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Abstract: Heart failure is a common, costly, and debilitating syndrome 
that is associated with a highly complex drug regimen, a large number 
of comorbidities, and a large and often disparate number of healthcare 
providers. All of these factors conspire to increase the risk of heart failure 
exacerbation by direct myocardial toxicity, drug-drug interactions, or both. 
This scientific statement is designed to serve as a comprehensive and 
accessible source of drugs that may cause or exacerbate heart failure 
to assist healthcare providers in improving the quality of care for these 
patients. 
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Heart failure (HF) remains the leading discharge diagnosis among patients ≥65 
years of age. The estimated cost for treatment of HF in Medicare recipients is 
$31 billion and is expected to increase to $53 billion by 2030.1 Hospitalization 

for HF is the largest segment of those costs. It is likely that the prevention of drug-drug 
interactions and direct myocardial toxicity would reduce hospital admissions, thus both 
reducing costs and improving quality of life.

Patients with HF often have a high medication burden consisting of multiple 
medications and complex dosing regimens. On average, HF patients take 6.8 pre-
scription medications per day, resulting in 10.1 doses a day. This estimate does 
not include over-the-counter (OTC) medications or complementary and alternative 
medications (CAMs).2 More than 15 million Americans consume vitamins or CAMs, 
especially those with chronic illnesses. With many prescription medications switch-
ing to OTC status, the consumption of OTC products appears to be increasing. 
Older adults are the largest consumers of OTC medications, taking on average 4 
OTC medications per day. Unfortunately, the information on the prevalence of OTC 
and CAM use in patients with HF is limited. In a single-center study of 161 patients 
with HF, 88% reported using OTC medications, 34.8% took herbal supplements, and 
65.2% took vitamins.

By definition, polypharmacy is the long-term use of ≥5 medications.3 When 
prescription and OTC medications and CAM use are taken into account, polyphar-
macy may be universal in patients with HF. The reasons for polypharmacy among 
patients with HF can be both complex and multifactorial. Some of the reasons 
may be related to the increasing number of guideline-directed medications for HF 
and other comorbidities, as well as the increasing comorbidity burden in an ag-
ing population that may warrant an increasing number of specialist and provider 
visits.4,5

The HF syndrome is accompanied by a broad spectrum of both cardiovascu-
lar and noncardiovascular comorbidities. Five or more cardiovascular and non-
cardiovascular chronic conditions are present in 40% of Medicare patients with 
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HF. This estimate is much higher compared with the 
general Medicare population, in which only 7.6% have 
≥3 chronic conditions.6 Using the National Health and 
Nutrition Examination Survey, Wong et al7 found that 
the proportion of patients with ≥5 comorbidities in-
creased from 42.1% in the period of 1988 to 1994 to 
58% in the period of 2003 to 2008. From this analysis, 
osteoarthritis (62%), obesity (46.8%), chronic kidney 
disease (45.9%), and diabetes mellitus (38.3%) were 
the most common noncardiovascular comorbidities. 
In an analysis of noncardiac comorbidity in 122 630 
Medicare beneficiaries, Braunstein et al8 found that di-
abetes mellitus (31%), chronic obstructive pulmonary 
disease (26%), ocular disorders (24%), osteoarthritis 
(16%), and thyroid disorders (14%) predominated. As 
the burden of noncardiovascular comorbidities increas-
es, the number of medications, medication costs, and 
complexity also may increase.2

In the general population, patients with ≥5 chronic 
conditions have an average of 14 physician visits per 
year compared with only 1.5 for those with no chronic 
conditions.8–11 Medicare beneficiaries with HF see 15 
to 23 different providers annually in both the inpatient 
and outpatient settings, which could in turn increase 
the number of prescription medications prescribed.6 
As the number of prescription medications increases, 
so does the potential for adverse drug events and 
drug-drug interactions. Goldberg et al12 found that pa-
tients taking at least 2 prescription medications had 
a 13% risk of an adverse drug-drug interaction, which 
increased to 38% for 4 medications and 82% with ≥7 
medications.

Drugs may cause or exacerbate HF by causing direct 
myocardial toxicity; by negative inotropic, lusitropic, or 
chronotropic effects; by exacerbating hypertension; by 
delivering a high sodium load; or by drug-drug interac-
tions that limit the beneficial effects of HF medications. 
To avoid these negative effects, healthcare providers 
need a comprehensive and accessible guide of the pre-
scription medications, OTC medications, and CAMs that 
could exacerbate HF.

Using case reports, case series, package inserts, 
meta-analyses, and prospective and observational tri-
als, we provide a clinically relevant list of prescription 
medications that may cause myocardial toxicity or ex-
acerbate underlying myocardial dysfunction, leading to 
the precipitation or induction of HF (Tables 1 and 2), 
and highlight concerns with CAM and OTC medications. 
Medications were selected on the basis of use in the 
HF population and the potential to cause an adverse 
drug event as defined by death; an increase in health 
resource use; a change in New York Heart Association 
(NYHA) class, cardiac function, or cardiovascular dis-
ease; and a significant or transient change in medica-
tion regimen. Table 3 defines the criteria used to evalu-
ate the magnitude of precipitation or exacerbation of 

HF, the strength of evidence for HF precipitation or ex-
acerbation, and the onset of effect for the prescription 
medications discussed.

The American College of Cardiology/American Heart 
Association Class of Recommendation and Level of 
Evidence are derived independently of each other ac-
cording to established criteria13 (Table 4). The Class of 
Recommendation indicates the strength of recommen-
dation, encompassing the estimated magnitude and 
certainty of benefit of a clinical action in proportion to 
risk. The Level of Evidence rates the quality of scientific 
evidence supporting the intervention on the basis of the 
type, quantity, and consistency of data from clinical trials 
and other sources.

Prescription Medications
Analgesics

Nonsteroidal Anti-inflammatory Drugs
Nonsteroidal anti-inflammatory drugs (NSAIDs) are com-
monly prescribed in the United States, accounting for 70 
million prescriptions and 30 billion OTC medications sold 
annually.14 The majority of NSAID-related side effects 
can be attributed to inhibition of prostaglandin produc-
tion through inhibition of cyclooxygenase (COX) isoen-
zymes. Traditional NSAIDs (ie, indomethacin, ketorolac, 
ibuprofen, and diclofenac) act by nonselectively inhibit-
ing both the COX-1 isoenzyme (which is a constitutively 
expressed protein responsible for protective and regu-
latory functions) and COX-2 isoenzyme (which is induc-
ible and overexpressed during inflammation). The newer 
coxibs (celecoxib) selectively block just the COX-2 isoen-
zyme. Through inhibition of COX-1, traditional NSAIDs ad-
versely affect platelet aggregation, maintenance of the 
gastric mucosal barrier, and renal function. NSAIDs have 
the potential to trigger HF through sodium and water 
retention, increased systemic vascular resistance, and 
blunted response to diuretics.

Observational studies suggest an association between 
traditional NSAIDs use and HF precipitation and exacerba-
tion.15–18 In an evaluation of 7277 long-term NSAID users 
over 72 months, the Rotterdam study results found a trend 
to an increased risk for incident HF (adjusted relative risk 
[RR], 1.1; 95% confidence interval [CI], 0.7–1.7). Patients 
with prevalent HF who filled at least 1 NSAID prescription 
since their diagnosis of HF had a 10-fold increased risk for 
recurrence (adjusted RR, 9.9; 95% CI, 1.7–57.0).15 Huerta 
et al18 also found an elevated risk of a first hospital admis-
sion for HF in current users of NSAIDs (adjusted RR, 1.3; 
95% CI, 1.1–1.6) that occurred independently of duration 
of exposure but was associated with higher-dose NSAIDs 
(RR, 1.44; 95% CI, 1.06–1.94).

Debate surrounds the cardiovascular safety of COX-
2–selective inhibitors in patients with HF. In a large, ob-
servational cohort study of 107 092 older adults with a 
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Table 1.  Prescription Medications That May Cause or Exacerbate HF

Drug or Therapeutic 
Class

Association With HF

Magnitude 
of HF 

Induction or 
Precipitation

Level of 
Evidence 

for HF 
Induction or 
Precipitation

Possible 
Mechanism(s) Onset Comments

Causes Direct 
Myocardial 

Toxicity

Exacerbates 
Underlying 
Myocardial 
Dysfunction

Analgesics

 � COX, nonselective 
inhibitors (NSAIDs)

x Major B Prostaglandin 
inhibition leading to 
sodium and water 
retention, increased 
systemic vascular 
resistance, and 
blunted response to 
diuretics

Immediate

 � COX, selective 
inhibitors (COX-2 
inhibitors)

x Major B

Anesthesia medications

  Inhalation or volatile anesthetics

    Desflurane x Major B Myocardial depres-
sion, peripheral 
vasodilation, attenu-
ated sympathetic 
activity

Immediate Sole induction alone 
is not generally 
used because of 
hemodynamic 
instability and airway 
irritation in patients 
with HF

    Enflurane x Major B

    Halothane x Major B

    Isoflurane x Major B

    Sevoflurane x Major B

  Intravenous anesthetics

    Dexmedetomidine x Moderate B α
2
-Adrenergic 

agonist
Immediate

    Etomidate x Moderate B Suppression of 
adrenal function

Not generally used 
for maintenance of 
anesthesia

    Ketamine x Major B Negative inotrope

    Propofol x Moderate B Negative inotrope, 
vasodilation

Diabetes mellitus medications

  Biguanide

    Metformin x Major C Increased anaerobic 
metabolism and 
elevated lactic 
acidosis

Immediate 
to delayed 
(depending 
on renal 
function 
fluctuations)

  Thiazolidinediones x Major A Possible calcium 
channel blockade

Intermediate May be reversible 
on discontinuation; 
not recommended 
in patients with 
symptomatic HF

  Dipeptidyl peptidase-4 inhibitors

    Saxagliptin x Major B Unknown Intermediate  
to delayed

May be a class effect

    Sitagliptin x Major B Intermediate  
to delayed

Antiarrhythmic medications

  Class I antiarrhythmics

    Flecainide x Major B Negative inotrope, 
proarrhythmic 
effects

Immediate to 
intermediate

    Disopyramide x Major B Immediate to 
intermediate

(Continued )
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Antiarrhythmic medications, continued

  Class III antiarrhythmics

    Sotalol x Major B Proarrhythmic 
properties,  
β-blockade

Immediate to 
Intermediate

  Other antiarrhythmics

    Dronedarone x Major A Negative inotrope Immediate to 
intermediate

Antihypertensive medications

  α
1
-Blockers

    Doxazosin x Moderate B β
1
-Receptor 

stimulation with 
increases in renin 
and aldosterone

Intermediate  
to delayed

  Calcium channel blockers

    Diltiazem x Major B Negative inotrope Immediate to 
intermediate    Verapamil x Major B

    Nifedipine x Moderate C

  Centrally acting α-adrenergic medications

    Moxonidine x Major B Possible 
sympathetic 
withdrawal

Intermediate

  Peripheral vasodilators

    Minoxidil x Moderate C Unknown Intermediate

Anti-infective medications

  Azole antifungal medications

    Itraconazole x Major C Negative inotrope Immediate to 
intermediate

Contraindicated 
for treating 
onychomycosis; 
consider only in 
the case of life-
threatening fungal 
infections; reversible 
on discontinuation

  Other antifungal medications

    Amphotericin B x Major and 
moderate

C Unknown Intermediate Reversible on 
discontinuation with 
some improvement 
in LVEF

Anticancer medications

  Anthracyclines

    Doxorubicin x x Major A Prolonged oxidative 
stress caused by 
secondary alcohol 
metabolite

Immediate 
(rare), 
intermediate, 
and delayed

Irreversible; 
risk increases 
with increasing 
cumulative dose; 
delayed can occur 
>20 y after first dose

    Daunorubicin x x A

    Epirubicin x x A

    Idarubicin x x A

    Mitoxantrone x x A

(Continued )

Table 1.  Continued

Drug or Therapeutic 
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Association With HF

Magnitude 
of HF 
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for HF 
Induction or 
Precipitation

Possible 
Mechanism(s) Onset Comments

Causes Direct 
Myocardial 

Toxicity

Exacerbates 
Underlying 
Myocardial 
Dysfunction

D
ow

nloaded from
 http://ahajournals.org by on N

ovem
ber 22, 2022



Page et al

August 9, 2016� Circulation. 2016;134:e32–e69. DOI: 10.1161/CIR.0000000000000426e36

Anticancer medications, continued

  Alkylating agents

    Cyclophosphamide x x Major and
moderate

B Oxidative stress Immediate Can be reversible; 
usually resolves 
within 3–4 wk

    Ifosfamide x x B

    Mitomycin x x Moderate C Reduction to 
semiquinone 
radical; oxidative 
stress

Intermediate Can be reversible; 
usually occurs after 
a median of 3 cycles 
at doses >30 mg/m2

  Antimetabolites

    5-FU x x Major and 
moderate

B Unknown, possibly 
coronary vasospasm

Immediate Can be reversible; 
Takotsubo 
cardiomyopathy 
presentation 
observed, resolves 
within weeks

    Capecitabine x x C

  Targeted therapies

    Bevacizumab x x Major and 
moderate

A VEGFA Intermediate Can be reversible; 
associated 
with significant 
hypertension

    Imatinib x x Moderate B Abl, PDGFR, c-kit Intermediate Rare; may be 
associated with 
worsening edema

    Interferon x x Major and 
moderate

C Unknown Immediate Reversible on 
discontinuation of 
therapy

    Interleukin-2 x Major C Cytotoxic damage to 
the myocardium

Immediate Rare

    Lapatinib x x Major and 
moderate

A ErbB2 Intermediate Can be reversible

    Pertuzumab x x Major and 
moderate

C ErbB2, antibody-
dependent 
cytotoxicity

Intermediate Can be reversible

    Sorafenib x Minor B VEGFR, PDGFR Intermediate Associated 
with significant 
hypertension

    Sunitinib x x Major B VEGFR, PDGFR, Flt-
3, c-kit, AMP-kinase

Intermediate Can be reversible; 
also associated 
with significant 
hypertension

    Trastuzumab x x Major and 
moderate

A ErbB2, antibody-
dependent 
cytotoxicity

Intermediate Can be reversible 
with temporary 
cessation of therapy 
or institution of HF 
medications

  Taxanes

    Paclitaxel x x Moderate B Potentiation of 
anthracyclines

Intermediate Can separate 
administration of the 
anthracycline from 
the taxane

    Docetaxel x x B

(Continued )
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Anticancer medications, continued

  Other cancer medications

    Thalidomide x Minor C Unknown Unknown May be associated 
with worsening 
edema but also a 
potential HF therapy

    Lenalidomide x x Major C Hypersensitivity 
myocarditis

Immediate Rare

Hematologic medications

  Anagrelide x Major A Possible inhibition 
of PD IV

Immediate to 
delayed

  Cilostazol x Major A Inhibition of PD 
III resulting in 
arrhythmias

Unknown Contraindicated in 
HF patients

Neurological and psychiatric medications

  Stimulants x Major (with 
overdose) and

minor

B Peripheral α-  
and β-agonist 
activity

Unknown

  Antiepileptics

    Carbamazepine x Major C Negative inotrope 
and chronotrope; 
depresses phase 
2 repolarization; 
suppress sinus 
nodal automaticity 
and AV conduction

Immediate  
(with 

overdose) to 
intermediate

Reversible on 
discontinuation

    Pregabalin x Moderate to 
minor

C L-type calcium 
channel blockade

Immediate to 
intermediate

  Antidepressants

    �Tricyclic 
antidepressants

x Moderate C Negative inotrope, 
proarrhythmic 
properties

Intermediate  
to delayed

Reversible on 
discontinuation

    Citalopram x Major A Dose-dependent QT 
prolongation

Intermediate Not recommended 
in patients with 
uncompensated  
HF; do not exceed 
40 mg/d

  Antiparkinson medications

    Bromocriptine x Major B Excess serotonin 
activity leading to 
valvular damage

Intermediate 
to delayed    Pergolide x Major A Removed from 

the US market but 
remains in Europe

    Pramipexole x Major A Unknown

  Antipsychotics

    Clozapine x Major C IgE-mediated 
hypersensitivity 
reaction, calcium 
channel blockade

Intermediate 
to delayed

(Continued )
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Neurological and psychiatric medications, continued

  Antimigraine medications

    Ergotamine x Major C Excess serotonin 
activity leading to 
valvular damage

Delayed May not be 
reversible with drug 
discontinuation

    Methysergide x Major C

  Appetite suppressants x Major A Valvular damage Intermediate Fenfluramine, 
dexfenfluramine, and 
sibutramine have 
been removed from 
the US market

  Bipolar medications

    Lithium x Major C Direct myofibrillar 
degeneration, 
adrenergic 
stimulation, 
calcium ion influx 
interference

Intermediate 
to delayed

Reversible on 
discontinuation

Ophthalmological medications

  Topical β-blockers x Major C Negative inotrope Immediate to 
intermediate

Consider lowering 
the dose or 
discontinuing; 
reversible on 
discontinuation

  �Topical cholinergic 
agents

x Minor C Unknown Immediate to 
intermediate

Pulmonary medications

  Albuterol x x Major to 
moderate

B Decreased 
β-receptor 
responsiveness with 
increased exposure

Intermediate 
to delayed

Increased risk with 
systemic use, dose-
response risk with 
inhaled use

  Bosentan x Major A Unknown Delayed

  Epoprostenol x Major A Unknown Immediate Contraindicated 
in HF

Rheumatological agents

  TNF-α inhibitors x x Major A Cytokine mediated Intermediate For infliximab, avoid 
use in patients 
with moderate to 
severe HF; do not 
administer doses 
exceeding 5 mg/kg

  Antimalarials

    Chloroquine x x Major C Intracellular inhibitor 
of lysosomal 
enzymes

Intermediate 
to delayed

Exhibited with  
long-term exposure  
and high doses; 
can be reversible; if 
detected, consider 
endomyocardial 
biopsy with electron 
microscopic 
examination

    Hydroxychloroquine x x Major C

(Continued )
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supplementation of inhalational anesthetic reduces the 
required dose of intravenous anesthetics for minimal 
anesthetic concentration. General anesthetics in high 
doses often induce systemic hypotension attributable to 
myocardial depression, peripheral vasodilation, and at-
tenuated sympathetic nervous system activity.21 Inhaled 
anesthetic agents (eg, isoflurane, sevoflurane, and des-
flurane) are recommended for the maintenance of gen-
eral anesthesia in patients with ventricular dysfunction 
because of their hemodynamic stability and ischemic 
preconditioning properties.22–27 However, sole induction 
with inhalational anesthetics is generally not done be-
cause of hemodynamic instability, airway irritation, and 
relative slower onset compared with intravenous induc-
tion agents in patients with ventricular dysfunction.

Intravenous Anesthetics
Propofol is a short-acting hypnotic agent with potentia-
tion of gamma-aminobutyric acid receptor activity.28 It is 
the most commonly used intravenous anesthetic for 
the induction (2–2.5 mg/kg) and maintenance (6–12 
mg·kg−1·h−1) of anesthesia and for procedural sedation. 
Although propofol has both negative inotropic effects and 
vasodilatory properties proportional to dose, the effects 
on myocardial contractility at clinical concentrations 
are minimal. Propofol protects the myocardium against 
ischemia/reperfusion injury because of its antioxidant 
and free-radical–scavenging properties, as well as the 
related inhibition of the mitochondrial permeability tran-
sition pore. The major hemodynamic consequences of 
propofol anesthesia in the setting of left ventricular (LV) 
dysfunction are veno-dilatation causing LV preload reduc-
tion that results in a decrease in LV diastolic pressure 
and a reduction in chamber dimensions.29 Such changes 
may be beneficial, especially in the setting of elevated 
LV preload. Propofol may be cardioprotective and antiar-

discharge diagnosis of HF, Gislason et al19 found a sig-
nificant dose-related increased risk of hospitalization for 
HF, myocardial infarction (MI), and all-cause mortality for 
those taking a coxib (rofecoxib, celecoxib) or traditional 
NSAID (ie, ibuprofen, diclofenac, naproxen). The Ameri-
can College of Cardiology Foundation/American Heart 
Association HF guidelines recommend that this class of 
drugs should be avoided or withdrawn whenever pos-
sible.13

Anesthesia Medications
With an aging population and increasing prevalence of 
patients with HF, a growing number of high-risk patients 
are undergoing surgical procedures with an increased 
risk of perioperative cardiac morbidity, mortality, and re-
source use. Hammill et al20 observed a 63% increased 
risk of operative mortality and a 51% greater risk of 
30-day all-cause readmission among patients with HF 
compared with patients without HF or coronary artery 
disease. Most anesthetics interfere with cardiovascular 
performance, by either direct myocardial depression 
(negative inotropy) or modification of cardiovascular con-
trol mechanisms (ie, heart rate, contractility, preload, af-
terload, and vascular resistance).

Inhalational or Volatile Anesthetics
The halogenated anesthetics include halothane, enflu-
rane, isoflurane, desflurane, and sevoflurane. These 
inhalational or volatile anesthetics (except halothane 
and enflurane) are commonly used for balanced general 
anesthesia in all patients, including patients with car-
diovascular disease and compromised ventricular func-
tion. Compared with total intravenous anesthesia with a 
single agent (eg, narcotic, propofol, or benzodiazepine), 

Urological agents

  α
1
-Blockers

    Doxazosin x Moderate C β
1
-Receptor 

stimulation with 
increases in renin 
and aldosterone

Delayed

    Prazosin x Moderate C

    Tamsulosin x Moderate C

    Terazosin x Moderate C

Abl indicates Abelson murine leukemia viral oncogene; AMP-kinase, AMP-activated protein kinase; AV, atrioventricular; c-kit, tyrosine protein kinase 
kit; COX-2, cyclooxygenase-2; Erb-B2, Erb-B2 receptor tyrosine kinase 2; 5-FU, 5-fluorouracil; Flt-3, Fms-like tyrosine kinase; HF, heart failure; 
IgE, immunoglobulin E; LVEF, left ventricular ejection fraction; NSAID, nonsteroidal anti-inflammatory drug; NYHA, New York Heart Association; PD, 
phosphodiesterase; PDGFR, platelet-derived growth factor receptor; QT, QT interval; TNF-α, tumor necrosis factor-α; VEGFA, vascular endothelial growth 
factor-A ligand; and VEGFR, vascular endothelial growth factor receptor.
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rhythmogenic by inducing pharmacological precondition-
ing of the myocardium through a mechanism similar to 
the inhalational anesthetics.29 For total intravenous anes-
thesia, propofol is always combined with an opioid and a 

benzodiazepine, with or without a neuromuscular block-
ade agent.

Etomidate is a short-acting hypnotic with gamma-
aminobutyric acid–like effects. It results in the least 
cardiovascular depression of all anesthetics, and it 
does not appear to elevate plasma histamine or cause 
histamine release when administered in recommended 
doses. It is commonly used to induce anesthesia (0.2–
0.6 mg/kg over 30–60 seconds) in patients with car-
diovascular disease; however, it is not generally used 
to maintain anesthesia because it suppresses adreno-
cortical function.29

Ketamine, a dissociative anesthetic, is a noncom-
petitive N-methyl-d-aspartate glutamate receptor an-
tagonist with both direct negative inotropic effects 
and central sympathetic stimulation and inhibition of 
neuronal catecholamine uptake. These latter effects 
counteract the direct negative inotropic effects, re-
sulting in stable hemodynamics during the induction 
of anesthesia. However, in patients with significant LV 
dysfunction, the sympathetic stimulation may not be 
adequate to overcome the negative inotropic effects, 
resulting in deterioration in cardiac performance and 
cardiovascular instability.29

Table 2.  Prescription Drugs Known to Cause Direct 
Myocardial Toxicity

Therapeutic Class Drug

Anthracyclines Doxorubicin

Daunorubicin

Epirubicin

Idarubicin

Mitoxantrone

Antifungals Amphotericin B

Antimalarials Chloroquine

Hydroxychloroquine

Antiparkinson agents Bromocriptine

Pergolide

Antipsychotics Clozapine

Antimigraine agents Ergotamine

Methysergide

Antimetabolites 5-FU

Capecitabine

Alkylating agents Cyclophosphamide

Ifosfamide

Mitomycin

Biologicals Bevacizumab

Imatinib

Interferon

Interleukin-2

Lapatinib

Pertuzumab

Sorafenib

Sunitinib

Trastuzumab

Bipolar medications Lithium

Hematologic agents Anagrelide

Other cancer agents Lenalidomide

Taxanes Docetaxel

Paclitaxel

Stimulants All drugs within this class 
(eg, racemic amphetamine, 
dextroamphetamine, 
methylphenidate, 
methamphetamine, and 
pseudoephedrine)

TNF-α inhibitors All drugs within this class (eg, 
infliximab, etanercept, and 
adalimumab)

5-FU indicates 5-fluorouracil; and TNF-α, tumor necrosis factor-α.

