotectants including
dexrazoxane. Dexrazoxane may cause cardiomyocyte-
specific deletion of Top2b (encoding topoisomerase-IIb) that
protects cardiomyocytes from doxorubicin-induced DNA
double-stranded breaks and transcriptome changes that are
responsible for defective mitochondrial biogenesis and reac-
tive oxygen species (ROS) formation [5].

Treatment of anthracycline-induced HF includes beta-
blockers and an angiotensin-converting enzyme (ACE)
inhibitor or angiotensin II receptor blocker [41]. These inter-
ventions have been shown to reverse cardiac remodeling and
improve survival. Advanced HF usually requires additional
measures including diuretics, digoxin, or aldosterone antag-
onists. End-stage HF patients without cancer recurrence
could be considered for synchronized pacing, ventricular
assist devices, or cardiac transplant [41]. Enalapril has been
shown to prevent a decline in LVEF as well as cardiac events
in cancer patients treated with high-dose chemotherapy [42].
Other studies of angiotensin-converting enzyme inhibitors
demonstrated that they do not prevent progressive cardiac
dysfunction in all patients [43, 44]. Beta-blockers have also
emerged as standard-recommended treatment [41] in
anthracycline-induced CMP [45, 46]. Carvedilol may have
some therapeutic advantages as it may possess some antioxi-
dant properties [47, 48]. Trastuzumab-induced cardiotoxic-
ity generally reverses over a mean time period of 1.5 months
after discontinuation of the agent [49].

Venous Thromboembolism (VTE)

Cancer is a prothrombotic state. The risk of VTE appears to be

highest in metastatic disease and in those with established risk

factors. Risk factors include the use of central venous catheters
and associated comorbidities including immobility, HF, atrial

fibrillation, dehydration, and concurrent chemotherapy [79].

The following discussion will elaborate on several chemother-

apeutic agents shown to induce VTE disease:

1. Cisplatin is a platinum-based therapy that increases
the risk of thrombotic events. The incidence is between
8.5 and 12.9 % in those treated for urothelial transitional
cell carcinoma [94]. Seventy-four percent of these events,
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including DVT and PE, occurred within the first two

cycles of treatment [94].

2. Vorinostat-associated TE incidence ranges from 4.7 to 8 %
[14, 95, 96].

3. Thalidomide-associated TE incidence ranges from
<5-58 %, depending on whether it is used in newly
diagnosed patients or whether it is used in combination
with dexamethasone or other chemotherapy, specifically
doxorubicin [97-102]. The median time to an event is
3 months [99].

4. Lenalidomide-associated TE incidence ranges from 3 to
75 % 144-149. Similar to thalidomide, lenalidomide TE
incidence rates vary based on whether it is used in combi-
nation with dexamethasone or other chemotherapy,
including doxorubicin [102] and erythropoietin (75 %),
in newly diagnosed patients [99, 102].

5. Erlotinib-associated TE events have been reported in 1.2 and
11 % of patients [14, 73].

The pathophysiology of VTE involved the baseline hyper-
coagulable state seen in cancer. The contributory factors
include high levels of inflammatory cytokines with activation
of the clotting system and inhibition of natural anticoagulant
mechanisms, particularly the activated protein C system,
impaired fibrin polymerization and reduced fibrinolysis, as
well as alteration of endothelial surfaces.

Anticancer treatments contribute to thrombogenesis by
the release of procoagulants and cytokines through
chemotherapy-induced tumor cell damage, direct endothelial
damage, as well as hepatotoxicity, leading to decreased pro-
duction of normally produced anticoagulants [94]. With
respect to the mechanism of cisplatin-associated TE, some
evidence suggests that it induces platelet activation and
aggregation, possibly involving monocyte procoagulant
activity. Cisplatin-based therapies may also alter endothelial
cell integrity [94]. Additionally, cisplatin may elevate von
Willebrand factor levels, cause hypomagnesemia-induced
vasospasm, and have antiangiogenic activity [131, 132].
With regard to thalidomide- and lenalidomide-associated
TE, the mechanism may involve direct action on endothelial
cells previously damaged by doxorubicin [98]. It may also
involve interactions between platelets and the endothelium
[100, 133]. Increased platelet aggregation and von Willebrand
factor have been found in patients treated with thalidomide.