Table 3.  Definitions of Evaluation Criteria

Magnitude of precipitation or exacerbation of HF

 � Major: Effects that are life-threatening or effects that lead to 
hospitalization or emergency room visit.

 � Moderate: Effects that can lead to an additional clinic visit, change 
in NYHA functional class, change in cardiac function, or worsening 
cardiovascular disease (eg, hypertension, dyslipidemia, and 
metabolic syndrome) or effects that lead to symptoms that warrant 
a permanent change in the long-term medication regimen.

 � Minor: Effects that lead to a transient increase in patient 
assessment/surveillance or effects that lead to symptoms that 
warrant a transient medication change.

Level of Evidence of precipitation or exacerbation of HF

 � Level A: Multiple populations evaluated. Data derived from multiple 
randomized, controlled trials or meta-analyses.

 � Level B: Limited populations evaluated. Data derived from a single 
randomized, controlled trial or nonrandomized studies.

 � Level C: Very limited populations evaluated. Data have been 
reported in case reports, case studies, expert opinion, and 
consensus opinion.

Onset of effect

 � Immediate: Effect is demonstrated within 1 wk of drug 
administration.

 � Intermediate: Effect is demonstrated within weeks to months of 
drug administration.

  Delayed: Effect is demonstrated within ≥1 y of drug administration.

HF indicates heart failure; and NYHA, New York Heart Association.
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Dexmedetomidine is an α2-adrenergic agonist that 
has been used intraoperatively as part of balanced an-
esthesia and postoperatively for sedation and analgesia 
after surgery or during mechanical ventilation. In a small, 
retrospective, observation study of children with HF, dex-
medetomidine did not affect heart rate, mean arterial 
pressure, or inotrope score at the termination of infu-
sion; however, 2 patients had a 50% decrease in mean 
arterial pressure and 1 patient had a 50% decrease in 
heart rate compared with baseline in the first 3 hours of 
infusion.30 In neurocritical care patients, dexmedetomi-

dine exhibited similar incidences of severe hypotension 
(mean arterial pressure <60 mm Hg) and bradycardia 
(heart rate <50 bpm) compared with propofol.31

Antidiabetic Medications
Biguanides
Metformin is a biguanide insulin sensitizer that reduces 
hepatic gluconeogenesis. Ninety percent of the drug is 
eliminated by renal excretion. Although considered a 
first-line agent in the management of type 2 diabetes 

Table 4.  Applying Classification of Recommendations and Level of Evidence

A recommendation with Level of Evidence B or C does not imply that the recommendation is weak. Many important clinical questions addressed in 
the guidelines do not lend themselves to clinical trials. Although randomized trials are unavailable, there may be a very clear clinical consensus that a 
particular test or therapy is useful or effective.

*Data available from clinical trials or registries about the usefulness/efficacy in different subpopulations, such as sex, age, history of diabetes, history 
of prior myocardial infarction, history of heart failure, and prior aspirin use.

†For comparative effectiveness recommendations (Class I and IIa; Level of Evidence A and B only), studies that support the use of comparator verbs 
should involve direct comparisons of the treatments or strategies being evaluated.
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mellitus, metformin has a legacy of concern because 
of its biguanide predecessor phenformin, which demon-
strated a strong causal association with lactic acidosis 
and was removed from clinical use in 1978. Tradition-
ally, metformin was contraindicated primarily in condi-
tions predisposing to lactic acidosis such as renal fail-
ure, liver disease, severe pulmonary disease, and HF. In 
an evaluation of 47 patients with metformin-related lactic 
acidosis occurring between 1995 and 1996, 43% had 
a fatal outcome and 91% had ≥1 risk factors for lactic 
acidosis, including 38% with HF.32 However, in 2006, the 
US Food and Drug Administration (FDA) removed HF as 
an absolute contraindication on the basis of the findings 
of 2 large observational studies and clinical experience 
that suggested that the risk of metformin-associated lac-
tic acidosis was minimal and similar to that of other dia-
betes mellitus medications in patients with HF and that 
metformin was associated with an overall reduction in 
mortality.33–35 In a retrospective cohort study of 16 417 
Medicare beneficiaries with diabetes mellitus discharged 
after a HF hospitalization, Masoudi et al34 demonstrated 
that metformin administration was linked with a reduced 
risk of mortality (odds ratio [OR], 0.86; 95% CI, 0.78–
0.97). In a recent systematic review of trial and nontrial 
evidence, Eurich et al36 also found metformin to be as-
sociated with a reduction in mortality (pooled adjusted 
risk estimate, 0.80; 95% CI, 0.74–0.87; P<0.001) com-
pared with controls (mostly sulfonylurea therapy). Similar 
findings were reported in patients with HF and chronic 
kidney disease (pooled adjusted risk estimate, 0.81; 
95% CI, 0.64–1.02; P=0.08). Of note, metformin was 
not associated with an increased risk for lactic acidosis 
in either analysis.

The 2016 American Diabetes Association standards 
of medical care currently recommend that metformin 
can be used in patients with stable HF if their renal func-
tion is normal (eg, >60 mL·min−1·1.73 m−2) but should 
be avoided in unstable or hospitalized patients with HF.37 
However, in 2016, the FDA published a safety announce-
ment recommending that metformin be contraindicated 
in patients with renal function below 30 mL/min/1.73 
m2.38 Unfortunately, prospective data evaluating the 
safety of metformin in patients with advanced HF (stage 
D), in whom hepatic and renal dysfunction is often en-
countered, are lacking.

Thiazolidinediones
Thiazolidinediones, rosiglitazone and pioglitazone, are 
proliferator-activator receptor gamma agonists that 
modulate the transcription of the insulin-sensitive genes 
involved in the control of glucose and lipid metabolism 
in adipose tissue, muscle, and liver. Early postmarket-
ing data and data from randomized, controlled trials 
reported increased edema and weight gain in patients 
receiving thiazolidinediones with preexisting cardiac dis-
ease and in those with no history of HF.39–42 In the DREAM 

trial (Diabetes Reduction Assessment With Ramipril and 
Rosiglitazone Medication), which evaluated rosiglitazone 
versus placebo in patients at risk for type 2 diabetes 
mellitus, more confirmed cases of HF were found in 
those patients treated with rosiglitazone (n=2635) com-
pared with placebo (n=2634; hazard ratio [HR], 7.03; 
95% CI, 1.60–30.9; P=0.01).43 Recent meta-analyses, 
which included pivotal randomized, controlled trials, and 
observational studies strongly suggested that thiazoli-
dinediones exacerbate existing HF and increase the risk 
for new-onset HF.42,44–48 In a retrospective analysis of 
227 571 Medicare beneficiaries treated with a thiazoli-
dinedione, Graham et al49 found that the risk of HF was 
greater with rosiglitazone compared with pioglitazone 
(HR, 1.25; 95% CI, 1.16–1.34).

Limited prospective data exist evaluating thiazolidin-
ediones in patients with HF. Dargie et al50 reported that 
after 52 weeks of treatment with rosiglitazone or place-
bo in 224 patients with diabetes mellitus and NYHA class 
I to II HF (LV ejection fraction [LVEF] ≤45%), there was 
a trend for an increase in all-cause mortality (HR, 1.5; 
95% CI, 0.49–4.59) and HF hospitalizations (RR, 1.30; 
95% CI, 0.35–4.82) for patients receiving rosiglitazone. 
In a 6-month randomized, double-blind, multicenter trial 
of patients with type 2 diabetes mellitus and NYHA class 
II to III HF (LVEF ≤40%), Giles et al51 found that patients 
receiving pioglitazone (n=262) had an earlier time to the 
onset of HF and a higher incidence of the composite 
of cardiovascular mortality and hospitalization or emer-
gency room visits for HF compared with those receiv-
ing glyburide (13% versus 8%, respectively; P=0.024). 
The 2016 American Diabetes Association standards of 
medical care recommend avoiding thiazolidinediones in 
patients with symptomatic HF.37

Dipeptidyl Peptidase-4 Inhibitors
Sitagliptin, saxagliptin, alogliptin, and linagliptin repre-
sent a newer class of antidiabetic agents that bind re-
versibly to the dipeptidyl peptidase-4 enzyme, thereby 
preventing the degradation of endogenously released in-
cretin hormones, glucose-dependent insulinotropic poly-
peptide, and glucagon-like peptide-1, which increases 
insulin release and decreases glucagon levels.52 In the 
SAVOR-TIMI 53 study (Saxagliptin Assessment of Vascu-
lar Outcomes Recorded in Patients With Diabetes Melli-
tus–Thrombolysis in Myocardial Infarction), 16 492 pa-
tients with type 2 diabetes mellitus who were high risk for 
cardiovascular events, of whom 12.8% had HF, were ran-
domized to usual diabetes mellitus care with saxagliptin 
or usual diabetes mellitus care plus placebo. Although no 
difference was found in the risk of cardiovascular death, 
MI, or stroke after a median of 2.1 years, the investi-
gators demonstrated an excess of HF hospitalization in 
patients receiving saxagliptin (HR, 1.27; 95% CI, 1.07–
1.51).53 In an observational US claims database analysis 
evaluating 7620 patients with type 2 diabetes mellitus 
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and incident HF treated with metformin or sulfonylurea, 
sitagliptin use was also associated with an increased 
risk of HF hospitalizations (adjusted OR, 1.84; 95% CI, 
1.16–2.92).54 A meta-analysis of all randomized trials of 
vildagliptin, sitagliptin, saxagliptin, alogliptin, linagliptin, 
and dutogliptin found an elevated overall risk of acute 
HF in those patients taking any dipeptidyl peptidase-4 
inhibitor (OR, 1.19; 95% CI, 1.03–1.37), suggesting a 
possible class effect.55 However, in the EXAMINE trial 
(Examination of Cardiovascular Outcomes with Alogliptin 
versus Standard of Care in Patients with Type 2 Diabetes 
Mellitus and Acute Coronary Syndrome), which enrolled 
5380 patients with type 2 diabetes mellitus and a re-
cent acute coronary syndrome event, the investigators 
found a nonsignificant trend in hospital admission rate 
for HF for those receiving alogliptin (3.1%) compared 
with placebo (2.9%) (HR, 1.07; 95% CI, 0.79–1.46).38 
Additionally, in the post hoc analysis, alogliptin had no ef-
fect on the composite end point of cardiovascular death 
and hospital admission for HF (HR, 1.00; 95% CI, 0.82–
1.21).38 The true mechanism of this potential increase in 
HF hospitalization remains unknown.

Antiarrhythmic Medications
Class I Antiarrhythmics
Several of the class I antiarrhythmics, which are sodium 
channel blockers, are known to be potentially harmful 
in patients with HF. Disopyramide is a negative inotrope 
with marked myocardial depressant effects in patients 
with HF.56,57 Furthermore, in 100 patients treated with 
oral disopyramide for ventricular arrhythmias, 16 (12 
with a previous history of HF) developed HF within the 
first 48 hours of therapy. Thus, disopyramide can both 
precipitate and exacerbate HF.58 Flecainide may also de-
press LV function significantly in patients with preexisting 
LV dysfunction; this finding and the increased mortality 
associated with flecainide in CAST (Cardiac Arrhythmia 
Suppression Trial) suggest that it be avoided in patients 
with HF or structural heart disease.59–62

Class III Antiarrhythmics
Intravenous ibutilide did not have clinically significant he-
modynamic effects in patients with reduced LV function 
(LVEF ≤35%), but HF was an independent risk factor for 
ibutilide-induced torsades de pointes (TdP), presumably 
because of the preexisting prolongation of the QT inter-
val in these patients.63 Sotalol is a racemic mixture of d- 
and l-sotalol and has both Class II β-adrenergic blocking 
(mediated largely by the l-isomer) and Class III (mediated 
by both d- and l-isomers) antiarrhythmic properties. A 
study examining whether d-sotalol decreased mortality 
in patients surviving an MI who had reduced LV func-
tion was terminated prematurely because of increased 
mortality.64 In contrast, racemic sotalol did not increase 
mortality after MI.65 Sotalol can depress myocardial 

contractility and exacerbate HF in some patients and 
should be used cautiously in patients with LV dysfunc-
tion. In premarketing studies, the incidence of new or 
worsened HF over 1 year was 3% in patients without 
previous HF and 10% in those with a history of HF.66 
The risk of worsening of HF increased as the severity of 
baseline HF increased.

Dronedarone
Like amiodarone, dronedarone inhibits the calcium, so-
dium, and potassium channels and is both an α-and a 
β-adrenergic receptor antagonist. Dronedarone therapy 
reduced death and cardiovascular hospitalizations sig-
nificantly in ATHENA (A Placebo-Controlled, Double-Blind, 
Parallel Arm Trial to Assess the Efficacy of Dronedarone 
400 mg bid for the Prevention of Cardiovascular Hos-
pitalization or Death From Any Cause in Patients With 
Atrial Fibrillation/Atrial Flutter).67 A post hoc analysis of 
a subset of 209 patients (of a total of 4628) with stable 
HF in that study found no increase in mortality and a 
trend to decreased cardiovascular hospitalization with 
dronedarone.68 However, ANDROMEDA (Antiarrhythmic 
Trial With Dronedarone in Moderate to Severe CHF Eval-
uating Morbidity Decrease), a study that examined the 
effect of dronedarone on death and hospitalization for 
HF, was terminated prematurely for increased mortality 
(8.1%) in the dronedarone arm compared with placebo 
(3.8%). The excess mortality was caused mostly by 
HF.69 Another study, PALLAS (Permanent Atrial Fibrilla-
tion Outcome Study), tested whether dronedarone re-
duced cardiovascular events in patients with permanent 
atrial fibrillation. PALLAS was terminated prematurely 
after enrolling 3236 patients because dronedarone was 
associated with an increase in cardiovascular death, 
stroke, and hospitalization for HF (HR, 1.81; 95% CI, 
1.10–2.99; P=0.02).70 Thus, the prescribing informa-
tion for dronedarone carries a black box warning that 
the drug is contraindicated in patients with symptomatic 
HF with recent decompensation requiring hospitaliza-
tion, or NYHA class IV HF, with a doubling of the mortal-
ity in these patients.

Antihypertensive Medications
α1-Blockers
The α-blockers such as prazosin and doxazosin inhibit 
postsynaptic α1-adrenergic receptors and relax vascular 
smooth muscle resulting in vasodilation. Initially used for 
the management of hypertension, these agents are now 
used primarily for benign prostatic hypertrophy on the 
basis of the negative findings from ALLHAT (Antihyper-
tensive and Lipid-Lowering Treatment to Prevent Heart 
Attack Trial).71 In ALLHAT, the risk of HF was doubled (RR, 
2.04; 95% CI, 1.79–2.32; P<0.001) in patients receiv-
ing doxazosin compared with chlorthalidone. The doxa-
zosin arm of the trial was stopped prematurely. Several 
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reasons for the increased risk of HF in the doxazosin 
arm have been suggested, including misdiagnosis of 
vasodilator-induced edema, a smaller blood pressure 
reduction with doxazosin, and the unmasking of HF by 
the discontinuation of other antihypertensive drugs that 
were protective against HF.72 Additionally, in VeHFT (Vet-
erans Heart Failure Trial-1), hydralazine combined with 
isosorbide dinitrate decreased mortality and improved 
LVEF compared with placebo, whereas prazosin did 
not.73

Calcium Channel Blockers
Dihydropyridine calcium channel antagonists such as 
nifedipine have both negative inotropic and vasodilat-
ing effects by blocking the transmembrane influx of 
calcium ions into cardiac and vascular smooth mus-
cles.74 In small trials assessing the potential therapeu-
tic benefits of nifedipine in patients with HF, there was a 
marked worsening of HF; 5 of 21 patients treated with 
nifedipine required hospitalization compared with 0 of 
20 who received isosorbide dinitrate.75 A possible ben-
efit of amlodipine in a subgroup of patients with non-
ischemic cardiomyopathy and HF was not reproduced 
in a second study in which there was no evidence of 
a favorable or unfavorable effect of amlodipine on 
mortality (HR, 0.97; 95% CI, 0.83–1.13; P=0.66).76,77 
Both trials, however, observed higher frequencies of 
peripheral edema and pulmonary edema and lower fre-
quencies of uncontrolled hypertension and chest pain 
in patients treated with amlodipine. Thus, amlodipine 
does not improve mortality but may exacerbate HF. 
Diltiazem and verapamil also have negative inotropic 
effects and can worsen HF more than the dihydropyri-
dine calcium channel blockers because the negative 
inotropic effects are not offset by vasodilation. In a 
study of 2466 patients with recent MI randomized to 
diltiazem or placebo, diltiazem increased the risk of 
adverse cardiac events (HR, 1.41; 95% CI, 1.01–1.96) 
in the subgroup of 490 patients with baseline pulmo-
nary congestion.78 The risk of adverse cardiac events 
in patients receiving diltiazem was directly related to 
the severity of baseline HF.78

Centrally Acting α-Adrenergic Agonists
Sympathetic adrenergic activity is increased in HF, 
and the increase in activity is directly associated with 
higher mortality. The consistent effectiveness of β-
adrenergic receptor antagonists in reversing myocar-
dial remodeling and in improving mortality in patients 
with HF and reduced LVEF stimulated an interest in 
other mechanisms of decreasing sympathetic activity 
as a treatment for HF. Centrally acting α2-adrenergic 
agonists such as clonidine and moxonidine decrease 
sympathetic outflow and thus decrease plasma nor-
epinephrine concentrations and blood pressure. In 
an animal model of HF, clonidine improved survival.79 
Furthermore, in small studies of patients with HF, cloni-

dine had beneficial hemodynamic effects; for example, 
clonidine 0.15 mg twice daily decreased plasma nor-
epinephrine concentrations by >50% and decreased 
preload and increased stroke volume significantly.79 
However, both bradycardia and atrioventricular dis-
sociation have been reported with clonidine.80,81 A 
placebo-controlled trial of sustained-release moxoni-
dine, an imidazoline receptor agonist, in patients with 
NYHA class II to IV HF was terminated prematurely 
after 1934 patients were enrolled. Although moxoni-
dine significantly decreased plasma norepinephrine, 
there existed an increased mortality in those receiv-
ing moxonidine (54 deaths [5.5%]) compared with pla-
cebo (32 deaths [3.4%]).82,83 LV reverse remodeling 
occurred with monoxidine. This increase in mortality 
could be caused by the large and rapid decrease in sym-
pathetic outflow, leading to myocardial depression and 
an inability to access myocardial β-adrenergic support  
mechanisms acutely.83

Minoxidil
Minoxidil, a vasodilator, improves hemodynamics but 
worsens clinical outcomes in patients with HF. In a dou-
ble-blind study of minoxidil 20 mg twice daily (n=9) ver-
sus placebo (n=8), LVEF increased from 29.6±17.7% to 
42.7±22.3% (P<0.05) after 3 months of minoxidil and 
remained unchanged in the placebo group. However, 
there were more clinical events (eg, worsening HF, an 
increased need for diuretics, and death) in the minoxi-
dil group (21 events) than the placebo group (7 events; 
P<0.01).84

Anti-Infective Medications
Azole Antifungal Medication
Itraconazole has been associated with occasional re-
ports of cardiotoxicity, including hypertension, prema-
ture ventricular contractions, ventricular fibrillation, 
and new-onset and worsening HF.85–90 Using the FDA 
Adverse Event Reporting System from 1992 to 2001, 
Ahmad et al89 found 58 cases of HF in patients admin-
istered itraconazole. Because of potential confound-
ers such as hypertension, valvular heart disease, and 
history of HF, causality was not determined; however, 
of the 58 patients, there were 28 admissions to the 
hospital and 13 deaths. On the basis of animal and 
clinical pharmacology studies, itraconazole may exert 
negative inotropic effects; however, the mechanism is 
not known.89 On the basis of these data, the FDA recom-
mends avoiding itraconazole in patients with ventricular 
dysfunction or a history of HF for onychomycosis and 
only to consider itraconazole in case of life-threatening 
fungal infections.85-90

Other Antifungal Medications
Several cases of new-onset dilated cardiomyopathy with 
subsequent HF with amphotericin B and its liposomal 
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formulation have been reported.91–93 In each case, HF 
symptoms and echocardiographic findings normalized 
on discontinuation of therapy, which occurred within 10 
days to 6 months of drug discontinuation.

Anticancer Medications
Anthracyclines
The anthracyclines are a highly used class of cytotoxic 
agents that target proliferating cells via a diverse mecha-
nism that includes DNA intercalation, production of damag-
ing reactive oxygen species, and inhibition of the activity 
of topoisomerase II. Myocytes are particularly susceptible 
to anthracycline-induced cellular damage because of their 
relative lack of reactive oxygen species–detoxifying en-
zymes such as catalase, resulting in cardiotoxicity. Use of 
these agents is often associated with a delayed cardiotox-
ic presentation as a result of a biochemical transformation 
of the parent drug into a secondary alcohol metabolite in 
the myocyte, which is cleared much less quickly from the 
cell. This produces a prolonged cellular concentration and 
continued damage that results in decreased contractility 
and subsequent cell death.94 The anthracycline class of 
drugs includes older agents, doxorubicin and daunorubi-
cin, and newer agents, epirubicin, idarubicin, and mito-
xantrone.95

Administration of anthracyclines leads to acute, early-
onset, and delayed-onset cardiotoxicity. Acute cardiotox-
icity manifests within days of administration and most 
commonly includes rhythm abnormalities (arrhythmias) 
but also electrocardiographic changes, tachycardia, 
and pericarditis/myocarditis. Early-onset (within the first 
year) and delayed-onset (after the first year) cardiotoxic-
ity from anthracyclines present as progressive and often 
irreversible HF. The risk of developing anthracycline-
induced HF (A-HF) increases with increased cumulative 
dose and can occur >20 years after the completion of 
therapy.96

A-HF was reported beginning in the late 1960s. In re-
sponse to growing case reports, a retrospective chart 
review of 3491 patients identified a clear cumulative in-
crease in the risk of developing HF with increasing doses 
of doxorubicin, expressly at total doses >550 mg/m2, 
thereby suggesting the theoretical cumulative dose limit 
that is often used clinically today to minimize the risk 
of A-HF. This study showed an overall incidence of clini-
cally recognized HF in 2.2% of all evaluated patients.97 A 
more contemporary retrospective analysis of 630 adult 
patients from 3 separate clinical studies suggests an 
overall incidence of A-HF of 5.1% (32 of 630). This study 
confirmed a dose-dependent increase in the risk of HF, 
with an estimated cumulative percentage of patients with 
A-HF of 5% at 400 mg/m2, 16% at 500 mg/m2, and 26% 
at 550 mg/m2.98

The incidence of A-HF in pediatric populations has 
been reported to be 0% to 16% in available studies in 

the literature.99 One study evaluated a cohort of 830 pe-
diatric cancer survivors with a mean follow-up time of 
8.5 years and found a cumulative incidence of A-HF of 
2.5%. On the basis of the follow-up, the authors found an 
estimated risk of developing A-HF after the first dose to 
be 2% (95% CI, 1–3) at 2 years, 2.4% (95% CI, 1.3–3.5) 
after 5 years, 2.6% (95% CI, 1.4–3.9) after 10 years, 
3.7% (95% CI, 1.8–5.5) after 15 years, and 5.5% (95% 
CI, 1.5–9.5) after 20 years. Besides an increased risk 
with increasing time since the first dose, cumulative 
doses >300 mg/m2 were identified as an independent 
risk factor for developing HF (RR=8), increasing the es-
timated risk of HF at 20 years after the first dose to 
9.8% (95% CI, 2.2–17.4) and suggesting that pediatric 
populations are susceptible to cardiomyopathy at much 
lower cumulative doses than those first identified in adult 
populations.100 Furthermore, a meta-analysis of 30 stud-
ies including 12 507 pediatric patients identified doses 
of >45 mg/m2 given within 1 week as an independent 
predictor of developing A-HF through multivariate regres-
sion analysis. The frequency of observed A-HF in patients 
receiving >45 mg/m2 during a 1-week period was pre-
dicted to be 5.8% higher than that for patients receiving 
lower weekly doses.99 Despite these data, dose limits 
have not been lowered for pediatric patients in light of 
the high cure rates seen in this population. As a result, 
pediatric cancer survivors require lifelong cardiac moni-
toring because anthracycline toxicity can manifest ≥20 
years after therapy.

Although many of the available studies address the in-
cidence of clinically relevant (symptomatic) A-HF, emerg-
ing data support the presence of subclinical (lacking 
overt clinical symptoms but with underlying measurable 
cardiac dysfunction) diastolic and systolic myocardial ab-
normalities in a majority (up to 60%) of patients, even at 
low cumulative doses (100 mg/m2).94,101

The current standard for cardiac monitoring in patients 
receiving an anthracycline is LVEF assessment. Although 
useful in identifying myocardial damage, it does so only af-
ter cardiac injury has occurred. Novel approaches to iden-
tify patients with anthracycline-induced cardiotoxicity earlier 
in their treatment paradigm include the use of biomarkers. 
Elevations in cardiac troponin, a biomarker of ischemic 
heart disease, have been associated with the development 
of LV dysfunction and subclinical myocardial damage and 
with late cardiac abnormalities in both the adult and pedi-
atric cancer populations.102 The role of natriuretic peptides 
(NP) such as atrial NP, amino-terminal fragments, brain NP, 
and its N-terminal fragments, released from cardiomyo-
cytes in response to increased wall stress, has also been 
explored. Despite data that demonstrate a correlation be-
tween increased NP and the development of subclinical car-
diac injury, conflicting data that contradict this finding ex-
ist.102 More recently, myeloperoxidase has been identified 
as another potential biomarker of chemotherapy-induced 
cardiac dysfunction.103 Although the use of biomarkers in 
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this setting has exhibited potential to predict early cardiac 
dysfunction, standardization of routine use of these mea-
surements in clinical practice has yet to be determined.

As stated, the major risk factor for developing A-HF 
is increasing cumulative dose. Other identified risk fac-
tors include female sex, black race, mediastinal radia-
tion, young age (<4 years), old age (>66 years), pre-
existing cardiovascular disorders, and shorter length 
of infusion.97,99,104–107 Pharmacogenetic studies have 
demonstrated an increased risk of A-HF in patients with 
polymorphisms in nicotinamide adenine dinucleotide 
phosphate-oxidase (involved in free radical metabolism), 
efflux proteins, and myocardial cytosolic carbonyl re-
ductases that are responsible for the formation of the 
cardiotoxic alcohol metabolites.108,109 Enhanced cardio-
toxicity may occur when anthracyclines are administered 
with taxanes, trastuzumab, cyclophosphamide, or other 
agents that cause further cardiac injury.95

Numerous strategies have been examined in an at-
tempt to decrease the risk of cardiotoxicity from an-
thracyclines. Early studies with the chemically modified 
anthracyclines such as epirubicin, idrarubicin, and mito-
xantrone suggested a lower incidence of HF.95 However, 
data from subsequent studies in larger populations and 
with increasing doses still suggest a risk at higher cu-
mulative doses. An analysis of 469 patients treated with 
epirubicin for metastatic breast cancer demonstrated a 
cumulative risk of A-HF of 7.2%, with an estimated risk 
of HF of 1.9% at a cumulative dose of 800 mg/m2 to 
15% at 1000 mg/m2.110 Dose-dependent cardiotoxicity 
was observed with the other anthracyclines, especially 
at high doses, undermining their ability to decrease cu-
mulative HF compared with doxorubicin.111

Dexrazoxane is metabolized to an ethylenediami-
netetraacetic acid–like compound in cardiomyocytes 
that binds iron, minimizes oxidative stress induced by 
anthracyclines, and has antitumor effects via inhibition 
of topoisomerase II. A meta-analysis of 8 studies sug-
gested a decrease in the development of HF with the use 
of dexrazoxane but also showed a nonsignificant trend 
to a decreased response rate.112 As a result of concerns 
for efficacy, current American Society of Clinical Oncol-
ogy guidelines discourage the routine use of dexrazox-
ane, recommending consideration for its use primarily in 
adults with metastatic breast cancer once the cumula-
tive dose of anthracyclines exceeds 300 mg/m2.113

Another approach to prevent A-HF involves modify-
ing the pharmacokinetics of the anthracycline through 
the use of liposomal formulations that attain a high 
peak concentration and longer circulating time while 
minimizing free anthracycline released into the blood. 
The large size of the formulation minimizes its ability 
to penetrate the normal vasculature of the heart but 
allows penetration into the more porous tumor endothe-
lium.94 Although a meta-analysis using 2 randomized, 
controlled trials (n=520) confirmed a decrease in clini-

cal HF with the use of liposomal doxorubicin (RR, 0.20; 
95% CI, 0.05–0.75), its use clinically is often deemed 
cost-prohibitive and has been hindered by supply is-
sues.114

There are currently limited data to determine the best 
course of treatment for A-HF. Standard medical therapy 
with angiotensin-converting enzyme inhibitors (enalapril) 
and β-blockers (metoprolol, carvedilol) has been report-
ed to result in improved symptoms and LVEF. However, 
long-term, prospective follow-up data are lacking.96,115 
Preliminary studies suggest that cardiotoxicity may be 
ameliorated with angiotensin-converting enzyme inhibi-
tors or β-blockers. A position statement from the Eu-
ropean Society of Cardiology recommends the use of 
standard, guideline-based treatment for the patient who 
develops chemotherapy-induced HF.116,117

Alkylating Agents
Cyclophosphamide, a nonspecific alkylating agent that is 
the backbone of many “induction” bone marrow trans-
plantation regimens, is used to treat a variety of solid 
and hematologic malignancies. Cyclophosphamide ex-
erts antitumor effects by DNA cross-linking and inhibition 
of DNA synthesis.118 Cyclophosphamide is a prodrug that 
requires hepatic conversion to its active phosphoramide 
mustard via cytochrome P450 enzymes. In a pharmaco-
kinetic study of 19 women with metastatic breast cancer 
receiving cyclophosphamide for the induction of autolo-
gous bone marrow transplantation, lower areas under 
the curve were observed in patients who developed HF. 
The authors suggest that increased metabolism of the 
prodrug to its active metabolite increases organ toxicity 
seen with the agent.119 Although a precise mechanism 
of cardiac injury has not been elucidated, preclinical 
studies suggest that the active phosphoramide mustard 
causes increased free radical formation in cardiac tissue, 
leading to cell damage.120 Autopsies of patients who suf-
fered fatal cyclophosphamide-induced HF indicate the 
presence of hemorrhagic myocarditis. The presence of 
microthrombi and proteinaceous exudates suggests sig-
nificant endothelial damage with cyclophosphamide.121 
Acute HF has been reported in 17% to 28% of patients 
receiving cyclophosphamide for induction therapy (ie, at 
high doses used in transplantation regimens), with further 
evidence of subclinical decreases in LVEF in up to 50% 
of cases.122 The onset of HF is acute, occurring within 
1 to 10 days of treatment, and usually resolves over 3 
to 4 weeks; however, fatalities caused by HF have been 
reported.123 Large individual doses (>120–170 mg/kg or 
1.55 mg/m2 per day), old age, mediastinal radiation, and 
anthracycline use have been identified as risk factors for 
the development of HF with cyclophosphamide.118,123,124

Ifosfamide is an alkylating agent with a mechanism of 
action similar to that of cyclophosphamide that also re-
quires hepatic activation to its phosphoramide mustard. 
HF caused by ifosfamide occurs analogously to that seen 
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with cyclophosphamide as an acute (within 1–10 days) 
and often reversible phenomena.118 In a small study of 
patients given ifosfamide for induction therapy, 17% (9 
of 52) developed HF at doses >12.5 mg/m2.125

Mitomycin C, an antibiotic isolated from Streptomy-
ces caespitosus, exerts antitumor effects through al-
kylation and DNA cross-linking.126 Mitomycin is reduced 
intracellularly to a semiquinone radical that, in the an-
aerobic environment of many tumors, is further reduced 
to hydroquinone, which binds DNA. However, in aerobic 
environments such as that seen in cardiomyocytes, 
the semiquinone radical is oxidized to the parent com-
pound accompanied by free radical formation.118 This in-
creased oxidative stress is thought to be the mechanism 
of cardiac damage seen with mitomycin alone and may 
explain an increased prevalence of HF observed when 
mitomycin is used in combination with anthracyclines.127 
HF is generally observed after the administration of a 
median of 3 cycles and at doses >30 mg/m2 of mito-
mycin. A higher incidence of HF (15.3%) was observed 
when mitomycin was given after anthracycline treatment 
than would be expected with either agent alone.118

Antimetabolites
Fluorouracil (5-FU) is an antimetabolite that inhibits thy-
midylate synthase, causing cell death. Capecitabine 
is an oral fluoropyrimidine that undergoes hydrolysis 
in the liver to form the active 5-FU metabolite.126 5-FU 
is well known for its cardiotoxic effects, occurring in 
7.6% of patients undergoing high-dose infusions.128 
The most common cardiotoxicity associated with 5-FU 
is ischemic in nature and thought to be a result of the 
induction of coronary vasospasm. Overall, cardiotoxic-
ity is more common (up to 18%) with intravenous 5-FU 
compared with oral capecitabine (1.9%–3.7%).129,130 
Although the exact incidence is unknown, a growing 
number of case reports recognize cardiomyopathy and 
acute decreases in LVEF with 5-FU treatment.131–133 Api-
cal ballooning, commonly seen in Takotsubo cardiomy-
opathy, has been reported on numerous occasions. Pa-
tients appear to recover normal cardiac function within 
weeks after discontinuing the drug.134,135

Targeted Therapies
Trastuzumab, a humanized monoclonal antibody tar-
geted against the extracellular domain of the human 
epidermal growth factor receptor 2 (ErbB2 receptor), 
is used widely in the treatment of ErbB2 receptor–posi-
tive breast carcinoma.136 In some patients, this agent 
induces significant cardiac dysfunction, presumably be-
cause of the inhibition of the ErbB2 signaling pathway 
within cardiomyocytes.116,137 Trastuzumab cardiotoxicity 
is also believed to be related to antibody-dependent and 
complement-dependent cytotoxicity.138

An independent review of 7 phase II and III clinical tri-
als first established an increased rate of cardiac dysfunc-
tion.139 Patients who received trastuzumab in addition to 

anthracyclines and cyclophosphamide had a 27% inci-
dence of cardiotoxicity compared with 8% in those who 
received anthracyclines and cyclophosphamide alone. 
The rate of NYHA class III or IV HF was 16% compared 
with 4%. In patients who received trastuzumab in con-
junction with paclitaxel, the incidence of cardiac dysfunc-
tion was similarly increased (13% versus 1%), although 
patients experienced a lesser degree of functional im-
pairment.140,141 Subsequent large-scale, randomized, 
adjuvant clinical trials have demonstrated a significant, 
but predominantly reversible, cardiotoxic effect that 
manifests itself as an asymptomatic decline in LVEF.136 
In these studies, the reported incidence of severe HF 
and death was 3% to 4%; symptomatic HF, 2% to 5%; 
and asymptomatic decline in LVEF, 8% to 14%.141,142 A 
meta-analysis of 10 281 patients from 8 randomized tri-
als identified a combined RR of 5.11 for HF and 1.83 for 
LVEF decline.143

Longer-term follow-up in the Herceptin Adjuvant (HERA) 
study confirmed that most cardiac events occur during 
the first 12 months of trastuzumab exposure, while pa-
tients are undergoing active treatment.144 Short-term 
recovery occurred in the majority (80%) of the patients 
after a median of 6.4 months (range, 0–33.1 months), 
although details on the institution of specific cardiac 
medications were not clear. However, among those with 
acute recovery, roughly 30% had at least 1 subsequent 
LVEF decrease to <50%. Progressive disease and unfa-
vorable cardiac outcomes were observed in 14 of 73 
patients who had experienced a cardiac event.

Of note, patients with significant cardiovascular his-
tories were excluded in these studies; thus, the use of 
these agents in patients with established HF and clinical 
management decisions are still anecdotal and evaluated 
on an individual patient basis. Moreover, in nonclinical 
trial populations, the incidence of cardiac dysfunction 
may be higher, with 1 multicenter study of 499 pa-
tients reporting an incidence of 27%.145,146 Risk factors 
for cardiotoxicity besides prior anthracycline exposure 
include increased age, baseline LVEF ≤50%, increased 
body mass index, and use of antihypertensive medica-
tions.136,142

Pertuzumab is a recombinant monoclonal antibody 
directed against the dimerization domain of ErbB2 re-
ceptor, inhibiting ErbB2 receptor, homodimerization and 
heterodimerization. Like trastuzumab, pertuzumab is ca-
pable of inducing antibody-dependent cell-mediated cyto-
toxicity.146,147 In a phase II study of pertuzumab therapy, 
a decline in LVEF of ≥10% to <50% was observed in 8 
of 78 patients, with 2 cases of symptomatic HF.148 The 
median time to the lowest LVEF in these 8 patients was 
100 days (range, 41–175 days). On repeat assessment 
of cardiac function after 3 weeks, there was some de-
gree of LVEF recovery in all participants, as defined by 
an LVEF that was either >45% or 40% to 45% and <10% 
from baseline. A retrospective analysis of cardiac safety 
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data from 598 phase II study participants demonstrated 
that asymptomatic cardiac dysfunction occurred typically 
between cycles 1 and 7 in 3.4% to 6.5% of patients.147 
Continued experience with pertuzumab, particularly in 
combination with trastuzumab, will serve to further define 
the risks and natural history of pertuzumab-induced HF.

Lapatinib is an orally available dual tyrosine kinase 
inhibitor of the epidermal growth factor receptor and 
ErbB2.138 The overall incidence of HF is low. A review 
of 3689 patients who received lapatinib in 44 phase 
I to III trials revealed a 0.2% rate of symptomatic HF 
and 1.4% rate of asymptomatic cardiac events.149 Prior 
exposure to trastuzumab and anthracyclines was asso-
ciated with an increased incidence of adverse cardiac 
events, on the order of 2.2% and 1.7%, respectively. 
The time to onset was 13±9 weeks, with an absolute 
LVEF decrease of 18.8±5.2%. Again, cardiac events 
were largely observed to be reversible, although 33% 
of the patients who experienced cardiac dysfunction 
did not have a follow-up evaluation.

Bevacizumab is an antivascular endothelial growth 
factor monoclonal antibody that targets the vascular 
endothelial growth factor (VEGF)-A ligand.150 In a meta-
analysis including 3784 patients, the RR for HF was 
4.74 compared with placebo, and the reported inci-
dence was 1.7% to 4%.151–153 These effects did not 
appear to be dose-dependent or clearly related to dif-
ferent concomitant chemotherapy regimens. Single-
center reports of small numbers of patients also sug-
gest that a decline in LVEF occurs early during therapy 
and is potentially reversible.154

Sunitinib is a multitargeted oral dual tyrosine kinase 
inhibitor used widely in the treatment of many can-
cers.138,155–157 This small molecule inhibits many kinases, 
including VEGF receptor, platelet-derived growth factor, 
c-kit, and fms-like tyrosine kinase-3. In a pivotal phase 
III trial comparing sunitinib with interferon-α in meta-
static renal cell cancer, 10% of the 375 patients in the 
sunitinib-treated group experienced a decline in LVEF, ac-
cording to the National Cancer Institute Common Termi-
nology Criteria for Adverse Events version 3 criteria.158 A 
meta-analysis of phase II to III clinical trials demonstrated 
an increased risk for all HF of 1.81 and high-grade HF of 
3.30.159 Retrospective clinical reports from multiple and 
single centers confirm these adverse cardiac effects. In 
a multicenter study of 175 patients, 18.9% developed 
cardiac dysfunction.160 Twelve of the 17 patients who 
developed grade 3 hypertension also developed signifi-
cant cardiac dysfunction. Cardiac dysfunction occurred 
between 28 and 180 days after the initiation of sunitinib 
and most commonly after the third cycle of therapy. Ad-
ditional clinical experience at single centers corroborate 
these findings, with a 15% incidence of National Can-
cer Institute Common Terminology Criteria for Adverse 
Events grade 3 (LVEF between 20% and 39%) or grade 
4 (LVEF<20%) cardiac dysfunction within the first 3 

months of treatment initiation.161 In the imatinib-resistant 
gastrointestinal stromal tumor population, sunitinib was 
associated with an 8% incidence of HF.156 In 36 patients 
who received the full dose of sunitinib, 10 had an LVEF 
decline of at least 10%, and 7 had LVEF reductions of 
≥15%. Independent predictors of HF were hypertension 
and coronary disease, with the effects of dose, duration, 
or biological predictors of toxicity remaining poorly de-
fined. Again, use in patients with preexistent HF has been 
limited and purely anecdotal.

The biological mechanisms of cardiotoxicity are un-
der active investigation. The VEGF receptors are clearly 
important in mediating the ventricular remodeling re-
sponse to increased afterload, as indicated by basic sci-
ence studies.162 Additional studies suggest that inhibition 
of AMP-kinase activity and the inositol-requiring enzyme 
stress response by sunitinib may play a critical role in 
mediating cardiac dysfunction.157,163 Sunitinib is believed 
to compete with adenosine triphosphate for binding to 
AMP-kinase, thereby preventing its activity and exacer-
bating energy depletion under states of increased car-
diomyocytes stress. However, there are no human-level 
data yet to support these hypotheses.156,163

Sorafenib is a small-molecule multiple tyrosine ki-
nase inhibitor that inhibits cell surface kinases, including 
VEGF receptor-2, VEGF receptor-3, and platelet-derived 
growth factor-β, and intracellular kinases such as BRAF 
and CRAF. HF is less common with sorafenib compared 
with sunitinib, and sorafenib has been used safely in pa-
tients with recovered sunitinib-induced cardiac dysfunc-
tion.164 However, this agent is associated with significant 
hypertension in 3% to 17% of treated individuals. The 
National Cancer Institute has offered a collection of 
principles to aid in the approach to treating these dual 
tyrosine kinase inhibitor–induced toxic side effects.165 
Imatinib is a kinase inhibitor that targets Bcr-Abl, with 
effects on platelet-derived growth factor-α and -β.138 
Known side effects are peripheral edema, shortness of 
breath, and fatigue. Severe HF is uncommon, occurring 
in <1% of treated patients, and hypothesized to be re-
lated to mitochondrial abnormalities and activation of the 
endoplasmic reticulum stress response system.166,167 Er-
lotinib is an epidermal growth factor receptor inhibitor 
that to date has been shown not to be associated with 
significant cardiovascular toxicity.116,138,168 Many second-
generation tyrosine kinase inhibitors, such as pazopanib, 
have emerged, and additional studies are necessary to 
understand their cardiac safety profile and use in HF.

Taxanes
The taxanes paclitaxel and docetaxel act by binding and 
disrupting microtubule function, which are highly regulat-
ed and integral components of the cellular cytoskeleton. 
The most frequent cardiac side effects of these agents 
are arrhythmias, although paclitaxel also has been as-
sociated with an increased incidence of cardiac dysfunc-
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tion, most notably when administered in conjunction with 
anthracyclines.127,169 This effect may be related to a phar-
macokinetic interaction between the 2 agents whereby 
doxorubicin levels are significantly increased when ad-
ministered with paclitaxel.170 Similarly, docetaxel when 
used in combination with doxorubicin and cyclophospha-
mide is associated with a nonsignificant increase in HF 
incidence compared with nondocetaxel regimens (1.6% 
versus 0.9%; P=0.10).171 In another study comparing 
docetaxel and trastuzumab in metastatic breast cancer, 
8% of the patients treated with docetaxel alone had a 
decline in LVEF ≥15%. More than half of these patients 
were previously exposed to anthracyclines.172

Other Anticancer Medications
Thalidomide and lenalidomide are structurally similar im-
munomodulatory agents used in the treatment of multiple 
myeloma. Thalidomide has been associated with edema, 
sinus bradycardia, and venous thromboembolism.173 
Secondary to its anti-inflammatory and immunomodulat-
ing effects, thalidomide has been studied as a potential 
HF therapeutic agent with beneficial effects on LVEF and 
matrix metalloproteinase production.174 Lenalidomide 
has been associated with hypersensitivity myocarditis in 
case reports.175

Similarly, high-dose interleukin-2 has been associated 
with fulminant myocarditis, which is poorly understood 
but may be related to the capillary leak syndrome and 
cytotoxic damage from migration of lymphocytes and 
inflammatory cells to the interstitum.176 High-dose inter-
feron inhibits cell growth and upregulates immunological 
cancer defenses. Studies in animal models suggest a 
dose-dependent negative inotropic effect of interferon-α 
that may be mediated in part by nitric oxide.177 Numer-
ous cardiotoxicities, including arrhythmias, ischemia, 
infarction, and cardiomyopathy, occur during and imme-
diately after infusion.126 Cardiomyopathy is reversible af-
ter discontinuation of the infusion.178,179 Cardiomyopathy 
and HF are rare, occurring in <1% of patients.180

Hematologic Medications
Anagrelide
Anagrelide is indicated to decrease the platelet count and 
the risk of thrombosis associated with myeloprolifera-
tive disorders such as essential thrombocythemia, poly-
cythemia vera, and chronic myelogenous leukemia.181 
In addition to its pharmacological effects that decrease 
megakarocyte hypermaturation, anagrelide inhibits phos-
phodiesterase type 4, similar to milrinone and other 
positive inotropic agents. Via this pharmacological effect, 
anagrelide induces high-output HF.182 The effect appears 
to be dose related and may occur days to years after the 
drug is initiated, although a temporal association with a 
dose increase is often reported. Case reports suggest 

that anagrelide-induced HF may be reversible on discon-
tinuation of therapy.182,183

An early study with anagrelide reported common 
cardiovascular effects of palpitations, tachycardia, and 
edema, which may have actually been symptoms of high-
output HF.184 A later study quantified the incidence of 
anagrelide-induced HF as 2.4% (n=14), and 2 of these 
patients experienced sudden death.183

Cilostazol
Cilostazol is an antiplatelet and vasodilatory agent used 
primarily in patients with intermittent claudication to in-
crease walking distance.185 A selective inhibitor of phos-
phodiesterase type 3, it is believed to heighten the risk of 
fatal arrhythmias in patients with HF. It has never been di-
rectly studied in patients with HF; however, the increased 
risk is presumed to occur within 1 month of initiation be-
cause of the nature of the observed electrophysiological 
effects and extrapolation from the effects of oral milri-
none, a pharmacologically similar medication.186

It is known that cilostazol produces a dose-related in-
crease in heart rate of 5 to 7 bpm and a higher rate of 
ventricular premature beats and nonsustained ventricu-
lar tachycardia, regardless of dose received. Cilostazol 
is contraindicated in patients with HF of any severity.185

Neurological and Psychiatric Medications
Stimulants
Sympathomimetic stimulants (racemic amphetamine, 
dextroamphetamine, methylphenidate, and metham-
phetamine) have similar mechanisms of action and 
are likely to have similar cardiac effects. The stimulant 
sympathomimetics can increase blood pressure by a 
few millimeters of mercury, but more concerning are 
reports of sudden death, acute coronary syndrome, 
MI, stroke, and cardiomyopathy associated with their 
use.187–196 Despite these case reports and small se-
ries documenting cardiac toxicity associated with 
stimulants, large epidemiological studies performed 
in children and adults treated with stimulants found no 
increase in the risk of serious cardiovascular events 
(stroke, MI, and sudden death).197,198 Considering the 
case reports and well-recognized risk of sympathetic 
stimulation in patients with serious cardiac disease, 
sympathomimetic stimulants are not generally used in 
patients with HF.