Diagnosis: The test of choice for DVT is compression ultraso-
nography, as it is both sensitive and specific. When PE is sus-
pected, spiral computed tomography angiography is the
diagnostic test of choice. Nuclear medicine techniques, e.g.,
ventilation/perfusion scan, can also be utilized. Magnetic reso-
nance pulmonary angiography may be considered in patients
who have contraindications to iodinated contrast media [99].
Prevention of TE associated with thalidomide and lenalid-
omide has been investigated by the International Myeloma

Working Group who recommend tailoring the choice of
thromboprophylaxis based on individual risk factors includ-
ing age, obesity, previous VTE, central venous catheter,
immobility, comorbidities, concomitant medications, sur-
gery, inherited thrombophilia, myeloma-related risk factors
(diagnosis and hyperviscosity), and myeloma therapy-related
risk factors (concomitant steroids, doxorubicin). When
using thalidomide and lenalidomide alone, no therapy is
recommended. Otherwise, aspirin (81-325 mg) may be
used in patients with no risk factors or <1 risk factor for
VTE. Low-molecular-weight heparin (LMWH) equivalent
to 40 mg enoxaparin or full-dose warfarin is recommended
for those with two or more individual/melanoma-related risk
factors or those receiving concomitant high-dose dexametha-
sone or doxorubicin [99].

Treatment of TE is to relieve symptoms and prevent
embolization and recurrence. Treatment should adhere to
guidelines put forth by the American College of Chest
Physicians. Treatment of patients with TE and cancer should
consist of low-molecular-weight heparin (LMWH) for the
first 3—6 months, followed by either warfarin or LMWH
indefinitely or until the cancer is resolved [134].

Hypertension (HTN)

Hypertension (HTN) and cancer are common (37 %) [92,
113]. The prevalence before chemotherapy is similar to that
in the general population (29 %) [114]. The chemotherapeu-
tic agents given these patients to treat their cancer disrupt
angiogenesis, thereby inducing the development of HTN
[92] (Table 3). The mechanism of antiangiogenic therapy-
related HTN is thought to be related to VEGF inhibition.
VEGF inhibition decreases nitric oxide production in the
wall of the arterioles and other resistant vessels [71]. As nitric
oxide is a vasodilator, its inhibition promotes vasoconstric-
tion, increased peripheral vascular resistance, and blood
pressure [71].

Bevacizumab decreases endothelial nitric oxide synthe-
tase activity which may stimulate plasminogen activator
inhibitor-1 expression, leading to an increased risk of HTN
[120]. Other hypotheses include that VEGF inhibition may
affect the renin—angiotensin system [121] and may also be

Table 3 Common chemotherapeutic agents and their associated
incidence of hypertension

Chemotherapeutic agent Associated incidence of hypertension

Bevacizumab The incidence is 4-35 % [18, 19, 115-117].
Treat with antihypertensive agents while
bevacizumab is continued [14]

Sorafenib 17-43 % of those treated [74] [118, 119],

Sunitinib Ranges from 2 to 8 % [124, 125]. HTN is

seen within the first 4 weeks of therapy [26]
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responsible for cholesterol emboli syndrome leading to
bevacizumab-induced complications [122, 123].

Diagnosis of HTN is defined by the Seventh Report of the
Joint National Committee (JNC) on Prevention, Detection,
Evaluation, and Treatment of High Blood Pressure as blood
pressure >140/90 mmHg.

Treatment of antiangiogenic therapy-induced HTN requires
standard antihypertensives. Bevacizumab-, sorafenib-, and
sunitinib-induced HTN may require combination antihyper-
tensives, and the question of chemotherapy discontinuation is
controversial. ACE inhibitors may be preferred as first-line
therapy due to their ability to prevent proteinuria and plas-
minogen activator inhibitor-1 expression [120] and their
potential to reduce microcirculatory changes, decrease the
catabolism of bradykinin, and increase release of endothelial
nitric oxide [116]. Consideration of drug—drug interactions is
advised in sorafenib-treated patients. Sorafenib is metabo-
lized via the cytochrome p450 system, mainly by CYP3A4.
Dihydropyridine calcium-channel blockers, e.g., diltiazem
and verapamil, should not be used as they are similarly
metabolized. Amlodipine or nifedipine is preferred.
Phosphodiesterase inhibitors or nitrates to increase nitric
oxide levels have been suggested, though not proven, to be
effective [126]. As HTN is a risk factor for HF, it may be
beneficial to deploy medications that prevent morbidity and
mortality of HF including carvedilol, metoprolol succinate,
ACE inhibitors, and angiotensin receptor blockers.