Antiepileptic Medications
Carbamazepine is a first-generation antiepileptic that 
is structurally similar to the tricyclic antidepressants 
(TCAs) that is also used as a mood stabilizer and for 
neuropathic pain. Carbamazepine is believed to sta-
bilize hyperexcited nerve membranes, to inhibit re-
petitive neuronal discharges, and to reduce synaptic 
propagation of excitatory impulses, possibly through 
voltage-dependent blockage of sodium channels. The 
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medication has been associated with hypotension, bra-
dycardia, and atrioventricular block, as well as signs 
and symptoms of HF in patients without cardiovascular 
disease.199,200 Severe LV dysfunction with a reduction 
in LVEF <35% has only been documented in cases of 
overdose.201,202

Pregabalin is an analogue of the neurotransmitter 
γ-aminobutyric acid that exhibits analgesic, anticon-
vulsant, and anxiolytic properties. In controlled clini-
cal trials, the incidence of peripheral edema was 6% 
in patients taking pregabalin compared with 2% in the 
placebo group. The possible mechanism may be antag-
onism of the L-type calcium channels, which are also 
blocked by the thiazolidinediones and dihydropyridines. 
Although data in patients with HF are limited to case 
reports, the FDA suggests caution be taken when us-
ing pregabalin in patients with NYHA class III to IV HF, 
especially in combination with thiazolidinediones, due 
to possible development of peripheral edema and HF 
exacerbation.203

Antipsychotic Medications
Several of the antipsychotic medications, both typical 
and atypical, have been associated with numerous car-
diovascular side effects consisting of significant dose-
related sudden cardiac death, cardiac arrhythmias, in 
particular TdP secondary to the corrected QT interval 
(QTc) prolongation, tachycardia, and orthostatic hypoten-
sion.204–207 Myocarditis and cardiomyopathy are rare but 
potentially fatal complications of antipsychotic therapy. 
Both disorders have been demonstrated with clozapine. 
In an analysis of reports to the Australian Adverse Drug 
Reaction Unit, the incidence rates of clozapine-induced 
myocarditis were estimated to be between 0.7% and 
1.2% over 10 years for all patients treated with clozap-
ine. This type of myocarditis occurred within the first 2 
months of beginning therapy and did not appear to be 
dose related. Of this cohort, 52% of patients recovered 
and 10% died.208

In a study of 8000 patients started on clozapine be-
tween 1993 and 1999, Kilian et al209 identified 8 cases 
of cardiomyopathy with 1 death and 15 cases of myocar-
ditis. The onset of cardiomyopathy occurred on average 
at 6 to 9 months of treatment. In 1 patient, clozapine 
discontinuation led to improvement in cardiomyopathy. 
Using data reported to the FDA, La Grenade et al210 
found that of 190 000 patients taking clozapine between 
1989 and 1999, 28 cases of myocarditis with 18 deaths 
and 41 cases of cardiomyopathy with10 deaths were re-
ported. Although the mechanism is not fully elucidated, 
clozapine-induced cardiotoxicity may be a result of an 
IgE-mediated hypersensitivity reaction.211 Other potential 
mechanisms include elevations in catecholamine levels, 
blockade of calcium-dependent ion channels, and in-
creased production of inflammatory mediators. Numer-

ous other atypical antipsychotics without these effects 
are available.

In a case series, 3 of 5 patients with clozapine-in-
duced myocarditis demonstrated elevated brain NP lev-
els, which decreased after discontinuation of clozapine, 
in concert with alleviation of the patients’ symptoms.212 
Measuring brain NP levels may therefore offer a means 
of monitoring patients taking clozapine to detect early, 
asymptomatic myocarditis, reducing the need for regu-
lar echocardiograms.

Antidepressants
TCAs have numerous documented cardiovascular side 
effects, including sinus tachycardia and postural hypo-
tension attributed to its Class Ia antiarrhythmic activity, 
peripheral antiadrenergic action, and negative inotropic 
and α-adrenergic blocking effects.213 TCAs also affect 
atrioventricular conduction by prolonging conduction 
time in the His bundle and bundle branches, thus prolong-
ing the duration of the QRS interval and QTc interval.213 
Additionally, second- and third-degree heart block can 
develop because of the anticholinergic and quinidine-like 
properties of the TCAs, interference with reuptake of 
adrenergic amines, and direct myocardial depression.213 
Case reports have suggested that TCA use can be as-
sociated with the development of cardiomyopathy within 
weeks to years of initiation.214,215 In several small studies 
in patients with decreased LVEF, TCAs had no significant 
effects on LVEF; however, long-term information on the 
effect on ventricular performance and development of 
new-onset HF is limited.216–219

Selective serotonin reuptake inhibitors have a very 
low rate of adverse cardiovascular effects. In prospec-
tive studies of patients with HF, post-MI, or unstable an-
gina, fluoxetine, sertraline, paroxetine, and fluvoxamine 
had minimal to no effect on electrocardiographic and 
echocardiographic indexes of cardiac function.220–223 
However, like the TCAs, some selective serotonin reup-
take inhibitors may prolong the QTc. In 2011, the FDA 
issued a safety announcement that citalopram should 
not exceed 40 mg/d because of the risk of dose-de-
pendent QTc prolongation, which could lead to TdP in 
which HF was listed as a risk factor.224 Additionally, the 
FDA recommended avoiding use in patients with de-
compensated HF.

Antiparkinson Medications
Pergolide is an ergot-derived dopamine receptor ago-
nist with potent agonism of the 5-hydroxytryptamine 2B 
receptor. After the publication of several case reports, 
comparative studies reported heart valve disease as-
sociated with pergolide.225–231 In a large case-control 
study of 155 patients with Parkinson disease, Zanettini 
et al228 found that patients receiving either pergolide 
or cabergoline had a significantly greater frequency of 
moderate to severe grade 3 to 4 regurgitation in any 
valve compared with those not receiving a dopamine 
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receptor agonist (23.4% versus 28.6% versus 0%, re-
spectively). The RR for moderate or severe valve re-
gurgitation in the pergolide group was 6.3 for mitral 
regurgitation (P=0.008), 4.2 for aortic regurgitation 
(P=0.001), and 5.6 for tricuspid regurgitation (P=0.16) 
compared with other groups. Corvol et al232 also dem-
onstrated similar findings in a meta-analysis of 7 trials 
(394 patients treated with pergolide and 280 control 
subjects). Overall, the odds of developing moderate to 
serve regurgitation were 3-fold higher in those receiv-
ing pergolide compared with those in the control group 
(OR, 3.1; 95% CI, 1.7–5.6; P<0.001). In both studies, 
higher risk for valvular disease correlated with a higher 
mean cumulative pergolide dose. In 2007, pergolide 
was removed from the US market, but it remains avail-
able in Europe.

Bromocriptine is also an ergot-derived dopamine ago-
nist but has only partial agonist activity at the 5-hydroxy-
tryptamine 2B receptor. Although exposure has been as-
sociated with valvular heart disease, the data are limited 
to case reports and a few prospective studies.233–235 In 
a case-control study of 140 patients with Parkinson dis-
ease receiving either bromocriptine (n=71) or pergolide 
(n=21), Tan et al235 found the risk for any abnormal valvu-
lar regurgitation to be 3.2-fold higher for those receiving 
bromocriptine (OR, 3.32; 95% CI, 1.11–9.92; P=0.03) 
and 3.7-fold higher for those receiving pergolide (OR, 
3.66; 95% CI, 1.22–10.97; P=0.02) compared with 
age-matched controls (n=47). The postulated mecha-
nism has been stimulation of the 5-hydroxytryptamine 
2B receptor expressed on the heart valve, which may 
induce fibrotic changes, leading to valve thickening and 
stiffening.235

Recently, 2 large, population-based, epidemiological 
studies did not find a significant increase in new-onset 
HF with either pergolide or bromocriptine but did with 
the non–ergot-derived dopamine agonist pramipexole, 
especially within the first 3 months of therapy and in pa-
tients ≥80 years of age.236,237 Additionally, in a pooled 
analysis of randomized, placebo-controlled, parallel 
phase II and III clinical trials, the FDA calculated the 
incidence of newly diagnosed HF to be more frequent, 
although not significant, in patients taking pramipexole 
(n=12 of 4157) compared with those taking placebo 
(n=4 of 2820).238 On the basis of these data, the FDA 
issued a Drug Safety Communication to providers on 
this association.

Antimigraine Medications
Methysergide and ergotamine are both ergot deriva-
tives used in the treatment of migraines. Ergotamine is 
an α-adrenergic blocking agent with direct stimulating 
effects on the smooth muscle of the peripheral and 
cranial blood vessels and serotonin antagonistic prop-
erties. Methysergide is a potent peripheral inhibitor 
of 5-hydroxytryptamine, demonstrating a competitive 

blockade of vascular 5-hydroxytryptamine receptors, 
but is a central 5-hydroxytryptamine agonist, primarily 
at therapeutic nuclei. Several case reports have found 
both drugs to be associated with mitral, aortic, and 
tricuspid valve lesions that in some cases led to right-
sided HF.239–242 The onset of these findings occurred 
typically after years of long-term administration, and 
the valve abnormalities did not completely resolve on 
drug discontinuation.243 The mechanism of the valve 
fibrosis is thought to be related to excess serotonin 
activity because both methysergide and ergotamine 
are partial serotonin agonists.242 With the advent of 
newer agents to acutely treat migraines (eg, triptans), 
both methysergide and ergotamine should be avoided. 
According to the Triptan Cardiovascular Safety Expert 
Panel, the safety profile of triptans is well defined and 
appears to reflect a very low risk of serious cardio-
vascular adverse events in patients without known or 
suspected coronary artery disease.244

Appetite Suppressants
Fenfluramine and its d-isomer, dexfenfluramine, when 
used alone or in combination with another appetite sup-
pressant, phentermine, can cause pulmonary hyper-
tension and cardiac valve abnormalities.245–247 These 
agents appear to promote the rapid release of serotonin 
and to inhibit its reuptake, but they also exert serotonin 
receptor agonist activity. Valvular regurgitation occurred 
in 12% of patients treated for >90 days compared with 
5.9% of unexposed patients (OR, 2.2; 95% CI, 1.7–2.7). 
Fenfluramine and dexfenfluramine have been withdrawn 
from the market. Rare cases of valvulopathy and pul-
monary hypertension have been submitted to the FDA 
in patients who reportedly took phentermine alone.248 
Another appetite suppressant, sibutramine, was with-
drawn from the market for increased risk of nonfatal MI 
and stroke.249

Bipolar Medications
Lithium is a mood stabilizer that alters sodium transport 
in nerve and muscle cells, resulting in intraneuronal me-
tabolism of catecholamines. In single case reports and 
case series, lithium salts have been associated with 
severe cardiac side effects, including bradyarrhythmias 
caused by sinus node dysfunction, premature ventricu-
lar beats, atrioventricular block, T-wave depression, in-
terstitial myocarditis, and cardiomyopathy.250–257 Stanc-
er and Kivi258 reported 5 patients with edema during 
lithium carbonate use; 2 of these patients developed 
new-onset HF. In the majority of these cases, lithium 
was within its therapeutic serum concentration range 
(0.6–1.2 mEq/L), and the cardiotoxicity resolved on 
lithium discontinuation. Although still unclear, the po-
tential mechanisms of these cardiotoxicities consist of 
myofibrillar degeneration with myocardial lymphocyte 
cell infiltration, adrenergic stimulation, and interference 
with calcium ion influx in pacing cells.255,257 Alternative 
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agents for the treatment of bipolar disease such as 
valproic acid or lamotrigine are available.

Ophthalmological Agents
β-Blockers
Topical β-blockers are the best studied with regard to 
hemodynamic effects. Small case series evaluating 
topical timolol usually involving young healthy volunteers 
have variably demonstrated changes in blood pressure 
and heart rate, which have been considered clinically in-
significant.259–261 However, several case series and case 
reports with topical β-blockers, primarily timolol, have 
demonstrated clinically significant issues in patients with 
HF, including arrhythmias such as bradycardia, myocar-
dial ischemia, hypotension, and pulmonary edema.262,263 
In 2 HF patients, topical timolol administration led to an 
exacerbation of symptoms of HF.263 Discontinuation or 
dose reduction of the ophthalmic β-blocker led to rapid 
resolution of cardiac side effects.263

Cholinergic Agonists
Cholinergic agonists, including cholinesterase inhibitors, 
have been associated with changes in heart rate, includ-
ing atrioventricular block, but this effect appears uncom-
mon with the caveat that this class appears to be the 
least studied.262,264

Pulmonary Agents
β2-Agonists
Several small studies have suggested an association with  
β2-agonist use and cardiotoxicity. In a retrospec-
tive case-control study, Coughlin et al265 dem-
onstrated a 3-fold increase in the risk of cardio-
myopathy with the use of systemic or inhaled  
β2-agonist. Although other studies have not confirmed 
this association, Au et al266 identified a dose-related in-
crease in risk for hospital admission with deteriorating 
HF in patients with HF with reduced EF using inhaled 
β2-agonists (1–2 canisters per month: adjusted OR, 1.8; 
95% CI, 1.1–3.0; ≥3 canisters per month: adjusted OR, 
2.1; 95% CI, 1.2–3.8). Bouvy et al267 also found an in-
creased risk of hospitalization for ventricular arrhythmia 
(OR, 4.0; 95% CI, 1.0–15.1) in patients receiving β2-
agonists, an effect that was higher in patients receiving 
systemic compared with inhaled formulations. Although 
β2-agonists are known to exert small positive inotropic 
and chronotropic effects on the heart, the proposed 
mechanism of this association has been that regular 
exposure to β2-agonists could lead to decreased recep-
tor responsiveness, which could theoretically lead to HF 
deterioration.268

Bosentan and Epoprostenol
Both epoprostenol, an intravenous prostaglandin, and 
bosentan, an oral endothelin-1 antagonist, are used in the 

management of patients with pulmonary hypertension. In 
FIRST (Randomized Controlled Trial of Epoprostenol Ther-
apy for Severe Congestive Heart Failure: The Flolan In-
ternational Randomized Survival Trial), epoprostenol was 
associated with an increased risk of death in patients with 
NYHA class IIIB/IV HF and therefore is contraindicated 
for long-term use in patients with HF with reduced EF.269 
In pooled, placebo-controlled studies lasting between 4 
weeks and 6 months, leg edema was reported in 5% of 
patients receiving between 100 and 2000 mg daily of 
bosentan (n=677) compared with 1% of patients receiv-
ing placebo (n=288).270 During the first 4 to 8 weeks, 
patients with severe HF were at increased risk of hospi-
talization because of weight gain and increased leg ede-
ma. Long-term studies in patients with symptomatic HF 
have been conducted: REACH (Research on Endothelin 
Antagonism in Chronic Heart Failure) and ENABLE (Endo-
thelin Antagonist Bosentan for Lowering Cardiac Events 
in Heart Failure) trials. The REACH trial was stopped pre-
maturely because of elevations in hepatic transaminases. 
It demonstrated an increased risk of death or worsening 
HF in the bosentan group within the first month of therapy 
but not at months 4 to 6.271,272 The ENABLE trial found 
similar findings in which bosentan appeared to confer an 
early risk of worsening HF that warranted hospitalization 
related to fluid retention.273

Rheumatological Medications
Tumor Necrosis Factor-α Inhibitors
The tumor necrosis factor-α inhibitors infliximab, etaner-
cept, and adalimumab play a major role in the manage-
ment of patients with rheumatoid arthritis and Crohn dis-
ease; however, postmarketing data have suggested that 
these medications can be associated with new-onset or 
worsening HF. In the RENAISSANCE (Randomized Etan-
ercept North American Strategy to Study Antagonism of 
Cytokines) and RECOVER (Research into Etanercept Cy-
tokine Antagonism in Ventricular Dysfunction) trials, etan-
ercept had no impact on the clinical status in patients 
with NYHA class II, III, or IV HF compared with control 
subjects.274 In the ATTACH trial (Anti-TNF Alpha Therapy 
Against CHF), higher rates of HF-related hospitalization 
or death were noted in the patients with NHYA class III 
or IV HF receiving infliximab 10 mg/kg compared with 
the 5-mg/kg dose (HR, 2.84; 95% CI, 1.01–7.97).275 
However, a recent systematic review in patients with 
rheumatoid arthritis and HF that included observational 
studies and a meta-analysis found no increase in the risk 
of incident or worsening HF in patients treated with tu-
mor necrosis factor-α inhibitors (infliximab, etanercept, 
and adalimumab) except for patients ≥65 years of age, 
who had a higher risk of HF hospitalization (HR, 1.7; 
95% CI, 1.07–2.69) and death (HR, 4.19; 95% CI, 1.48–
11.89).276  The 2015 American College of Rheumatol-
ogy treatment guidelines for rheumatoid arthritis recom-
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mend that a tumor necrosis factor-α inhibitor should only 
be considered in patients with HF if there are no other 
reasonable treatment options, and then consider only in 
patients with compensated HF.277

Antimalarial Agents
Hydroxychloroquine is an antimalarial that has become 
a mainstay in the management of systemic lupus ery-
thematosus and rheumatoid arthritis. Similar to chloro-
quine in structure, hydroxychloroquine is used more fre-
quently because it has less toxicity. More than 70 cases 
of cardiotoxicity have been reported with these agents 
in which chloroquine has primarily been implicated.278 
Cardiotoxicity manifests as restrictive or dilated car-
diomyopathy or with conduction system abnormalities 
such as atrioventricular and bundle-branch block.279,280 
Because both chloroquine and hydroxychloroquine are 
cationic amphiliphilic drugs, they are hypothesized to 
bind to phospholipids within the myocyte, accumulat-
ing in the lysosomes and inhibiting lysosomal enzymes. 
This impairs intracellular degradation and leads to ac-
cumulation of pathological metabolic products such as 
phospholipid and glycogen.279,280 On histology, these 
appear as granulovacular cell mutations and ultrastruc-
turally as lamellar membranous inclusion bodies and 
curvilinear bodies in the cytoplasm. Prognosis can vary 
from death to cardiac transplantation to partial or com-
plete improvement within 1 month to 1 year on medica-
tion discontinuation. Risk factors consist of older age, 
female sex, longer duration of therapy (3 months–27 
years; mean >10 years), elevated milligram per kilo-
gram daily dose, preexisting cardiac disease, and renal 
insufficiency.279,280

Urological Medications
α1-Blockers
Limited data exist on the specific use of the uroselec-
tive (eg, tamsulosin) and nonuroselective (eg, prazosin, 
terazosin, doxazosin) α1-blockers in the management of 
benign prostatic hypertrophy for patients with HF. In the 
case of the nonuroselective agents, which have greater 
systemic α-blockade effects, much of the evidence has 
been extrapolated from the results of ALLHAT and Ve-
HFT-1.71,73 In a retrospective analysis of 388 patients with 
HF and benign prostatic hypertrophy receiving prazosin, 
terazosin, doxazosin, or tamsulosin, Dhaliwal et al281  
found no significant increase in all-cause mortality 
and HF rehospitalization in those receiving β-blockers. 
However, in those not receiving β-blockade, α-blockade 
exposure was associated with an increase in HF hospi-
talization (HR, 1.94; 95% CI, 1.14–3.32). Of note, the 
majority of patients were receiving tamsulosin (58%). 
It has been hypothesized that unopposed α1 blockade 
could lead to β1-receptor stimulation with increases in 
renin and aldosterone, leading to edema and weight 

gain.281 Chronic α1 antagonism may lead to tachyphy-
laxis with a loss of hemodynamic benefits and gradual 
increases in norepinephrine. In VeHFT-1, reported in 
1986 before the use of β-blockers for HF, prazosin did 
not affect overall mortality compared with placebo, but 
no data on HF hospitalizations were reported.73 Despite 
uncertainty about the mechanism, the balance of data 
suggest that α1-blockers may exacerbate HF in those 
with established disease, perhaps even with uroselec-
tive agents.

Erectile Dysfunction Medications
On the basis of findings from a single HF center, at least 
75% of men with HF admitted to experiencing erectile 
dysfunction, regardless of the cause of their HF.282 Silde-
nafil, vardenafil, and tadalfil are all selective inhibitors of 
cGMP-specific phosphodiesterase type 5, which increas-
es the amount of cGMP that relaxes the smooth muscle 
of the corpus cavernosum. However, these agents may 
increase the hypotensive effects of nitrates and are con-
traindicated with concomitant nitrates.282 Additionally, 
this effect would be expected to be seen if these agents 
are combined with other phosphodiesterase inhibitors 
such as milrinone.

Miscellaneous Prescription 
Medications
QT-Prolonging Medications
Drug-induced prolongation of the QT interval is a signifi-
cant and potentially dangerous drug toxicity that can lead 
to the polymorphic ventricular tachycardia TdP. Numer-
ous drugs from various therapeutic classes have been 
implicated in prolonging the QT interval, including antibi-
otics, antidepressants, antipsychotics, and antiemetics, 
all of which are commonly used by patients with HF.283,284 
Numerous risk factors exist for drug-induced QT inter-
val prolongation that potentially leads to TdP such as 
hypokalemia, hypomagnesemia, bradycardia, genetic 
predisposition, female sex, and use of drugs that either 
prolong the QT interval or disrupt the metabolism or dis-
tribution of QT-prolonging drugs. HF is a risk factor for 
TdP because of frequent prolongation of the QT interval 
and diuretic-induced hypokalemia and hypomagnesemia. 
CredibleMeds, a program of the Arizona Center for Edu-
cation and Research on Therapeutics, maintains an evi-
dence-based list of potential QT-prolonging medications 
stratified by their risk of TdP (risk, possible, conditional, 
and avoided). Table  5 summarizes these medications 
and their effects.285

Sodium-Containing Medications
Sodium restriction is often recommended for patients 
with HF. Consideration is often given to dietary sodium 
restriction; however, evaluation of nondietary sources 
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may not be considered. Not only is sodium chloride 
often a common vehicle for administration of intra-
venous medications, but many medications adminis-
tered in the inpatient setting may also be high in so-
dium. In a retrospective, single-center analysis of 82 
patients admitted to the cardiac intensive care unit for 
acute HF exacerbation, the mean nondietary sodium 
load was 4.0±5.0 g/d, which was correlated with an 
increase in hospital stay.286 An average of 1.2 g of 
daily nondietary sodium correlated with hospital stays 
of up to 5 days, whereas an average of 2.6 g/d led 
to stays of up to 10 days.286 Table 6 summarizes the 
sodium content for both intravenous and oral prescrip-
tion medications that could be used in the inpatient or 
outpatient setting.287–301

OTC Medications
Currently, 35% of adult Americans use an OTC medi-
cation on a regular basis. In a 2011 survey (n=1880), 
the most common choice of products for ailments 
such as headache, heartburn, allergies, and cough/
cold was OTC medications. Unfortunately, one third of 
Americans admit that they have taken more than the 
recommended dose of an OTC product, and only half 
report reviewing the package labeling before using an 
OTC product for the first time.302 OTC NSAIDs, like 
their prescription counterparts, can exacerbate HF 
and increase the risk for HF hospitalization particularly 
when taken at higher doses.18 Many OTC medications 
have high sodium content or have actions that could 
exacerbate HF or common comorbid conditions. For 
example, many cough, cold, and allergy and sinus 
preparations may have NSAIDs such as ibuprofen 
or vasoconstrictors such as phenylephrine or pseu-
doephedrine. Because both phenylephrine and pseu-
doephedrine exert their effects on adrenergic recep-
tors, cardiotoxicity such as myocardial ischemia, MI, 
stroke, and arrhythmias can be seen with high dose 
and prolonged, excessive use.303,304 Pepto-Bismol 
contains 261 mg/30 mL and 99 mg per tablet of sa-
licylate.305 Nasal decongestants typically contain oxy-
metazoline, phenylephrine, and the ocular deconges-
tant naphazoline, all of which are vasoconstrictors. 
When these agents are topically applied, case reports 
have suggested that excessive use or prolonged ex-
posure beyond package labeling can lead to systemic 
exposure resulting in stroke, hypertension, and brady-
cardia.306–309 Inhaled and oral OTC asthma products 
may contain potent nonselective sympathomimetic 
amines such as racepinephrine and ephedrine, and 
they have been associated with chest pain, hyperten-
sion, tachycardia, and hemoptysis.310–313

Many of the newer aluminum- and magnesium-contain-
ing antacids have minimal to no sodium; however, other 

products for cough/cold and gastrointestinal ailments 
may contain sodium. Nyquil and Dayquil contain 37 and 
15 mg/30 mL, respectively, of sodium.314,315 Gaviscon 
has 52 mg of sodium per 15 mL, which, if the recom-
mended 30-mL dose is taken 4 times daily, equates to 
>400 mg of sodium per day.316

Because OTC product formulation can rapidly 
change from year to year, it is valuable for patients 
to be taught to read and evaluate OTC labels. Unfortu-
nately, many inactive ingredients such as sodium and 
sodium bicarbonate may be difficult to find in the pack-
age labeling.

Complementary/Alternative 
Medications
The incorporation of naturoceutical products into stan-
dard medical practice is handicapped by a dearth of 
quality efficacy and safety data. In addition, there is no 
rigorous oversight for their manufacture, and adulter-
ated products abound. However, these shortcomings 
do not inhibit the availability of these products for retail 
and Internet sale, and most individuals believe that the 
US government regulates these products.317

In a 2007 national survey, it was observed that 
38% of adults in the United States use CAMs. This 
phenomenon is not isolated to the young or middle-
aged; 1 in 4 individuals >85 years of age reported the 
use of at least 1 CAM therapy.318 This underscores the 
importance of the 2010 HF practice guidelines, which 
state “documentation of the type and dose of naturo-
ceutical products used by patients with HF is recom-
mended” to facilitate an individualized assessment of 
risk to benefit.319 These guidelines further recommend 
3 specific measures concerning these products in pa-
tients with HF:

1. � No naturoceutical should be used for the manage-
ment of HF symptoms or the secondary prevention 
of cardiovascular events.

2. � Ephedra-like products (ma-haung) should be 
avoided because of their stimulant effects on 
blood pressure and heart rate and their increased 
risk of mortality and morbidity.

3. � Products with significant interactions with digoxin, 
vasodilators, β-blockers, antiarrhythmic agents, and 
anticoagulants should be avoided (Tables 7 and 8320).

The American College of Cardiology Foundation/
American Heart Association HF guidelines recommend 
that nutritional supplements not be used for the treat-
ment of HF.13

There is evidence that supplementation with vitamin 
E ≥400 IU/d may increase the risk of developing new-
onset HF; it seems prudent to avoid it in individuals with 
established HF. Post hoc analyses of large, long-term, 
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Table 5.  Medications That Could Prolong the QT Interval and Induce TdP Based on Risk Category285*

Risk Category Medications

Known risk of TdP Amiodarone, anegrelide, arsenic trioxide, azithromycin, bepridil,† chloroquine, chlorpromazine, cilostazol, ciprofloxacin, 
cisapride,† citalopram, clarithromycin, cocaine, disopyramide, dofetilide, domperidone, donepezil, dronedarone, droperidol, 
erythromycin, escitalopram, flecainide, fluconazole, gatifloxacin,† grepafloxacin, halofantrine, haloperidol, ibutilide, 
levofloxacin, levomepromazine, levomethadyl,† mesoridazine,† methadone, moxifloxacin, ondansetron, oxaliplatin, 
papaverine, pentamidine, pimozide, probucol,† procainamide, propofol, quinidine, sevoflurane, sotalol, sparfloxacin,† 
sulpiride, terfenadine,† thioridazine, vandetanib

Possible risk of TdP Alfuzosin, apomorphine, aripiprazole, artenimol+piperaquine, asenapine, atanzanavir, atomoxetine, bedaquiline, bortezomib, 
bosutinib, ceritinib, clomipramine, clozapine, crizotinib, cyamemazine, dabrafinib, dasatinib, degarelix, delamanid, 
desipramine, dexmedetomidine, dolasetron, eribulin, famotidine, felbamate, fingolimod, foscarnet, gemifloxacin, granisetron, 
hydrocodone extended release, iloperidone, imipramine, isradipine, lapatinib, lenvatinib, leuprolide, lithium, mifepristone, 
mirabegron, mirtazapine, moexipril/HCTZ, nicardipine, nilotinib, norfloxacin, nortriptyline, ofloxacin, osimertinib, olanzapine, 
oxytocin, paliperidone, panobinostat, pasireolide, pazopinib, perflutren lipid microspheres, pipamperone, promethazine, 
ranolazine, rilpivirine, risperidone, roxithromycin, saquinavir, sertindole, sorafinib, sunitinib, tacrolimus, tamoxifen, televancin, 
telithromycin, tizanidine, tetrabenazine, tizanidine, tolterodine, toremifene, trimipramine, tropisetron, vardenifil, vemurafenib, 
venlafaxine

Conditional risk of TdP Amantadine, amisulpride, amitriptyline, chloral hydrate, diphenhydramine , doxepin, fluoxetine, furosemide, 
galantamine, hydrochlorothiazide, hydroxychloroquine, hydroxyzine, indapamide, itraconazole, ivabradine, ketoconazole, 
metoclopramide, metronidazole, nelfinavir, pantoprazole, paroxetine, posaconazole, quetiapine, quinine sulfate, ritonavir, 
sertraline, solifenacin, telaprevir, torsemide, trazodone, voriconazole, ziprasidone

Drugs to avoid in 
congenital long QT

Albuterol, alfuzosin, amantadine, amiodarone, amisulpride, amitriptyline, amphetamine, anagrelide, apomorphine, 
arformoterol, aripiprazole, arsenic trioxide, artenimol+piperaquine, asenapine, astemizole,† atanzanavir, atomoxetine, 
azithromycin, bedaquiline, bepridil,† bortezomib, bosutinib, ceritinib, chloral hydrate, chloroquine, chlorpromazine, 
cilostazol, ciprofloxacin, cisapride,† citalopram, clarithromycin, clomipramine, clozapine ,cocaine, crizotinib, 
cyamemazine, dabrafenib, dasatinib, degarlix, delamanid, desipramine, dexmedetomidine, dexmethylphenidate, 
dextroamphetamine, diphenhydramine, disopyramide, dobutamine, dofetilide, dolasetron, domperidone, donepezil, 
dopamine, doxepin, dronedarone, droperidol, ephedrine, epinephrine, eribulin, erythromycin, escitalopram, famotidine, 
felbamate, fenfluramine,† fingolimod, flecainide, fluconazole, fluoxetine, ormoterol, foscarnet, furosemide, galantamine, 
gatifloxacin,† gemifloxacin, granisetron, grepafloxacin, halofantrine, haloperidol, hydrochlorothiazide, hydrocodone 
extended release, hydroxychloroquine, hydroxyzine, ibutilide, iloperidone, imipramine, indapamide, isoproterenol, 
isradipine, itraconazole, ivabradine, ketoconazole, lapatinib, lenvatinib, leuprolide, levalbuterol, levofloxacin, 
levomepromazine, lisdexamfetamine, lithium, mesoridazine,† metaproterenol, methadone, methamphetamine, 
methylphenidate, metoclopramide, metronidzole, midodrine, mifepristone, mirabegron, mirtazapine, moexipril/
HCTZ, moxifloxacin, nelfinavir, nicardipine, nilotinib, norepinephrine, norfloxacin, nortriptyline, ofloxacin, olanzapine, 
ondansetron, osimertinib, oxaliplatin, oxytocin, paliperidone, panobinostat, pantoprazole, papaverine, paroxetine, 
pasireolide, pazopanib, pentamidine, perflutren lipid microspheres, phentermine, phenylephrine, phenylpropanolamine, 
pimozide, pipamperone, posaconazole, probucol,† procainamide, promethazine, propofol, pseudoephedrine, quetiapine, 
quinidine, quinine sulfate, ranolazine, rilpivirine, risperidone, ritodrine,† ritonavir, roxithromycin, salmeterol, saquinavir, 
sertindole, sertraline, sevoflurane, sibutramine,† solifenacin, sorafenib, sotalol, sparfloxacin,† sulpiride, sunitinib, 
tacrolimus, tamoxifen, telaprevir, telavancin, telithromycin, terbutaline, terfenadine,† tetrabenazine, thioridazine, 
tizanidine, tolterodine, toremifene, trazodone, trimethoprim/sulfamethoxazole, trimipramine, tropisetron, vandetanib, 
vardenafil, vemurafenib, venlafaxine, voriconazole, vorinostat, ziprasidone

Known risk of TdP: These drugs prolong the QT interval and are clearly associated with a known risk of TdP, even when taken as recommended. Possible 
risk of TdP: These drugs can cause QT prolongation but currently lack evidence for a risk of TdP when taken as recommended. Conditional risk of TdP: 
These drugs are associated with TdP but only under certain circumstances of their use (eg, excessive dose, in patients such as those with hypokalemia, or 
when taken with interacting drugs) or by creating conditions that facilitate or induce TdP (eg, by inhibiting metabolism of a QT-prolonging drug or by causing 
an electrolyte disturbance that induces TdP). Drugs to avoid in congenital long QT: These drugs pose a special risk of TdP for patients with congenital long-
QT syndrome and include those in the above 3 categories plus additional drugs that do not prolong the QT interval per se but have a special risk because 
of their adrenaline-like actions. HCTZ indicates hydrochlorothiazide; QT, QT interval; and TdP, torsades de pointes.

*The CredibleMeds online lists are revised regularly and should be consulted before clinical decisions are made on the safe use of any of these medicines.
†Removed from the market.
Reproduced with permission from Woosley and Romero.285

randomized trials involving vitamin E suggest that car-
diovascular harm may be present. In patients without 
HF, 1 study reported a 21% increased risk for hospi-
talization for HF compared with placebo, and a second 

study reported up to a 50% increased risk for develop-
ing clinically overt HF compared with placebo.321,322

Because of the lack of rigorous study, few declara-
tive statements can be made about the safe use of 
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most CAM products in patients with HF. Even for the 
products with mostly modest benefit for a noncardiac 
condition, the possibility of off-target effects harm-
ful to patients with HF exists. On the basis of what 
is known about their side effects in healthy people 
and the mechanism of action, many of these thera-
pies have plausible risks if used in patients with HF 
(Table 9).320

Summary and Recommendations
Polypharmacy is a significant concern in patients 
with HF because of the burden of both cardiovascu-
lar and noncardiovascular conditions. It is not unusual 
to have medications ordered and adjusted by different 
clinicians, many times with minimal consideration for 
drug-drug or drug-condition interactions, or to have 
prescriptions filled at different pharmacies. The follow-
ing strategies may be helpful in detecting inappropri-
ate and potentially hazardous medications that could 
exacerbate HF.

Considerations for Minimizing Polypharmacy and 
Improving Drug Safety

1. � Healthcare providers should conduct com-
prehensive medication reconciliation at each 
clinical visit and with each admission. Patients 
should be specifically asked about drug, dose, 
and frequency of all their medications, includ-
ing OTC medications and CAMs. If possible, 
these should be verified with the pharmacy or 
prescriber323 (Class I; Level of Evidence B).

Table 6.  Selected Intravenous and Oral Prescription 
Medications High in Sodium

Medication
Sodium Content Per 

Unit

Alendronate effervescent tablet287 650 mg sodium/tablet

Ampicillin/sulbactam, injection288 115 mg sodium/1.5 
g vial

Azithromycin, injection289 114 mg/500 mg vial

Erythromycin ethylsuccinate290,291 47 mg/tablet

23.7 mg/mL

Metronidazole, injection292 790 mg/500 mg vial

Nafcillin, injection293 132 mg/2 g vial

Omeprazole/sodium bicarbonate294 304 mg/capsule

406 mg/packet

Oxacillin, injection295 128 mg/2g vial

Piperacillin/tazobactam, injection296 128 mg/2.25 g vial

192 mg/3.375 g vial

256 mg/4.5 g vial

Polyethylene glycol powder for solution 
(Colyte, Golytely)297

1.46 g/1 L

Ranitidine, pre-mixed bag298 225 mg/50 mg vial

Sodium phosphates solution (Fleet 
Enema)299

4.4 g/118 mL

Sodium polystyrene sulfonate 
suspension300

1500 mg/60 mL

Ticarcillin/clavulanate potassium, 
injection301

429 mg/3.1 g vial

Table 7.  CAMs With Significant Interactions With Cardiovascular Medications 
Used in Patients With HF320

CAM Product Digoxin ACE-I/ARBs β-Blockers CCB Amiodarone Warfarin

St. John’s wort x x x x x x

Grapefruit juice x x x x x

Ginseng x

Hawthorn x

Danshen x

Black cohosh x x x

Green tea x

ACE-I, indicates angiotensin-converting enzyme inhibitors; ARBs, angiotensin receptor blockers; CAM, 
complementary and alternative medicine; CCB, calcium channel blockers; and HF, heart failure.

Table 8.  CAMs That Increase Bleeding Risk With 
Anticoagulants via Platelet and/or Clotting Factor 
Effects320

Antiplatelet Effects Anticoagulant Effects

Danshen Dong quai

Garlic Motherwort

Ginkgo Liquorice

Motherwort

Saw palmetto

Hawthorn

Liquorice

CAM indicates complementary and alternative medicine. 
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2. � Although not associated with improved out-
come, the use of complexity tools may be 
considered to identify issues within a medi-
cation regimen324,325 (Class IIb; Level of 
Evidence C).

3. � It can be beneficial to implement a medica-
tion flow sheet and to update it at each visit. 
This flow sheet may include any laboratory 
tests needed for specific medications such 
as warfarin or amiodarone. It can be use-
ful to provide patients with a copy of this 
final list and to encourage them to carry it 
with them at all times326 (Class IIa; Level of 
Evidence C).

4. � Evaluating the potential risks and benefits of 
each medication should be considered before 
initiation. Medications should be categorized 
as either essential to desired outcomes or 
optional, with an attempt made to reduce or 
eliminate optional medications327,328 (Class I; 
Level of Evidence C).

5. � It is reasonable to discontinue medications 
that do not have an indication or are contrain-
dicated327–329 (Class IIa; Level of Evidence C).

6. � When possible and affordable, it is reason-
able to consider combination medications to 
reduce the number of medications taken daily 
or medications that can be used to treat >1 
condition327 (Class IIa; Level of Evidence C).

7. � It is reasonable to consider avoiding pre-
scribing new medications to treat side effects 

of other medications. The use of as-needed 
medications should be limited to only those 
that are absolutely necessary327–329 (Class IIa; 
Level of Evidence C).

8. � It can be beneficial to educate patients on 
the following aspects of OTC medications and 
CAMs: Communicate with their healthcare 
provider first before taking any OTC medica-
tions and CAMs; avoid the use of OTC medi-
cations and CAMs with uncertain efficacy and 
safety; and evaluate all labels of OTC medi-
cations and CAMs for sodium content327,330 
(Class IIa; Level of Evidence C).

9. � It is reasonable to establish a team manage-
ment approach in which a healthcare pro-
vider acts as “captain” of the medications 
and instructs patients to notify this individual 
whenever a medication is changed or added 
to the medication list. Ideally, this call should 
made before the product is purchased or 
the prescription is filled330 (Class IIa, Level of 
Evidence C).

Acknowledgments
The authors thank Erin Fox, PharmD, FASHP, director, Uni-
versity of Utah Drug Information Service, for assistance with 
identifying sodium-containing medications, and Amber Proctor, 
PharmD, for her literature search assistance regarding oncol-
ogy medications.

Footnotes
The American Heart Association makes every effort to avoid 
any actual or potential conflicts of interest that may arise 
as a result of an outside relationship or a personal, profes-
sional, or business interest of a member of the writing panel. 
Specifically, all members of the writing group are required to 
complete and submit a Disclosure Questionnaire showing all 
such relationships that might be perceived as real or potential 
conflicts of interest.

This statement was approved by the American Heart 
Association Science Advisory and Coordinating Committee 
on September 2, 2015, and the American Heart Association 
Executive Committee on October 5, 2015. A copy of the docu-
ment is available at http://professional.heart.org/statements 
by using either “Search for Guidelines & Statements” or the 
“Browse by Topic” area. To purchase additional reprints, call 
843-216-2533 or e-mail kelle.ramsay@wolterskluwer.com.

The American Heart Association requests that this 
document be cited as follows: Page RL 2nd, O’Bryant CL, 
Cheng D, Dow TJ, Ky B, Stein CM, Spencer AP, Trupp RJ, 
Lindenfeld J; on behalf of the American Heart Association 
Clinical Pharmacology and Heart Failure and Transplantation 
Committees of the Council on Clinical Cardiology; Council 
on Cardiovascular Surgery and Anesthesia; Council on 
Cardiovascular and Stroke Nursing; and Council on Quality 
of Care and Outcomes Research. Drugs that may cause or 

Table 9.  CAMs That May Be Mechanistically 
Harmful in Patients With Heart Failure320

CAM Product
Possibly Harmful  

Cardiovascular Effects

Aconite Decreased heart rate (central brainstem effect)

Ventricular tachycardia (direct myocardium effect)

Ginseng Hypotension (increased nitric oxide synthesis)

Hypertension (chronic use)

Decreased diuretic responsiveness (damaged 
loop of Henle)

Gossypol Increased effects of diuretics

Gynura Hypotension (inhibits ACE)

Licorice Hypertension, fluid retention 
(pseudohyperaldosteronism)

Lily of the valley Bradycardia (digitalis glycoside)

Tetrandrine Hypotension (inhibits L-type calcium channels)

Yohimbine Hypertension (increased norepinephrine via α
2
-

adrenergic receptor antagonism)

ACE indicates angiotensin-converting enzyme; and CAM, complementary 
and alternative medicine.

D
ow

nloaded from
 http://ahajournals.org by on N

ovem
ber 22, 2022

mailto:kelle.ramsay@wolterskluwer.com


Page et al

August 9, 2016� Circulation. 2016;134:e32–e69. DOI: 10.1161/CIR.0000000000000426e58

exacerbate heart failure: a scientific statement from the 
American Heart Association. Circulation. 2016;134:e32–e69. 
doi: 10.1161/CIR.0000000000000426.

Expert peer review of AHA Scientific Statements is con-
ducted by the AHA Office of Science Operations. For more 
on AHA statements and guidelines development, visit http://
professional.heart.org/statements. Select the “Guidelines 
& Statements” drop-down menu, then click “Publication 
Development.”

Permissions: Multiple copies, modification, alteration, 
enhancement, and/or distribution of this document are not 
permitted without the express permission of the American 
Heart Association. Instructions for obtaining permission are 
located at http://www.heart.org/HEARTORG/General/Copyright-
Permission-Guidelines_UCM_300404_Article.jsp. A link to the 
“Copyright Permissions Request Form” appears on the right 
side of the page.

Circulation is available at http://circ.ahajournals.org.

Writing Group Disclosures

Writing Group 
Member Employment

Research  
Grant

Other  
Research 
Support

Speakers’ 
Bureau/

Honoraria
Expert  

Witness
Ownership 

Interest

Consultant/
Advisory  

Board Other

Robert L. Page II
University of Colorado 
School of Pharmacy

None None None None None None None

JoAnn 
Lindenfeld*

University of Colorado 
School of Medicine

None None None None None

Abbott†; 
RESMED†; 
Relypsa†; 
CVRx†; 
Impulse 

Dynamics†; 
St. Jude‡

None

Davy Cheng
University of Western 

Ontario, Canada
None None None None None None None

Tristan J. Dow
Heart Center of the 

Rockies
None None None None None None None

Bonnie Ky
University of 

Pennsylvania School of 
Medicine

Pfizer‡; NIH‡ None None None None
Bristol Myers 

Squibb†; 
Roche†

None

Cindy L. 
O’Bryant

University of Colorado 
School of Pharmacy

None None None None None None None

Anne P. Spencer
Roper St Francis 

Healthcare
None None None None None None None

C. Michael Stein
Vanderbilt School of 

Medicine
NHLBI‡; NIH-
HL56693‡

None None None None None NHLBI‡

Robin J. Trupp§
University of Illinois at 

Chicago
None None None None None None None

This table represents the relationships of writing group members that may be perceived as actual or reasonably perceived conflicts of interest as 
reported on the Disclosure Questionnaire, which all members of the writing group are required to complete and submit. A relationship is considered to be 
“significant” if (a) the person receives $10 000 or more during any 12-month period, or 5% or more of the person’s gross income; or (b) the person owns 
5% or more of the voting stock or share of the entity, or owns $10 000 or more of the fair market value of the entity. A relationship is considered to be 
“modest” if it is less than “significant” under the preceding definition.

*Dr Lindenfeld is now at Vanderbilt University, School of Medicine.
†Modest.
‡Significant.
§Dr Trupp is now at Roche Diagnostics Corporation.

Disclosures

D
ow

nloaded from
 http://ahajournals.org by on N

ovem
ber 22, 2022



CLINICAL STATEM
ENTS 

AND GUIDELINES
Drugs That May Cause or Exacerbate Heart Failure

Circulation. 2016;134:e32–e69. DOI: 10.1161/CIR.0000000000000426� August 9, 2016 e59

	10.	 Lang CC, Mancini DM. Non-cardiac comorbidities in chronic 
heart failure. Heart. 2007;93:665–671. doi: 10.1136/hrt. 
2005.068296.

	11.	 Schneider KM, O’Donnell BE, Dean D. Prevalence of multiple chron-
ic conditions in the United States’ Medicare population. Health Qual 
Life Outcomes. 2009;7:82. doi: 10.1186/1477-7525-7-82.

	12.	 Goldberg RM, Mabee J, Chan L, Wong S. Drug-drug and drug-
disease interactions in the ED: analysis of a high-risk population. 
Am J Emerg Med. 1996;14:447–450.

	13.	 Yancy CW, Jessup M, Bozkurt B, Butler J, Casey DE Jr, Drazner 
MH, Fonarow GC, Geraci SA, Horwich T, Januzzi JL, Johnson 
MR, Kasper EK, Levy WC, Masoudi FA, McBride PE, McMurray 
JJ, Mitchell JE, Peterson PN, Riegel B, Sam F, Stevenson LW, 
Tang WH, Tsai EJ, Wilkoff BL. 2013 ACCF/AHA guideline for the 
management of heart failure: a report of the American College 
of Cardiology Foundation/American Heart Association Task Force 
on Practice Guidelines. Circulation. 2013;128:e240–e327. doi: 
10.1161/CIR.0b013e31829e8776. 

	14.	 Green GA. Understanding NSAIDs: from aspirin to COX-2. Clin Cor-
nerstone. 2001;3:50–60.

	15.	 Feenstra J, Heerdink ER, Grobbee DE, Stricker BH. Association of 
nonsteroidal anti-inflammatory drugs with first occurrence of heart 
failure and with relapsing heart failure: the Rotterdam Study. Arch 
Intern Med. 2002;162:265–270.

	16.	 Heerdink ER, Leufkens HG, Herings RM, Ottervanger JP, Stricker 
BH, Bakker A. NSAIDs associated with increased risk of conges-
tive heart failure in elderly patients taking diuretics. Arch Intern 
Med. 1998;158:1108–1112.

	17.	 Page J, Henry D. Consumption of NSAIDs and the development 
of congestive heart failure in elderly patients: an underrecognized 
public health problem. Arch Intern Med. 2000;160:777–784.

	18.	 Huerta C, Varas-Lorenzo C, Castellsague J, García Rodríguez 
LA. Non-steroidal anti-inflammatory drugs and risk of first hospi-
tal admission for heart failure in the general population. Heart. 
2006;92:1610–1615. doi: 10.1136/hrt.2005.082388.

	19.	 Gislason GH, Rasmussen JN, Abildstrom SZ, Schramm TK, Hansen 
ML, Fosbøl EL, Sørensen R, Folke F, Buch P, Gadsbøll N, Rasmussen 
S, Poulsen HE, Køber L, Madsen M, Torp-Pedersen C. Increased mor-
tality and cardiovascular morbidity associated with use of nonsteroi-
dal anti-inflammatory drugs in chronic heart failure. Arch Intern Med. 
2009;169:141–149. doi: 10.1001/archinternmed.2008.525.

	20.	 Hammill BG, Curtis LH, Bennett-Guerrero E, O’Connor CM, Jol-
lis JG, Schulman KA, Hernandez AF. Impact of heart failure on 

References
	 1.	 Heidenreich PA, Albert NM, Allen LA, Bluemke DA, Butler J, Fon-

arow GC, Ikonomidis JS, Khavjou O, Konstam MA, Maddox TM, 
Nichol G, Pham M, Piña IL, Trogdon JG; on behalf of the American 
Heart Association Advocacy Coordinating Committee; Council on 
Arteriosclerosis, Thrombosis and Vascular Biology; Council on 
Cardiovascular Radiology and Intervention; Council on Clinical Car-
diology; Council on Epidemiology and Prevention; Stroke Council. 
Forecasting the impact of heart failure in the United States: a 
policy statement from the American Heart Association. Circ Heart 
Fail. 2013;6:606–619. doi: 10.1161/HHF.0b013e318291329a.

	 2.	 Masoudi FA, Baillie CA, Wang Y, Bradford WD, Steiner JF, Havranek 
EP, Foody JM, Krumholz HM. The complexity and cost of drug reg-
imens of older patients hospitalized with heart failure in the United 
States, 1998-2001. Arch Intern Med. 2005;165:2069–2076. 
doi: 10.1001/archinte.165.18.2069.

	 3.	 Rich MW. Pharmacotherapy of heart failure in the elderly: ad-
verse events. Heart Fail Rev. 2012;17:589–595. doi: 10.1007/
s10741-011-9263-1.