Malignant Pericardial Effusion

Malignant pericardial effusion occurs when there is excess
fluid collection in the pericardial space (sac) caused by malig-
nancy. This condition usually occurs because of obstruction
of lymphatic drainage or an excess of fluid secretion from
tumor nodules on the pericardial surface. Normally, the
pericardial sac contains a small amount of pericardial fluid
(25-35 ml), and it has a very limited ability to distend. When
larger amounts of pericardial fluid develop rapidly, a pericar-
dial effusion may progress to tamponade. Patients may pres-
ent with fatigue, dyspnea, orthopnea, pleuritic chest pain,
syncope, or arrhythmia. Physical exam findings range from
normal sinus to sinus tachycardia, jugular venous distention,
organomegaly, pulsus paradoxus (>10 mmHg drop in systolic
blood pressure during inspiration), lower extremities edema,
hypotension, and, eventually, circulatory collapse. Pulsus
paradoxus can be seen in the absence of tamponade in patients
with lung cancer or other conditions accompanied by signifi-
cant lung disease or cor pulmonale. In patients with chest
malignancies, a finding of pulsus paradoxus suggests effusion,
but not necessarily, tamponade.

Diagnosis includes EKG findings of low QRS voltage,
electrical alternans, and nonspecific ST-T wave changes.

Chest radiographs may reveal cardiomegaly (“water-bottle”
silhouette). Computed tomography and magnetic resonance
imaging frequently detect pericardial effusion as an inciden-
tal finding. These modalities have limited ability to quantify
the effusion. Two-dimensional echocardiography is the
diagnostic test of choice since it can help with establishing
diagnosis and also guide management. Size of the pericardial
effusion is typically graded as minimal, small, moderate (<2
cm), or large (>2 cm). Fibrous strands are frequently seen in
the pericardial space by echocardiography but are difficult to
differentiate from the occasional tumor mass invading the
pericardial space. Echocardiographic signs of cardiac
tamponade include right atrial compression and diastolic
collapse of the right ventricle as well as cardiac “rocking”
(a side-to-side or front-to-back movement of the heart) [106].
Alterations in the respiratory variation of Doppler flow
patterns across the mitral valve can be helpful in evaluating
the hemodynamic effects of pericardial effusion. Inferior
vena cava dilatation that does not collapse with inspiration
(“sniffing”) and (occasionally) left atrial collapse in late
diastole and early systole may be seen. Doppler criteria for
cardiac tamponade include a 25 % decrease in E-flow veloc-
ity amplitude during inspiration seen on the flow pattern of
the mitral valve and/or a 25 % decrease in flow velocity
across the tricuspid valve with expiration.

Common neoplasms associated with malignant pericardial
disease are carcinomas of the lung and breast. Malignant mel-
anoma is the tumor most likely to metastasize to the heart.
Lymphomas (both Hodgkin’s and non-Hodgkin’s), leuke-
mias, and gastrointestinal neoplasms are also associated with
pericardial effusions [105]. Although malignant pericardial
effusion can occur as an early manifestation, they are usually
a late finding in patients with metastases. The majority of
patients are asymptomatic, and the effusion is discovered
incidentally on cardiac ultrasound ordered for other reasons
during their treatment.

Treatment depends on the patient’s hemodynamic stability.
Echocardiography-guided pericardiocentesis with the place-
ment of a drainage catheter into the pericardial space is the
treatment of choice in patients with hemodynamic compro-
mise [108]. Complications are infrequent though pericardial
bleeding can result when a coronary artery is damaged, and
pneumothorax is especially common in patients with coexist-
ing emphysema.

A surgical pleuropericardial window can be made to obviate
the need for repetitive pericardiocentesis. This is usually
achieved in the operating room setting; however, it is possible to
perform under local anesthesia in the ED or intensive care unit.

For patients with hemodynamic compromise and a rapid
accumulation of fluid, the pleuropericardial window offers the
most definitive therapy. The use of local chemotherapeutic
agents or agents given to sclerose the pericardium will prevent
fluid reaccumulation in many patients [107].
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