	 4.	 Sturm HB, Haaijer-Ruskamp FM, Veeger NJ, Baljé-Volkers CP, 
Swedberg K, van Gilst WH. The relevance of comorbidities for 
heart failure treatment in primary care: a European survey. Eur J 
Heart Fail. 2006;8:31–37. doi: 10.1016/j.ejheart.2005.03.010.

	 5.	 Rushton CA, Strömberg A, Jaarsma T, Kadam UT. Multidrug 
and optimal heart failure therapy prescribing in older general 
practice populations: a clinical data linkage study. BMJ Open. 
2014;4:e003698. doi: 10.1136/bmjopen-2013-003698.

	 6.	 Page RL 2nd, Lindenfeld J. The comorbidity conundrum: a fo-
cus on the role of noncardiovascular chronic conditions in the 
heart failure patient. Curr Cardiol Rep. 2012;14:276–284. doi: 
10.1007/s11886-012-0259-9.

	 7.	 Wong CY, Chaudhry SI, Desai MM, Krumholz HM. Trends in co-
morbidity, disability, and polypharmacy in heart failure. Am J Med. 
2011;124:136–143. doi: 10.1016/j.amjmed.2010.08.017.

	 8.	 Braunstein JB, Anderson GF, Gerstenblith G, Weller W, Niefeld M, 
Herbert R, Wu AW. Noncardiac comorbidity increases preventable 
hospitalizations and mortality among Medicare beneficiaries with 
chronic heart failure. J Am Coll Cardiol. 2003;42:1226–1233.

	 9.	 Ahluwalia SC, Gross CP, Chaudhry SI, Leo-Summers L, Van Ness 
PH, Fried TR. Change in comorbidity prevalence with advanc-
ing age among persons with heart failure. J Gen Intern Med. 
2011;26:1145–1151. doi: 10.1007/s11606-011-1725-6.

Reviewer Disclosures

Reviewer Employment
Research  

Grant

Other  
Research 
Support

Speakers’  
Bureau/ 

Honoraria
Expert  

Witness
Ownership  

Interest

Consultant/ 
Advisory  

Board Other

Biykem Bozkurt
Baylor College of  

Medicine and MEDVAMC
None None None None None None None

Eldrin Lewis
Brigham &  

Women’s Hospital

Sanofi*; 
Novartis*; 
Amgen*

None None None None None None

Kinya Otsu
King’s College London 

(UK)
None None None None None None None

This table represents the relationships of reviewers that may be perceived as actual or reasonably perceived conflicts of interest as reported on the 
Disclosure Questionnaire, which all reviewers are required to complete and submit. A relationship is considered to be “significant” if (a) the person receives 
$10 000 or more during any 12-month period, or 5% or more of the person’s gross income; or (b) the person owns 5% or more of the voting stock or 
share of the entity, or owns $10 000 or more of the fair market value of the entity. A relationship is considered to be “modest” if it is less than “significant” 
under the preceding definition.

*Significant.

D
ow

nloaded from
 http://ahajournals.org by on N

ovem
ber 22, 2022



Page et al

August 9, 2016� Circulation. 2016;134:e32–e69. DOI: 10.1161/CIR.0000000000000426e60

patients undergoing major noncardiac surgery. Anesthesiology. 
2008;108:559–567. doi: 10.1097/ALN.0b013e31816725ef.

	21.	 Akata T. General anesthetics and vascular smooth muscle: direct 
actions of general anesthetics on cellular mechanisms regulating 
vascular tone. Anesthesiology. 2007;106:365–391.

	22.	 Alreja G, Bugano D, Lotfi A. Effect of remote ischemic precondi-
tioning on myocardial and renal injury: meta-analysis of random-
ized controlled trials. J Invasive Cardiol. 2012;24:42–48.

	23.	 Djaiani GN, Hall J, Pugh S, Peaston RT. Vital capacity inhala-
tion induction with sevoflurane: an alternative to standard in-
travenous induction for patients undergoing cardiac surgery. J 
Cardiothorac Vasc Anesth. 2001;15:169–174. doi: 10.1053/
jcan.2001.21940.

	24.	 Gupta A, Stierer T, Zuckerman R, Sakima N, Parker SD, Fleisher 
LA. Comparison of recovery profile after ambulatory anesthe-
sia with propofol, isoflurane, sevoflurane and desflurane: a 
systematic review. Anesth Analg. 2004;98:632–641, table of 
contents.

	25.	 Landoni G, Bignami E, Oliviero F, Zangrillo A. Halogenated anaes-
thetics and cardiac protection in cardiac and non-cardiac anaes-
thesia. Ann Card Anaesth. 2009;12:4–9.

	26.	 Neuhäuser C, Müller M, Welters I, Scholz S, Kwapisz MM. Effect 
of isoflurane on echocardiographic left-ventricular relaxation indi-
ces in patients with diastolic dysfunction due to concentric hyper-
trophy and ischemic heart disease. J Cardiothorac Vasc Anesth. 
2006;20:509–514. doi: 10.1053/j.jvca.2006.01.018.

	27.	 Symons JA, Myles PS. Myocardial protection with volatile an-
aesthetic agents during coronary artery bypass surgery: a me-
ta-analysis. Br J Anaesth. 2006;97:127–136. doi: 10.1093/
bja/ael149.

	28.	 Lowe D, Hettrick DA, Pagel PS, Warltier DC. Propofol alters left 
ventricular afterload as evaluated by aortic input impedance in 
dogs. Anesthesiology. 1996;84:368–376.

	29.	 Bovill JG. Intravenous anesthesia for the patient with left ventricular 
dysfunction. Semin Cardiothorac Vasc Anesth. 2006;10:43–48.

	30.	 Lam F, Ransom C, Gossett JM, Kelkhoff A, Seib PM, Schmitz 
ML, Bryant JC, Frazier EA, Gupta P. Safety and efficacy of dex-
medetomidine in children with heart failure. Pediatr Cardiol. 
2013;34:835–841. doi: 10.1007/s00246-012-0546-7.

	31.	 Erdman MJ, Doepker BA, Gerlach AT, Phillips GS, Elijovich L, Jones 
GM. A comparison of severe hemodynamic disturbances between 
dexmedetomidine and propofol for sedation in neurocritical care 
patients. Crit Care Med. 2014;42:1696–1702. doi: 10.1097/
CCM.0000000000000328.

	32.	 Misbin RI, Green L, Stadel BV, Gueriguian JL, Gubbi A, Fleming 
GA. Lactic acidosis in patients with diabetes treated with met-
formin. N Engl J Med. 1998;338:265–266. doi: 10.1056/
NEJM199801223380415.

	33.	 Eurich DT, Majumdar SR, McAlister FA, Tsuyuki RT, Johnson 
JA. Improved clinical outcomes associated with metformin 
in patients with diabetes and heart failure. Diabetes Care. 
2005;28:2345–2351.

	34.	 Masoudi FA, Inzucchi SE, Wang Y, Havranek EP, Foody JM, 
Krumholz HM. Thiazolidinediones, metformin, and outcomes 
in older patients with diabetes and heart failure: an observa-
tional study. Circulation. 2005;111:583–590. doi: 10.1161/01.
CIR.0000154542.13412.B1.

	35.	 Eurich DT, McAlister FA, Blackburn DF, Majumdar SR, Tsuyuki RT, 
Varney J, Johnson JA. Benefits and harms of antidiabetic agents in 
patients with diabetes and heart failure: systematic review. BMJ. 
2007;335:497. doi: 10.1136/bmj.39314.620174.80.

	36.	 Eurich DT, Weir DL, Majumdar SR, Tsuyuki RT, Johnson JA, Tjos-
vold L, Vanderloo SE, McAlister FA. Comparative safety and ef-
fectiveness of metformin in patients with diabetes mellitus and 
heart failure: systematic review of observational studies involv-
ing 34,000 patients. Circ Heart Fail. 2013;6:395–402. doi: 
10.1161/CIRCHEARTFAILURE.112.000162.

	37.	 American Diabetes Association. Standards of medical care in dia-
betes–2016. Diabetes Care. 2016;39(suppl 1):S60–S71. doi: 
10.2337/dc16–S01.

	38.	 US Food and Drug Administration.  FDA Drug Safety Communica-
tion: FDA revises warnings regarding use of the diabetes medicine 
metformin in certain patients with reduced kidney function. http://
www.fda.gov/downloads/Drugs/DrugSafety/UCM494140.pdf. 
April 8, 2016. Accessed June 1, 2016.

	39.	 Delea TE, Edelsberg JS, Hagiwara M, Oster G, Phillips LS. Use 
of thiazolidinediones and risk of heart failure in people with 
type 2 diabetes: a retrospective cohort study. Diabetes Care. 
2003;26:2983–2989.

	40.	 Cheng AY, Fantus IG. Thiazolidinedione-induced congestive heart 
failure. Ann Pharmacother. 2004;38:817–820. doi: 10.1345/
aph.1D400.

	41.	 Page RL 2nd, Gozansky WS, Ruscin JM. Possible heart failure 
exacerbation associated with rosiglitazone: case report and litera-
ture review. Pharmacotherapy. 2003;23:945–954.

	42.	 Singh S, Loke YK, Furberg CD. Thiazolidinediones and heart fail-
ure: a teleo-analysis. Diabetes Care. 2007;30:2148–2153. doi: 
10.2337/dc07-0141.

	43.	 DREAM (Diabetes REduction Assessment with ramipril and rosi-
glitazone Medication) Trial Investigators; Gerstein HC, Yusuf S, 
Bosch J, Pogue J, Sheridan P, Dinccag N, Hanefeld M, Hoogwerf 
B, Laakso M, Mohan V, Shaw J, Zinman B, Holman RR. Effect 
of rosiglitazone on the frequency of diabetes in patients with 
impaired glucose tolerance or impaired fasting glucose: a ran-
domised controlled trial [published correction appears in Lancet. 
2006;368:1770]. Lancet. 2006;368:1096–1105.

	44.	 Hernandez AV, Usmani A, Rajamanickam A, Moheet A. Thia-
zolidinediones and risk of heart failure in patients with or at 
high risk of type 2 diabetes mellitus: a meta-analysis and 
meta-regression analysis of placebo-controlled randomized 
clinical trials. Am J Cardiovasc Drugs. 2011;11:115–128. doi: 
10.2165/11587580-000000000-00000.

	45.	 Filion KB, Joseph L, Boivin JF, Suissa S, Brophy JM. Thiazolidin-
ediones and the risk of incident congestive heart failure among 
patients with type 2 diabetes mellitus. Pharmacoepidemiol Drug 
Saf. 2011;20:785–796. doi: 10.1002/pds.2165.

	46.	 Loke YK, Kwok CS, Singh S. Comparative cardiovascular effects 
of thiazolidinediones: systematic review and meta-analysis of ob-
servational studies. BMJ. 2011;342:d1309.

	47.	 Lago RM, Singh PP, Nesto RW. Congestive heart failure and 
cardiovascular death in patients with prediabetes and type 2 
diabetes given thiazolidinediones: a meta-analysis of randomised 
clinical trials. Lancet. 2007;370:1129–1136. doi: 10.1016/
S0140-6736(07)61514-1.

	48.	 Komajda M, McMurray JJ, Beck-Nielsen H, Gomis R, Hanefeld M, 
Pocock SJ, Curtis PS, Jones NP, Home PD. Heart failure events with 
rosiglitazone in type 2 diabetes: data from the RECORD clinical trial. 
Eur Heart J. 2010;31:824–831. doi: 10.1093/eurheartj/ehp604.

	49.	 Graham DJ, Ouellet-Hellstrom R, MaCurdy TE, Ali F, Sholley C, 
Worrall C, Kelman JA. Risk of acute myocardial infarction, stroke, 
heart failure, and death in elderly Medicare patients treated with 
rosiglitazone or pioglitazone. JAMA. 2010;304:411–418. doi: 
10.1001/jama.2010.920.

	50.	 Dargie HJ, Hildebrandt PR, Riegger GA, McMurray JJ, McMorn 
SO, Roberts JN, Zambanini A, Wilding JP. A randomized, placebo-
controlled trial assessing the effects of rosiglitazone on echocar-
diographic function and cardiac status in type 2 diabetic patients 
with New York Heart Association functional class I or II heart 
failure. J Am Coll Cardiol. 2007;49:1696–1704. doi: 10.1016/j.
jacc.2006.10.077.

	51.	 Giles TD, Miller AB, Elkayam U, Bhattacharya M, Perez A. Piogli-
tazone and heart failure: results from a controlled study in patients 
with type 2 diabetes mellitus and systolic dysfunction. J Card Fail. 
2008;14:445–452. doi: 10.1016/j.cardfail.2008.02.007.

D
ow

nloaded from
 http://ahajournals.org by on N

ovem
ber 22, 2022



Drugs That May Cause or Exacerbate Heart Failure
CLINICAL STATEM

ENTS 
AND GUIDELINES

Circulation. 2016;134:e32–e69. DOI: 10.1161/CIR.0000000000000426� August 9, 2016 e61

	52.	 Deacon CF, Holst JJ. Dipeptidyl peptidase-4 inhibitors for the 
treatment of type 2 diabetes: comparison, efficacy and safe-
ty. Expert Opin Pharmacother. 2013;14:2047–2058. doi: 
10.1517/14656566.2013.824966.

	53.	 Scirica BM, Bhatt DL, Braunwald E, Steg PG, Davidson J, Hirsh-
berg B, Ohman P, Frederich R, Wiviott SD, Hoffman EB, Cavender 
MA, Udell JA, Desai NR, Mosenzon O, McGuire DK, Ray KK, Leiter 
LA, Raz I; SAVOR-TIMI 53 Steering Committee and Investigators. 
Saxagliptin and cardiovascular outcomes in patients with type 
2 diabetes mellitus. N Engl J Med. 2013;369:1317–1326. doi: 
10.1056/NEJMoa1307684.

	54.	 Weir DL, McAlister FA, Senthilselvan A, Minhas-Sandhu JK, Eurich 
DT. Sitagliptin use in patients with diabetes and heart failure: a 
population-based retrospective cohort study. JACC Heart Fail. 
2014;2:573–582. doi: 10.1016/j.jchf.2014.04.005.

	55.	 Monami M, Dicembrini I, Mannucci E. Dipeptidyl peptidase-4 
inhibitors and heart failure: a meta-analysis of randomized clini-
cal trials. Nutr Metab Cardiovasc Dis. 2014;24:689–697. doi: 
10.1016/j.numecd.2014.01.017.

	56.	 Jensen G, Sigurd B, Uhrenholt A. Haemodynamic effects of in-
travenous disopyramide in heart failure. Eur J Clin Pharmacol. 
1975;8:167–173.

	57.	 Leach AJ, Brown JE, Armstrong PW. Cardiac depression by intra-
venous disopyramide in patients with left ventricular dysfunction. 
Am J Med. 1980;68:839–844.

	58.	 Podrid PJ, Schoeneberger A, Lown B. Congestive heart failure 
caused by oral disopyramide. N Engl J Med. 1980;302:614–617. 
doi: 10.1056/NEJM198003133021106.

	59.	 Echt DS, Liebson PR, Mitchell LB, Peters RW, Obias-Manno D, 
Barker AH, Arensberg D, Baker A, Friedman L, Greene HL, Huther 
ML, Richardson DW; CAST Investigators. Mortality and morbidity 
in patients receiving encainide, flecainide, or placebo: the Cardiac 
Arrhythmia Suppression Trial. N Engl J Med. 1991;324:781–788. 
doi: 10.1056/NEJM199103213241201.

	60.	 Jackson N, Verma SP, Frais MA, Silke B, Hafizullah M, Reynolds 
G, Taylor SH. Hemodynamic dose-response effects of flecainide 
in acute myocardial infarction with and without left ventricular de-
compensation. Clin Pharmacol Ther. 1985;37:619–624.

	61.	 Josephson MA, Ikeda N, Singh BN. Effects of flecainide on ventric-
ular function: clinical and experimental correlations. Am J Cardiol. 
1984;53:95B–100B.

	62.	 Legrand V, Materne P, Vandormael M, Collignon P, Kulbertus HE. 
Comparative haemodynamic effects of intravenous flecainide in 
patients with and without heart failure and with and without beta-
blocker therapy. Eur Heart J. 1985;6:664–671.

	63.	 Stambler BS, Beckman KJ, Kadish AH, Camm JA, Ellenbogen KA, 
Perry KT, VanderLugt JT. Acute hemodynamic effects of intrave-
nous ibutilide in patients with or without reduced left ventricular 
function. Am J Cardiol. 1997;80:458–463.

	64.	 Pratt CM, Camm AJ, Cooper W, Friedman PL, MacNeil DJ, Moulton 
KM, Pitt B, Schwartz PJ, Veltri EP, Waldo AL. Mortality in the Sur-
vival With ORal D-sotalol (SWORD) trial: why did patients die? Am J 
Cardiol. 1998;81:869–876.

	65.	 Julian DG, Prescott RJ, Jackson FS, Szekely P. Controlled 
trial of sotalol for one year after myocardial infarction. Lancet. 
1982;1:1142–1147.

	66.	 MacNeil DJ, Davies RO, Deitchman D. Clinical safety profile of sotalol 
in the treatment of arrhythmias. Am J Cardiol. 1993;72:44A–50A.

	67.	 Hohnloser SH, Crijns HJ, van Eickels M, Gaudin C, Page RL, Torp-
Pedersen C, Connolly SJ; ATHENA Investigators. Effect of drone-
darone on cardiovascular events in atrial fibrillation [published cor-
rection appears in N Engl J Med. 2011;364:1481]. N Engl J Med. 
2009;360:668–678. doi: 10.1056/NEJMoa0803778.

	68.	 Hohnloser SH, Crijns HJ, van Eickels M, Gaudin C, Page RL, Torp-
Pedersen C, Connolly SJ; ATHENA Investigators. Dronedarone in 
patients with congestive heart failure: insights from ATHENA. Eur 
Heart J. 2010;31:1717–1721. doi: 10.1093/eurheartj/ehq113.

	69.	 Køber L, Torp-Pedersen C, McMurray JJ, Gøtzsche O, Lévy S, 
Crijns H, Amlie J, Carlsen J; Dronedarone Study Group. Increased 
mortality after dronedarone therapy for severe heart failure [pub-
lished correction appears in N Engl J Med. 2010;363:1384]. 
N Engl J Med. 2008;358:2678–2687. doi: 10.1056/NEJ 
Moa0800456.

	70.	 Connolly SJ, Camm AJ, Halperin JL, Joyner C, Alings M, Amerena 
J, Atar D, Avezum Á, Blomström P, Borggrefe M, Budaj A, Chen 
SA, Ching CK, Commerford P, Dans A, Davy JM, Delacrétaz E, 
Di Pasquale G, Diaz R, Dorian P, Flaker G, Golitsyn S, Gonzalez-
Hermosillo A, Granger CB, Heidbüchel H, Kautzner J, Kim JS, 
Lanas F, Lewis BS, Merino JL, Morillo C, Murin J, Narasimhan 
C, Paolasso E, Parkhomenko A, Peters NS, Sim KH, Stiles MK, 
Tanomsup S, Toivonen L, Tomcsányi J, Torp-Pedersen C, Tse HF, 
Vardas P, Vinereanu D, Xavier D, Zhu J, Zhu JR, Baret-Cormel L, 
Weinling E, Staiger C, Yusuf S, Chrolavicius S, Afzal R, Hohnloser 
SH; PALLAS Investigators. Dronedarone in high-risk permanent 
atrial fibrillation [published correction appears in N Engl J Med. 
2012;366:672]. N Engl J Med. 2011;365:2268–2276. doi: 
10.1056/NEJMoa1109867.

	71.	 Major cardiovascular events in hypertensive patients randomized 
to doxazosin vs chlorthalidone: the Antihypertensive and Lipid-
Lowering Treatment to Prevent Heart Attack Trial (ALLHAT): ALL-
HAT Collaborative Research Group [published correction appears 
in JAMA. 2002;288:2976]. JAMA. 2000;283:1967–1975. doi: 
10.1001/jama.283.15.1967.

	72.	 Messerli FH. Doxazosin and congestive heart failure. J Am Coll 
Cardiol. 2001;38:1295–1296.

	73.	 Cohn JN, Archibald DG, Ziesche S, Franciosa JA, Harston WE, 
Tristani FE, Dunkman WB, Jacobs W, Francis GS, Flohr KH, Gold-
man S, Cobb FR, Shah PM, Saunders R, Fletcher RD, Loeb HS, 
Hughes VC, Baker B. Effect of vasodilator therapy on mortality in 
chronic congestive heart failure: results of a Veterans Administra-
tion Cooperative Study. N Engl J Med. 1986;314:1547–1552. 
doi: 10.1056/NEJM198606123142404.

	74.	 Walsh RA. The effects of calcium-entry blockade on left ventricular 
systolic and diastolic function. Circulation. 1987;75(pt 2):V43–
V55.

	75.	 Elkayam U, Amin J, Mehra A, Vasquez J, Weber L, Rahimtoola 
SH. A prospective, randomized, double-blind, crossover study to 
compare the efficacy and safety of chronic nifedipine therapy with 
that of isosorbide dinitrate and their combination in the treatment 
of chronic congestive heart failure. Circulation. 1990;82:1954–
1961.

	76.	 Packer M, O’Connor CM, Ghali JK, Pressler ML, Carson PE, Belkin 
RN, Miller AB, Neuberg GW, Frid D, Wertheimer JH, Cropp AB, 
DeMets DL. Effect of amlodipine on morbidity and mortality in 
severe chronic heart failure: Prospective Randomized Amlodipine 
Survival Evaluation Study Group. N Engl J Med. 1996;335:1107–
1114. doi: 10.1056/NEJM199610103351504.

	77.	 Packer M, Carson P, Elkayam U, Konstam MA, Moe G, O’Connor 
C, Rouleau JL, Schocken D, Anderson SA, DeMets DL; PRAISE-2 
Study Group. Effect of amlodipine on the survival of patients with 
severe chronic heart failure due to a nonischemic cardiomyopa-
thy: results of the PRAISE-2 study (Prospective Randomized Amlo-
dipine Survival Evaluation 2). JACC Heart Fail. 2013;1:308–314. 
doi: 10.1016/j.jchf.2013.04.004.

	78.	 The effect of diltiazem on mortality and reinfarction after myo-
cardial infarction: the Multicenter Diltiazem Postinfarction Trial 
Research Group. N Engl J Med. 1988;319:385–392.

	79.	 Zhang Y, Cheng Z. Sympathetic inhibition with clonidine pro-
longs survival in experimental chronic heart failure. Int J Cardiol. 
2000;73:157–162. doi: 10.1056/NEJM198808183190701.

	80.	 Abiuso P, Abelow G. Atrioventricular dissociation in a patient re-
ceiving clonidine. JAMA. 1978;240:108–109.

	81.	 van Etta L, Burchell H. Severe bradycardia with clonidine. JAMA. 
1978;240:2047.

D
ow

nloaded from
 http://ahajournals.org by on N

ovem
ber 22, 2022



Page et al

August 9, 2016� Circulation. 2016;134:e32–e69. DOI: 10.1161/CIR.0000000000000426e62

	 82.	Cohn JN, Pfeffer MA, Rouleau J, Sharpe N, Swedberg K, Straub 
M, Wiltse C, Wright TJ; MOXCON Investigators. Adverse mortali-
ty effect of central sympathetic inhibition with sustained-release 
moxonidine in patients with heart failure (MOXCON). Eur J Heart 
Fail. 2003;5:659–667.

	 83.	Swedberg K, Bristow MR, Cohn JN, Dargie H, Straub M, Wiltse C, 
Wright TJ; Moxonidine Safety and Efficacy (MOXSE) Investigators. 
Effects of sustained-release moxonidine, an imidazoline agonist, 
on plasma norepinephrine in patients with chronic heart failure. 
Circulation. 2002;105:1797–1803.

	 84.	Franciosa JA, Jordan RA, Wilen MM, Leddy CL. Minoxidil in patients 
with chronic left heart failure: contrasting hemodynamic and clini-
cal effects in a controlled trial. Circulation. 1984;70:63–68.

	 85.	Sharkey PK, Rinaldi MG, Dunn JF, Hardin TC, Fetchick RJ, Graybill 
JR. High-dose itraconazole in the treatment of severe mycoses. 
Antimicrob Agents Chemother. 1991;35:707–713.

	 86.	Okamoto J, Fukunami M, Kioka H. Frequent premature 
ventricular contractions induced by itraconazole. Circ J. 
2007;71:1323–1325.

	 87.	Nelson MR, Smith D, Erskine D, Gazzard BG. Ventricular fibrilla-
tion secondary to itraconazole induced hypokalaemia. J Infect. 
1993;26:348.

	 88.	Fung SL, Chau CH, Yew WW. Cardiovascular adverse effects 
during itraconazole therapy. Eur Respir J. 2008;32:240. doi: 
10.1183/09031936.00021208.

	 89.	Ahmad SR, Singer SJ, Leissa BG. Congestive heart failure as-
sociated with itraconazole. Lancet. 2001;357:1766–1767. doi: 
10.1016/S0140-6736(00)04891-1.

	 90.	Hauben M, Hung EY. A quantitative analysis of the spontaneous 
reporting of congestive heart failure-related adverse events with 
systemic anti-fungal drugs. J Clin Pharmacol. 2013;53:762–
772. doi: 10.1002/jcph.84.

	 91.	Arsura EL, Ismail Y, Freedman S, Karunakar AR. Amphotericin 
B-induced dilated cardiomyopathy. Am J Med. 1994;97:560–562.

	 92.	Moyssakis I, Vassilakopoulos TP, Sipsas NV, Perakis A, Petrou A, 
Kosmas N, Pangalis GA. Reversible dilated cardiomyopathy as-
sociated with amphotericin B treatment. Int J Antimicrob Agents. 
2005;25:444–447. doi: 10.1016/j.ijantimicag.2005.02.015.

	 93.	Danaher PJ, Cao MK, Anstead GM, Dolan MJ, DeWitt CC. 
Reversible dilated cardiomyopathy related to amphotericin B 
therapy. J Antimicrob Chemother. 2004;53:115–117. doi: 
10.1093/jac/dkg472.

	 94.	Menna P, Paz OG, Chello M, Covino E, Salvatorelli E, Minotti G. 
Anthracycline cardiotoxicity. Expert Opin Drug Saf. 2012;11(sup-
pl 1):S21–S36. doi: 10.1517/14740338.2011.589834.

	 95.	Minotti G, Menna P, Salvatorelli E, Cairo G, Gianni L. 
Anthracyclines: molecular advances and pharmacologic develop-
ments in antitumor activity and cardiotoxicity. Pharmacol Rev. 
2004;56:185–229. doi: 10.1124/pr.56.2.6.

	 96.	Barry E, Alvarez JA, Scully RE, Miller TL, Lipshultz SE. 
Anthracycline-induced cardiotoxicity: course, patho-
physiology, prevention and management. Expert Opin 
Pharmacother. 2007;8:1039–1058. doi: 10.1517/ 
14656566.8.8.1039.

	 97.	Von Hoff DD, Layard MW, Basa P, Davis HL Jr, Von Hoff AL, 
Rozencweig M, Muggia FM. Risk factors for doxorubicin-induced 
congestive heart failure. Ann Intern Med. 1979;91:710–717.

	 98.	Swain SM, Whaley FS, Ewer MS. Congestive heart failure in pa-
tients treated with doxorubicin: a retrospective analysis of three 
trials. Cancer. 2003;97:2869–2879. doi: 10.1002/cncr.11407.

	 99.	Kremer LC, van Dalen EC, Offringa M, Voûte PA. Frequency and 
risk factors of anthracycline-induced clinical heart failure in chil-
dren: a systematic review. Ann Oncol. 2002;13:503–512.

	100.	van Dalen EC, van der Pal HJ, Kok WE, Caron HN, Kremer LC. 
Clinical heart failure in a cohort of children treated with anthracy-
clines: a long-term follow-up study. Eur J Cancer. 2006;42:3191–
3198. doi: 10.1016/j.ejca.2006.08.005.

	101.	Ho E, Brown A, Barrett P, Morgan RB, King G, Kennedy MJ, 
Murphy RT. Subclinical anthracycline- and trastuzumab-induced 
cardiotoxicity in the long-term follow-up of asymptomatic breast 
cancer survivors: a speckle tracking echocardiographic study. 
Heart. 2010;96:701–707. doi: 10.1136/hrt.2009.173997.

	102.	Colombo A, Sandri MT, Salvatici M, Cipolla CM, Cardinale D. 
Cardiac complications of chemotherapy: role of biomarkers. Curr 
Treat Options Cardiovasc Med. 2014;16:313. doi: 10.1007/
s11936-014-0313-6.

	103.	Ky B, Putt M, Sawaya H, French B, Januzzi JL Jr, Sebag IA, 
Plana JC, Cohen V, Banchs J, Carver JR, Wiegers SE, Martin 
RP, Picard MH, Gerszten RE, Halpern EF, Passeri J, Kuter I, 
Scherrer-Crosbie M. Early increases in multiple biomark-
ers predict subsequent cardiotoxicity in patients with breast 
cancer treated with doxorubicin, taxanes, and trastuzum-
ab. J Am Coll Cardiol. 2014;63:809–816. doi: 10.1016/j.
jacc.2013.10.061.

	104.	Krischer JP, Epstein S, Cuthbertson DD, Goorin AM, Epstein ML, 
Lipshultz SE. Clinical cardiotoxicity following anthracycline treat-
ment for childhood cancer: the Pediatric Oncology Group experi-
ence. J Clin Oncol. 1997;15:1544–1552.

	105.	Lipshultz SE, Lipsitz SR, Mone SM, Goorin AM, Sallan SE, Sanders 
SP, Orav EJ, Gelber RD, Colan SD. Female sex and drug dose as 
risk factors for late cardiotoxic effects of doxorubicin therapy 
for childhood cancer. N Engl J Med. 1995;332:1738–1743. doi: 
10.1056/NEJM199506293322602.

	106.	van Dalen EC, van der Pal HJ, Caron HN, Kremer LC. Different 
dosage schedules for reducing cardiotoxicity in cancer patients 
receiving anthracycline chemotherapy. Cochrane Database Syst 
Rev. 2009:CD005008.

	107.	Pinder MC, Duan Z, Goodwin JS, Hortobagyi GN, Giordano SH. 
Congestive heart failure in older women treated with adjuvant 
anthracycline chemotherapy for breast cancer. J Clin Oncol. 
2007;25:3808–3815. doi: 10.1200/JCO.2006.10.4976.

	108.	Blanco JG, Sun CL, Landier W, Chen L, Esparza-Duran D, 
Leisenring W, Mays A, Friedman DL, Ginsberg JP, Hudson MM, 
Neglia JP, Oeffinger KC, Ritchey AK, Villaluna D, Relling MV, 
Bhatia S. Anthracycline-related cardiomyopathy after childhood 
cancer: role of polymorphisms in carbonyl reductase genes: 
a report from the Children’s Oncology Group. J Clin Oncol. 
2012;30:1415–1421. doi: 10.1200/JCO.2011.34.8987.

	109.	Wojnowski L, Kulle B, Schirmer M, Schlüter G, Schmidt A, 
Rosenberger A, Vonhof S, Bickeböller H, Toliat MR, Suk EK, 
Tzvetkov M, Kruger A, Seifert S, Kloess M, Hahn H, Loeffler 
M, Nürnberg P, Pfreundschuh M, Trümper L, Brockmöller J, 
Hasenfuss G. NAD(P)H oxidase and multidrug resistance pro-
tein genetic polymorphisms are associated with doxorubicin-
induced cardiotoxicity. Circulation. 2005;112:3754–3762. doi: 
10.1161/CIRCULATIONAHA.105.576850.

	110.	Ryberg M, Nielsen D, Skovsgaard T, Hansen J, Jensen BV, 
Dombernowsky P. Epirubicin cardiotoxicity: an analysis of 
469 patients with metastatic breast cancer. J Clin Oncol. 
1998;16:3502–3508.

	111.	Geiger S, Lange V, Suhl P, Heinemann V, Stemmler HJ. 
Anticancer therapy induced cardiotoxicity: review of the lit-
erature. Anticancer Drugs. 2010;21:578–590. doi: 10.1097/
CAD.0b013e3283394624.

	112.	van Dalen EC, Caron HN, Dickinson HO, Kremer LC. 
Cardioprotective interventions for cancer patients receiving an-
thracyclines. Cochrane Database Syst Rev. 2011:CD003917.

	113.	Hensley ML, Hagerty KL, Kewalramani T, Green DM, Meropol 
NJ, Wasserman TH, Cohen GI, Emami B, Gradishar WJ, Mitchell 
RB, Thigpen JT, Trotti A 3rd, von Hoff D, Schuchter LM. 
American Society of Clinical Oncology 2008 clinical practice 
guideline update: use of chemotherapy and radiation therapy 
protectants. J Clin Oncol. 2009;27:127–145. doi: 10.1200/
JCO.2008.17.2627.

D
ow

nloaded from
 http://ahajournals.org by on N

ovem
ber 22, 2022



Drugs That May Cause or Exacerbate Heart Failure
CLINICAL STATEM

ENTS 
AND GUIDELINES

Circulation. 2016;134:e32–e69. DOI: 10.1161/CIR.0000000000000426� August 9, 2016 e63

	114.	van Dalen EC, Michiels EM, Caron HN, Kremer LC. Different 
anthracycline derivates for reducing cardiotoxicity in cancer pa-
tients. Cochrane Database Syst Rev. 2010:CD005006.

	115.	Noori A, Lindenfeld J, Wolfel E, Ferguson D, Bristow MR, Lowes 
BD. Beta-blockade in adriamycin-induced cardiomyopathy. J Card 
Fail. 2000;6:115–119.

	116.	Eschenhagen T, Force T, Ewer MS, de Keulenaer GW, Suter TM, 
Anker SD, Avkiran M, de Azambuja E, Balligand JL, Brutsaert 
DL, Condorelli G, Hansen A, Heymans S, Hill JA, Hirsch E, 
Hilfiker-Kleiner D, Janssens S, de Jong S, Neubauer G, Pieske B, 
Ponikowski P, Pirmohamed M, Rauchhaus M, Sawyer D, Sugden 
PH, Wojta J, Zannad F, Shah AM. Cardiovascular side effects of 
cancer therapies: a position statement from the Heart Failure 
Association of the European Society of Cardiology. Eur J Heart 
Fail. 2011;13:1–10. doi: 10.1093/eurjhf/hfq213.

	117.	Cardinale D, Colombo A, Sandri MT, Lamantia G, Colombo 
N, Civelli M, Martinelli G, Veglia F, Fiorentini C, Cipolla CM. 
Prevention of high-dose chemotherapy-induced cardiotoxic-
ity in high-risk patients by angiotensin-converting enzyme in-
hibition. Circulation. 2006;114:2474–2481. doi: 10.1161/
CIRCULATIONAHA.106.635144.

	118.	Pai VB, Nahata MC. Cardiotoxicity of chemotherapeutic agents: in-
cidence, treatment and prevention. Drug Saf. 2000;22:263–302.

	119.	Ayash LJ, Wright JE, Tretyakov O, Gonin R, Elias A, Wheeler C, 
Eder JP, Rosowsky A, Antman K, Frei E 3rd. Cyclophosphamide 
pharmacokinetics: correlation with cardiac toxicity and tumor re-
sponse. J Clin Oncol. 1992;10:995–1000.

	120.	Mythili Y, Sudharsan PT, Selvakumar E, Varalakshmi P. Protective 
effect of DL-alpha-lipoic acid on cyclophosphamide induced oxi-
dative cardiac injury. Chem Biol Interact. 2004;151:13–19. doi: 
10.1016/j.cbi.2004.10.004.

	121.	Appelbaum F, Strauchen JA, Graw RG Jr, Savage DD, Kent KM, 
Ferrans VJ, Herzig GP. Acute lethal carditis caused by high-dose 
combination chemotherapy: a unique clinical and pathological en-
tity. Lancet. 1976;1:58–62.

	122.	Braverman AC, Antin JH, Plappert MT, Cook EF, Lee RT. 
Cyclophosphamide cardiotoxicity in bone marrow transplantation: 
a prospective evaluation of new dosing regimens. J Clin Oncol. 
1991;9:1215–1223.

	123.	Goldberg MA, Antin JH, Guinan EC, Rappeport JM. Cyclophosphamide 
cardiotoxicity: an analysis of dosing as a risk factor. Blood. 
1986;68:1114–1118.

	124.	Tiersten A, Wo J, Jacobson C, Weitzman A, Horwich T, Hesdorffer 
C, Savage D, Troxel A. Cardiac toxicity observed in association 
with high-dose cyclophosphamide-based chemotherapy for meta-
static breast cancer. Breast. 2004;13:341–346. doi: 10.1016/j.
breast.2004.02.007.

	125.	Quezado ZM, Wilson WH, Cunnion RE, Parker MM, Reda D, 
Bryant G, Ognibene FP. High-dose ifosfamide is associated 
with severe, reversible cardiac dysfunction. Ann Intern Med. 
1993;118:31–36.

	126.	Floyd JD, Nguyen DT, Lobins RL, Bashir Q, Doll DC, Perry MC. 
Cardiotoxicity of cancer therapy. J Clin Oncol. 2005;23:7685–
7696. doi: 10.1200/JCO.2005.08.789.

	127.	Yeh ET, Tong AT, Lenihan DJ, Yusuf SW, Swafford J, Champion 
C, Durand JB, Gibbs H, Zafarmand AA, Ewer MS. Cardiovascular 
complications of cancer therapy: diagnosis, pathogenesis, 
and management. Circulation. 2004;109:3122–3131. doi: 
10.1161/01.CIR.0000133187.74800.B9.

	128.	de Forni M, Malet-Martino MC, Jaillais P, Shubinski RE, Bachaud 
JM, Lemaire L, Canal P, Chevreau C, Carrié D, Soulié P. 
Cardiotoxicity of high-dose continuous infusion fluorouracil: a 
prospective clinical study. J Clin Oncol. 1992;10:1795–1801.

	129.	Jensen SA, Sørensen JB. Risk factors and prevention of car-
diotoxicity induced by 5-fluorouracil or capecitabine. Cancer 
Chemother Pharmacol. 2006;58:487–493. doi: 10.1007/
s00280-005-0178-1.

	130.	Kosmas C, Kallistratos MS, Kopterides P, Syrios J, Skopelitis H, 
Mylonakis N, Karabelis A, Tsavaris N. Cardiotoxicity of fluoropy-
rimidines in different schedules of administration: a prospective 
study. J Cancer Res Clin Oncol. 2008;134:75–82. doi: 10.1007/
s00432-007-0250-9.

	131.	Dalzell JR, Samuel LM. The spectrum of 5-fluorouracil cardiotox-
icity. Anticancer Drugs. 2009;20:79–80.

	132.	Radhakrishnan V, Bakhshi S. 5-Fluorouracil-induced acute dilated 
cardiomyopathy in a pediatric patient. J Pediatr Hematol Oncol. 
2011;33:323. doi: 10.1097/MPH.0b013e3181f46e65.

	133.	Stewart T, Pavlakis N, Ward M. Cardiotoxicity with 5-fluorouracil 
and capecitabine: more than just vasospastic angina. Intern Med J. 
2010;40:303–307. doi: 10.1111/j.1445-5994.2009.02144.x.

	134.	Basselin C, Fontanges T, Descotes J, Chevalier P, Bui-Xuan B, 
Feinard G, Timour Q. 5-Fluorouracil-induced Tako-Tsubo-like 
syndrome. Pharmacotherapy. 2011;31:226. doi: 10.1592/
phco.31.2.226.

	135.	Grunwald MR, Howie L, Diaz LA Jr. Takotsubo cardiomyopathy 
and Fluorouracil: case report and review of the literature. J Clin 
Oncol. 2012;30:e11–e14. doi: 10.1200/JCO.2011.38.5278.

	136.	de Azambuja E, Bedard PL, Suter T, Piccart-Gebhart M. 
Cardiac toxicity with anti-HER-2 therapies: what have we 
learned so far? Target Oncol. 2009;4:77–88. doi: 10.1007/
s11523-009-0112-2.

	137.	Sawyer DB, Zuppinger C, Miller TA, Eppenberger HM, Suter 
TM. Modulation of anthracycline-induced myofibrillar disarray 
in rat ventricular myocytes by neuregulin-1beta and anti-erbB2: 
potential mechanism for trastuzumab-induced cardiotoxicity. 
Circulation. 2002;105:1551–1554.

	138.	Force T, Krause DS, Van Etten RA. Molecular mechanisms of 
cardiotoxicity of tyrosine kinase inhibition. Nat Rev Cancer. 
2007;7:332–344. doi: 10.1038/nrc2106.

	139.	Seidman A, Hudis C, Pierri MK, Shak S, Paton V, Ashby M, 
Murphy M, Stewart SJ, Keefe D. Cardiac dysfunction in 
the trastuzumab clinical trials experience. J Clin Oncol. 
2002;20:1215–1221.

	140.	Bird BR, Swain SM. Cardiac toxicity in breast cancer survi-
vors: review of potential cardiac problems. Clin Cancer Res. 
2008;14:14–24. doi: 10.1158/1078-0432.CCR-07-1033.

	141.	Telli ML, Hunt SA, Carlson RW, Guardino AE. Trastuzumab-
related cardiotoxicity: calling into question the concept of re-
versibility. J Clin Oncol. 2007;25:3525–3533. doi: 10.1200/
JCO.2007.11.0106.

	142.	Suter TM, Procter M, van Veldhuisen DJ, Muscholl M, Bergh J, 
Carlomagno C, Perren T, Passalacqua R, Bighin C, Klijn JG, Ageev 
FT, Hitre E, Groetz J, Iwata H, Knap M, Gnant M, Muehlbauer 
S, Spence A, Gelber RD, Piccart-Gebhart MJ. Trastuzumab-
associated cardiac adverse effects in the Herceptin Adjuvant 
Trial. J Clin Oncol. 2007;25:3859–3865. doi: 10.1200/
JCO.2006.09.1611.

	143.	Moja L, Tagliabue L, Balduzzi S, Parmelli E, Pistotti V, Guarneri 
V, D’Amico R. Trastuzumab containing regimens for early breast 
cancer. Cochrane Database Syst Rev. 2012;4:CD006243. doi: 
10.1002/14651858.CD006243.pub2.

	144.	Procter M, Suter TM, de Azambuja E, Dafni U, van Dooren V, 
Muehlbauer S, Climent MA, Rechberger E, Liu WT, Toi M, 
Coombes RC, Dodwell D, Pagani O, Madrid J, Hall M, Chen SC, 
Focan C, Muschol M, van Veldhuisen DJ, Piccart-Gebhart MJ. 
Longer-term assessment of trastuzumab-related cardiac ad-
verse events in the Herceptin Adjuvant (HERA) trial. J Clin Oncol. 
2010;28:3422–3428. doi: 10.1200/JCO.2009.26.0463.

	145.	Wadhwa D, Fallah-Rad N, Grenier D, Krahn M, Fang T, Ahmadie 
R, Walker JR, Lister D, Arora RC, Barac I, Morris A, Jassal 
DS. Trastuzumab mediated cardiotoxicity in the setting of ad-
juvant chemotherapy for breast cancer: a retrospective study. 
Breast Cancer Res Treat. 2009;117:357–364. doi: 10.1007/
s10549-008-0260-6.

D
ow

nloaded from
 http://ahajournals.org by on N

ovem
ber 22, 2022



Page et al

August 9, 2016� Circulation. 2016;134:e32–e69. DOI: 10.1161/CIR.0000000000000426e64

	146.	Tarantini L, Cioffi G, Gori S, Tuccia F, Boccardi L, Bovelli D, 
Lestuzzi C, Maurea N, Oliva S, Russo G, Faggiano P; Italian 
Cardio-Oncologic Network. Trastuzumab adjuvant chemotherapy 
and cardiotoxicity in real-world women with breast cancer. J Card 
Fail. 2012;18:113–119. doi: 10.1016/j.cardfail.2011.10.015.

	147.	Lenihan D, Suter T, Brammer M, Neate C, Ross G, Baselga J. 
Pooled analysis of cardiac safety in patients with cancer treated 
with pertuzumab. Ann Oncol. 2012;23:791–800. doi: 10.1093/
annonc/mdr294.

	148.	Gianni L, Lladó A, Bianchi G, Cortes J, Kellokumpu-Lehtinen PL, 
Cameron DA, Miles D, Salvagni S, Wardley A, Goeminne JC, 
Hersberger V, Baselga J. Open-label, phase II, multicenter, ran-
domized study of the efficacy and safety of two dose levels of 
Pertuzumab, a human epidermal growth factor receptor 2 dimer-
ization inhibitor, in patients with human epidermal growth fac-
tor receptor 2-negative metastatic breast cancer. J Clin Oncol. 
2010;28:1131–1137. doi: 10.1200/JCO.2009.24.1661.

	149.	Perez EA, Koehler M, Byrne J, Preston AJ, Rappold E, Ewer MS. 
Cardiac safety of lapatinib: pooled analysis of 3689 patients 
enrolled in clinical trials. Mayo Clin Proc. 2008;83:679–686. 
doi: 10.4065/83.6.679.

	150.	Vaklavas C, Lenihan D, Kurzrock R, Tsimberidou AM. Anti-vascular 
endothelial growth factor therapies and cardiovascular toxicity: 
what are the important clinical markers to target? Oncologist. 
2010;15:130–141. doi: 10.1634/theoncologist.2009-0252.

	151.	Choueiri TK, Mayer EL, Je Y, Rosenberg JE, Nguyen PL, Azzi GR, 
Bellmunt J, Burstein HJ, Schutz FA. Congestive heart failure risk 
in patients with breast cancer treated with bevacizumab. J Clin 
Oncol. 2011;29:632–638. doi: 10.1200/JCO.2010.31.9129.

	152.	Girardi F, Franceschi E, Brandes AA. Cardiovascular safety 
of VEGF-targeting therapies: current evidence and handling 
strategies. Oncologist. 2010;15:683–694. doi: 10.1634/
theoncologist.2009-0235.

	153.	Zambelli A, Della Porta MG, Eleuteri E, De Giuli L, Catalano O, 
Tondini C, Riccardi A. Predicting and preventing cardiotoxicity 
in the era of breast cancer targeted therapies: novel molecu-
lar tools for clinical issues. Breast. 2011;20:176–183. doi: 
10.1016/j.breast.2010.11.002.

	154.	Hawkes EA, Okines AF, Plummer C, Cunningham D. 
Cardiotoxicity in patients treated with bevacizumab is potentially 
reversible. J Clin Oncol. 2011;29:e560–e562. doi: 10.1200/
JCO.2011.35.5008.

	155.	Chen MH, Kerkelä R, Force T. Mechanisms of cardiac dys-
function associated with tyrosine kinase inhibitor cancer 
therapeutics. Circulation. 2008;118:84–95. doi: 10.1161/
CIRCULATIONAHA.108.776831.

	156.	Chu TF, Rupnick MA, Kerkela R, Dallabrida SM, Zurakowski D, 
Nguyen L, Woulfe K, Pravda E, Cassiola F, Desai J, George S, Morgan 
JA, Harris DM, Ismail NS, Chen JH, Schoen FJ, Van den Abbeele 
AD, Demetri GD, Force T, Chen MH. Cardiotoxicity associated 
with tyrosine kinase inhibitor sunitinib. Lancet. 2007;370:2011–
2019. doi: 10.1016/S0140-6736(07)61865-0.

	157.	Force T, Kerkelä R. Cardiotoxicity of the new cancer therapeutics: 
mechanisms of, and approaches to, the problem. Drug Discov 
Today. 2008;13:778–784. doi: 10.1016/j.drudis.2008.05.011.

	158.	Motzer RJ, Hutson TE, Tomczak P, Michaelson MD, Bukowski RM, 
Rixe O, Oudard S, Negrier S, Szczylik C, Kim ST, Chen I, Bycott 
PW, Baum CM, Figlin RA. Sunitinib versus interferon alfa in meta-
static renal-cell carcinoma. N Engl J Med. 2007;356:115–124. 
doi: 10.1056/NEJMoa065044.

	159.	Richards CJ, Je Y, Schutz FA, Heng DY, Dallabrida SM, Moslehi 
JJ, Choueiri TK. Incidence and risk of congestive heart failure 
in patients with renal and nonrenal cell carcinoma treated with 
sunitinib. J Clin Oncol. 2011;29:3450–3456. doi: 10.1200/
JCO.2010.34.4309.

	160.	Di Lorenzo G, Autorino R, Bruni G, Cartenì G, Ricevuto E, Tudini 
M, Ficorella C, Romano C, Aieta M, Giordano A, Giuliano M, 

Gonnella A, De Nunzio C, Rizzo M, Montesarchio V, Ewer M, 
De Placido S. Cardiovascular toxicity following sunitinib therapy 
in metastatic renal cell carcinoma: a multicenter analysis. Ann 
Oncol. 2009;20:1535–1542. doi: 10.1093/annonc/mdp025.

	161.	Telli ML, Witteles RM, Fisher GA, Srinivas S. Cardiotoxicity as-
sociated with the cancer therapeutic agent sunitinib malate. Ann 
Oncol. 2008;19:1613–1618. doi: 10.1093/annonc/mdn168.

	162.	Izumiya Y, Shiojima I, Sato K, Sawyer DB, Colucci WS, Walsh K. 
Vascular endothelial growth factor blockade promotes the tran-
sition from compensatory cardiac hypertrophy to failure in re-
sponse to pressure overload. Hypertension. 2006;47:887–893. 
doi: 10.1161/01.HYP.0000215207.54689.31.

	163.	Kerkela R, Woulfe KC, Durand JB, Vagnozzi R, Kramer D, 
Chu TF, Beahm C, Chen MH, Force T. Sunitinib-induced 
cardiotoxicity is mediated by off-target inhibition of AMP-
activated protein kinase. Clin Transl Sci. 2009;2:15–25. doi: 
10.1111/j.1752-8062.2008.00090.x.

	164.	Wong MK, Jarkowski A. Response to sorafenib after suni-
tinib-induced acute heart failure in a patient with meta-
static renal cell carcinoma: case report and review of the 
literature. Pharmacotherapy. 2009;29:473–478. doi: 10.1592/
phco.29.4.473.

	165.	Maitland ML, Bakris GL, Black HR, Chen HX, Durand JB, Elliott 
WJ, Ivy SP, Leier CV, Lindenfeld J, Liu G, Remick SC, Steingart 
R, Tang WH; Cardiovascular Toxicities Panel, Convened by 
the Angiogenesis Task Force of the National Cancer Institute 
Investigational Drug Steering Committee. Initial assessment, 
surveillance, and management of blood pressure in patients re-
ceiving vascular endothelial growth factor signaling pathway in-
hibitors. J Natl Cancer Inst. 2010;102:596–604. doi: 10.1093/
jnci/djq091.

	166.	Kerkelä R, Grazette L, Yacobi R, Iliescu C, Patten R, Beahm 
C, Walters B, Shevtsov S, Pesant S, Clubb FJ, Rosenzweig 
A, Salomon RN, Van Etten RA, Alroy J, Durand JB, Force T. 
Cardiotoxicity of the cancer therapeutic agent imatinib mesylate. 
Nat Med. 2006;12:908–916. doi: 10.1038/nm1446.

	167.	Trent JC, Patel SS, Zhang J, Araujo DM, Plana JC, Lenihan DJ, Fan 
D, Patel SR, Benjamin RS, Khakoo AY. Rare incidence of congestive 
heart failure in gastrointestinal stromal tumor and other sarcoma 
patients receiving imatinib mesylate. Cancer. 2010;116:184–
192. doi: 10.1002/cncr.24683.

	168.	Moore MJ, Goldstein D, Hamm J, Figer A, Hecht JR, Gallinger S, Au 
HJ, Murawa P, Walde D, Wolff RA, Campos D, Lim R, Ding K, Clark G, 
Voskoglou-Nomikos T, Ptasynski M, Parulekar W; National Cancer 
Institute of Canada Clinical Trials Group. Erlotinib plus gemcitabine 
compared with gemcitabine alone in patients with advanced pan-
creatic cancer: a phase III trial of the National Cancer Institute of 
Canada Clinical Trials Group. J Clin Oncol. 2007;25:1960–1966. 
doi: 10.1200/JCO.2006.07.9525.

	169.	Yeh ET, Bickford CL. Cardiovascular complications of cancer 
therapy: incidence, pathogenesis, diagnosis, and manage-
ment. J Am Coll Cardiol. 2009;53:2231–2247. doi: 10.1016/j.
jacc.2009.02.050.

	170.	Biganzoli L, Cufer T, Bruning P, Coleman RE, Duchateau L, 
Rapoport B, Nooij M, Delhaye F, Miles D, Sulkes A, Hamilton A, 
Piccart M. Doxorubicin-paclitaxel: a safe regimen in terms of 
cardiac toxicity in metastatic breast carcinoma patients: results 
from a European Organization for Research and Treatment of 
Cancer multicenter trial. Cancer. 2003;97:40–45. doi: 10.1002/
cncr.10914.

	171.	Martin M, Pienkowski T, Mackey J, Pawlicki M, Guastalla JP, 
Weaver C, Tomiak E, Al-Tweigeri T, Chap L, Juhos E, Guevin R, 
Howell A, Fornander T, Hainsworth J, Coleman R, Vinholes J, 
Modiano M, Pinter T, Tang SC, Colwell B, Prady C, Provencher 
L, Walde D, Rodriguez-Lescure A, Hugh J, Loret C, Rupin M, 
Blitz S, Jacobs P, Murawsky M, Riva A, Vogel C; Breast Cancer 
International Research Group 001 Investigators. Adjuvant 

D
ow

nloaded from
 http://ahajournals.org by on N

ovem
ber 22, 2022



Drugs That May Cause or Exacerbate Heart Failure
CLINICAL STATEM

ENTS 
AND GUIDELINES

Circulation. 2016;134:e32–e69. DOI: 10.1161/CIR.0000000000000426� August 9, 2016 e65

docetaxel for node-positive breast cancer. N Engl J Med. 
2005;352:2302–2313. doi: 10.1056/NEJMoa043681.

	172.	Marty M, Cognetti F, Maraninchi D, Snyder R, Mauriac L, 
Tubiana-Hulin M, Chan S, Grimes D, Antón A, Lluch A, Kennedy 
J, O’Byrne K, Conte P, Green M, Ward C, Mayne K, Extra JM. 
Randomized phase II trial of the efficacy and safety of trastu-
zumab combined with docetaxel in patients with human epi-
dermal growth factor receptor 2-positive metastatic breast 
cancer administered as first-line treatment: the M77001 Study 
Group. J Clin Oncol. 2005;23:4265–4274. doi: 10.1200/
JCO.2005.04.173.

	173.	Palumbo A, Rajkumar SV, Dimopoulos MA, Richardson PG, San 
Miguel J, Barlogie B, Harousseau J, Zonder JA, Cavo M, Zangari 
M, Attal M, Belch A, Knop S, Joshua D, Sezer O, Ludwig H, Vesole 
D, Bladé J, Kyle R, Westin J, Weber D, Bringhen S, Niesvizky R, 
Waage A, von Lilienfeld-Toal M, Lonial S, Morgan GJ, Orlowski RZ, 
Shimizu K, Anderson KC, Boccadoro M, Durie BG, Sonneveld P, 
Hussein MA; International Myeloma Working Group. Prevention of 
thalidomide- and lenalidomide-associated thrombosis in myeloma. 
Leukemia. 2008;22:414–423. doi: 10.1038/sj.leu.2405062.

	174.	Gullestad L, Ueland T, Fjeld JG, Holt E, Gundersen T, Breivik 
K, Følling M, Hodt A, Skårdal R, Kjekshus J, Andreassen A, 
Kjekshus E, Wergeland R, Yndestad A, Frøland SS, Semb AG, 
Aukrust P. Effect of thalidomide on cardiac remodeling in chron-
ic heart failure: results of a double-blind, placebo-controlled 
study. Circulation. 2005;112:3408–3414. doi: 10.1161/
CIRCULATIONAHA.105.564971.

	175.	Carver JR, Nasta S, Chong EA, Stonecypher M, Wheeler JE, 
Ahmadi T, Schuster SJ. Myocarditis during lenalidomide thera-
py. Ann Pharmacother. 2010;44:1840–1843. doi: 10.1345/
aph.1P044.

	176.	Thavendiranathan P, Verhaert D, Kendra KL, Raman SV. 
Fulminant myocarditis owing to high-dose interleukin-2 therapy 
for metastatic melanoma. Br J Radiol. 2011;84:e99–e102. 
doi: 10.1259/bjr/13448473.

	177.	Yao H, He XH, Bruce IC, Xia Q. Nitric oxide participates in the 
negative inotropic effect of interferon-alpha in rat cardiac mus-
cle. Conf Proc IEEE Eng Med Biol Soc. 2005;6:5723–5726. doi: 
10.1109/IEMBS.2005.1615787.

	178.	Deyton LR, Walker RE, Kovacs JA, Herpin B, Parker M, Masur 
H, Fauci AS, Lane HC. Reversible cardiac dysfunction associ-
ated with interferon alfa therapy in AIDS patients with Kaposi’s 
sarcoma. N Engl J Med. 1989;321:1246–1249. doi: 10.1056/
NEJM198911023211806.

	179.	Zimmerman S, Adkins D, Graham M, Petruska P, Bowers C, 
Vrahnos D, Spitzer G. Irreversible, severe congestive cardiomy-
opathy occurring in association with interferon alpha therapy. 
Cancer Biother. 1994;9:291–299.

	180.	Sonnenblick M, Rosin A. Cardiotoxicity of interferon. A review of 
44 cases. Chest. 1991;99:557–561.

	181.	Tortorella G, Piccin A, Tieghi A, Marcheselli L, Steurer M, Gastl 
G, Codeluppi K, Fama A, Santoro U, Birtolo C, Gugliotta G, 
Cortelazzo S, Gugliotta L, Gimema Foundation project “Registro 
Italiano Trombocitemie (RIT).” Anagrelide treatment and cardio-
vascular monitoring in essential thrombocythemia. A prospec-
tive observational study. Leuk Res. 2015;39:592–598. doi: 
10.1016/j.leukres.2015.03.014.

	182.	Engel PJ, Johnson H, Baughman RP, Richards AI. High-output 
heart failure associated with anagrelide therapy for essential 
thrombocytosis. Ann Intern Med. 2005;143:311–313.

	183.	Anagrelide, a therapy for thrombocythemic states: experi-
ence in 577 patients: Anagrelide Study Group. Am J Med. 
1992;92:69–76.

	184.	Silverstein MN, Petitt RM, Solberg LA Jr, Fleming JS, Knight 
RC, Schacter LP. Anagrelide: a new drug for treating thrombo-
cytosis. N Engl J Med. 1988;318:1292–1294. doi: 10.1056/
NEJM198805193182002.

	185.	Rogers KC, Oliphant CS, Finks SW. Clinical efficacy and safety of  
cilostazol: a critical review of the literature. Drugs. 2015;75:377–
395. doi: 10.1007/s40265-015-0364-3.

	186.	Packer M, Carver JR, Rodeheffer RJ, Ivanhoe RJ, DiBianco R, 
Zeldis SM, Hendrix GH, Bommer WJ, Elkayam U, Kukin ML, Mallis 
GI, Sollano JA, Shannon J, Tandon PK, DeMets DL, PROMISE 
Study Research Group. Effect of oral milrinone on mortality 
in severe chronic heart failure: the PROMISE Study Research 
Group. N Engl J Med. 1991;325:1468–1475. doi: 10.1056/
NEJM199111213252103.

	187.	Ali WM, Al Habib KF, Al-Motarreb A, Singh R, Hersi A, Al Faleh 
H, Asaad N, Al Saif S, Almahmeed W, Sulaiman K, Amin H, Al-
Lawati J, Al Bustani N, Al-Sagheer NQ, Al-Qahtani A, Al Suwaidi 
J. Acute coronary syndrome and khat herbal amphetamine use: 
an observational report. Circulation. 2011;124:2681–2689. doi: 
10.1161/CIRCULATIONAHA.111.039768.

	188.	Dadfarmay S, Dixon J. A case of acute cardiomyopathy and peri-
carditis associated with methylphenidate. Cardiovasc Toxicol. 
2009;9:49–52. doi: 10.1007/s12012-009-9033-7.

	189.	Hong R, Matsuyama E, Nur K. Cardiomyopathy associ-
ated with the smoking of crystal methamphetamine. JAMA. 
1991;265:1152–1154.

	190.	Marks DH. Cardiomyopathy due to ingestion of Adderall. Am J Ther. 
2008;15:287–289. doi: 10.1097/MJT.0b013e3180ed6291.

	191.	Smith HJ, Roche AH, Jausch MF, Herdson PB. Cardiomyopathy 
associated with amphetamine administration. Am Heart J. 
1976;91:792–797.

	192.	Sylvester AL, Agarwala B. Acute myocardial infarction in a teen-
ager due to Adderall XR. Pediatr Cardiol. 2012;33:155–157. 
doi: 10.1007/s00246-011-0083-9.

	193.	Westover AN, Nakonezny PA, Haley RW. Acute myocar-
dial infarction in young adults who abuse amphetamines. 
Drug Alcohol Depend. 2008;96:49–56. doi: 10.1016/j.
drugalcdep.2008.01.027.

	194.	Wijetunga M, Seto T, Lindsay J, Schatz I. Crystal methamphet-
amine-associated cardiomyopathy: tip of the iceberg? J Toxicol 
Clin Toxicol. 2003;41:981–986.

	195.	Yeo KK, Wijetunga M, Ito H, Efird JT, Tay K, Seto TB, Alimineti 
K, Kimata C, Schatz IJ. The association of methamphet-
amine use and cardiomyopathy in young patients. Am J Med. 
2007;120:165–171. doi: 10.1016/j.amjmed.2006.01.024.

	196.	Vitiello B. Understanding the risk of using medications for atten-
tion deficit hyperactivity disorder with respect to physical growth 
and cardiovascular function. Child Adolesc Psychiatr Clin N Am. 
2008;17:459–474, xi. doi: 10.1016/j.chc.2007.11.010.

	197.	Cooper WO, Habel LA, Sox CM, Chan KA, Arbogast PG, Cheetham 
TC, Murray KT, Quinn VP, Stein CM, Callahan ST, Fireman BH, 
Fish FA, Kirshner HS, O’Duffy A, Connell FA, Ray WA. ADHD 
drugs and serious cardiovascular events in children and young 
adults. N Engl J Med. 2011;365:1896–1904. doi: 10.1056/
NEJMoa1110212.

	198.	Habel LA, Cooper WO, Sox CM, Chan KA, Fireman BH, Arbogast 
PG, Cheetham TC, Quinn VP, Dublin S, Boudreau DM, Andrade 
SE, Pawloski PA, Raebel MA, Smith DH, Achacoso N, Uratsu C, 
Go AS, Sidney S, Nguyen-Huynh MN, Ray WA, Selby JV. ADHD 
medications and risk of serious cardiovascular events in young 
and middle-aged adults. JAMA. 2011;306:2673–2683. doi: 
10.1001/jama.2011.1830.

	199.	Terrence CF, Fromm G. Congestive heart failure during carbam-
azepine therapy. Ann Neurol. 1980;8:200–201. doi: 10.1002/
ana.410080214.

	200.	Apfelbaum JD, Caravati EM, Kerns WP 2nd, Bossart PJ, Larsen 
G. Cardiovascular effects of carbamazepine toxicity. Ann Emerg 
Med. 1995;25:631–635.

	201.	Faisy C, Guerot E, Diehl JL, Rezgui N, Labrousse J. 
Carbamazepine-associated severe left ventricular dysfunction. J 
Toxicol Clin Toxicol. 2000;38:339–342.

D
ow

nloaded from
 http://ahajournals.org by on N

ovem
ber 22, 2022



Page et al

August 9, 2016� Circulation. 2016;134:e32–e69. DOI: 10.1161/CIR.0000000000000426e66

	202.	Tibballs J. Acute toxic reaction to carbamazepine: clinical effects 
and serum concentrations. J Pediatr. 1992;121:295–299.

	203.	Fong T, Lee AJ. A case of pregabalin-associated heart fail-
ure decompensation in a patient with a history of stage I 
heart failure. Ann Pharmacother. 2014;48:1077–1081. doi: 
10.1177/1060028014530551.

	204.	Mackin P. Cardiac side effects of psychiatric drugs. Hum 
Psychopharmacol. 2008;23(suppl 1):3–14. doi: 10.1002/
hup.915.

	205.	Ray WA, Meredith S, Thapa PB, Meador KG, Hall K, Murray KT. 
Antipsychotics and the risk of sudden cardiac death. Arch Gen 
Psychiatry. 2001;58:1161–1167.

	206.	Hennessy S, Bilker WB, Knauss JS, Margolis DJ, Kimmel SE, 
Reynolds RF, Glasser DB, Morrison MF, Strom BL. Cardiac arrest 
and ventricular arrhythmia in patients taking antipsychotic drugs: 
cohort study using administrative data. BMJ. 2002;325:1070.

	207.	Merrill DB, Dec GW, Goff DC. Adverse cardiac effects associated 
with clozapine. J Clin Psychopharmacol. 2005;25:32–41.

	208.	Haas SJ, Hill R, Krum H, Liew D, Tonkin A, Demos L, Stephan K, 
McNeil J. Clozapine-associated myocarditis: a review of 116 cas-
es of suspected myocarditis associated with the use of clozapine 
in Australia during 1993-2003. Drug Saf. 2007;30:47–57.

	209.	Kilian JG, Kerr K, Lawrence C, Celermajer DS. Myocarditis 
and cardiomyopathy associated with clozapine. Lancet. 
1999;354:1841–1845.

	210.	La Grenade L, Graham D, Trontell A. Myocarditis and car-
diomyopathy associated with clozapine use in the United 
States. N Engl J Med. 2001;345:224–225. doi: 10.1056/
NEJM200107193450317.

	211.	Layland JJ, Liew D, Prior DL. Clozapine-induced cardiotoxicity: a 
clinical update. Med J Aust. 2009;190:190–192.

	212.	Annamraju S, Sheitman B, Saik S, Stephenson A. Early recogni-
tion of clozapine-induced myocarditis. J Clin Psychopharmacol. 
2007;27:479–483. doi: 10.1097/jcp.0b013e31814e5e68.

	213.	Feenstra J, Grobbee DE, Remme WJ, Stricker BH. Drug-induced 
heart failure. J Am Coll Cardiol. 1999;33:1152–1162.

	214.	Dalack GW, Roose SP, Glassman AH. Tricyclics and heart failure. 
Am J Psychiatry. 1991;148:1601.

	215.	Howland JS, Poe TE, Keith JF Jr. Cardiomyopathy associated with 
tricyclic antidepressants. South Med J. 1983;76:1455–1456.

	216.	Hamer M, Batty GD, Seldenrijk A, Kivimaki M. Antidepressant 
medication use and future risk of cardiovascular disease: the 
Scottish Health Survey [published correction appears in Eur 
Heart J. 2013;34:3160]. Eur Heart J. 2011;32:437–442. doi: 
10.1093/eurheartj/ehq438.

	217.	Giardina EG, Johnson LL, Vita J, Bigger JT Jr, Brem RF. Effect 
of imipramine and nortriptyline on left ventricular function and 
blood pressure in patients treated for arrhythmias. Am Heart J. 
1985;109(pt 1):992–998.

	218.	Veith RC, Raskind MA, Caldwell JH, Barnes RF, Gumbrecht G, 
Ritchie JL. Cardiovascular effects of tricyclic antidepressants in 
depressed patients with chronic heart disease. N Engl J Med. 
1982;306:954–959. doi: 10.1056/NEJM198204223061603.

	219.	Glassman AH, Johnson LL, Giardina EG, Walsh BT, Roose SP, 
Cooper TB, Bigger JT Jr. The use of imipramine in depressed pa-
tients with congestive heart failure. JAMA. 1983;250:1997–2001.

	220.	Roose SP, Glassman AH, Attia E, Woodring S, Giardina EG, Bigger 
JT Jr. Cardiovascular effects of fluoxetine in depressed patients 
with heart disease. Am J Psychiatry. 1998;155:660–665. doi: 
10.1176/ajp.155.5.660.

	221.	Strik JJ, Honig A, Lousberg R, Cheriex EC, Van Praag HM. 
Cardiac side-effects of two selective serotonin reuptake inhibi-
tors in middle-aged and elderly depressed patients [published 
correction appears in Int Clin Psychopharmacol. 1999;14:138]. 
Int Clin Psychopharmacol. 1998;13:263–267.

	222.	Strik JJ, Honig A, Lousberg R, Lousberg AH, Cheriex EC, 
Tuynman-Qua HG, Kuijpers PM, Wellens HJ, Van Praag HM. 

Efficacy and safety of fluoxetine in the treatment of patients 
with major depression after first myocardial infarction: findings 
from a double-blind, placebo-controlled trial. Psychosom Med. 
2000;62:783–789.

	223.	Glassman AH, O’Connor CM, Califf RM, Swedberg K, Schwartz 
P, Bigger JT Jr, Krishnan KR, van Zyl LT, Swenson JR, Finkel MS, 
Landau C, Shapiro PA, Pepine CJ, Mardekian J, Harrison WM, 
Barton D, Mclvor M; Sertraline Antidepressant Heart Attack 
Randomized Trial (SADHEART) Group. Sertraline treatment of 
major depression in patients with acute MI or unstable angina 
[published correction appears in JAMA. 2002;288:1720]. JAMA. 
2002;288:701–709.

	224.	US Food and Drug Administration. Revised recommendations 
for Celexa (citalopram hydrobromide) related to a potential risk 
of abnormal heart rhythms with high doses. http://www.fda.
gov/drugs/drugsafety/ucm297391.htm. August 24, 2011. 
Accessed June 2, 2016.

	225.	Baseman DG, O’Suilleabhain PE, Reimold SC, Laskar SR, 
Baseman JG, Dewey RB Jr. Pergolide use in Parkinson dis-
ease is associated with cardiac valve regurgitation. Neurology. 
2004;63:301–304.

	226.	Van Camp G, Flamez A, Cosyns B, Weytjens C, Muyldermans 
L, Van Zandijcke M, De Sutter J, Santens P, Decoodt P, 
Moerman C, Schoors D. Treatment of Parkinson’s disease 
with pergolide and relation to restrictive valvular heart dis-
ease. Lancet. 2004;363:1179–1183. doi: 10.1016/
S0140-6736(04)15945-X.

	227.	Waller EA, Kaplan J, Heckman MG. Valvular heart disease in pa-
tients taking pergolide. Mayo Clin Proc. 2005;80:1016–1020. 
doi: 10.4065/80.8.1016.

	228.	Zanettini R, Antonini A, Gatto G, Gentile R, Tesei S, Pezzoli G. 
Valvular heart disease and the use of dopamine agonists for 
Parkinson’s disease. N Engl J Med. 2007;356:39–46. doi: 
10.1056/NEJMoa054830.

	229.	Dewey RB 2nd, Reimold SC, O’Suilleabhain PE. Cardiac valve 
regurgitation with pergolide compared with nonergot agonists 
in Parkinson disease. Arch Neurol. 2007;64:377–380. doi: 
10.1001/archneur.64.3.377.

	230.	Horvath J, Fross RD, Kleiner-Fisman G, Lerch R, Stalder H, 
Liaudat S, Raskoff WJ, Flachsbart KD, Rakowski H, Pache JC, 
Burkhard PR, Lang AE. Severe multivalvular heart disease: a new 
complication of the ergot derivative dopamine agonists. Mov 
Disord. 2004;19:656–662. doi: 10.1002/mds.20201.

	231.	Antonini A, Poewe W. Fibrotic heart-valve reactions to dopa-
mine-agonist treatment in Parkinson’s disease. Lancet Neurol. 
2007;6:826–829. doi: 10.1016/S1474-4422(07)70218-1.

	232.	Corvol JC, Anzouan-Kacou JB, Fauveau E, Bonnet AM, Lebrun-
Vignes B, Girault C, Agid Y, Lechat P, Isnard R, Lacomblez L. 
Heart valve regurgitation, pergolide use, and Parkinson dis-
ease: an observational study and meta-analysis. Arch Neurol. 
2007;64:1721–1726. doi: 10.1001/archneur.64.12.1721.

	233.	Kim JY, Chung EJ, Park SW, Lee WY. Valvular heart disease in 
Parkinson’s disease treated with ergot derivative dopamine 
agonists. Mov Disord. 2006;21:1261–1264. doi: 10.1002/
mds.20931.

	234.	Serratrice J, Disdier P, Habib G, Viallet F, Weiller PJ. Fibrotic 
valvular heart disease subsequent to bromocriptine treat-
ment. Cardiol Rev. 2002;10:334–336. doi: 10.1097/01.
CRD.0000031463.83977.15.

	235.	Tan LC, Ng KK, Au WL, Lee RK, Chan YH, Tan NC. Bromocriptine 
use and the risk of valvular heart disease. Mov Disord. 
2009;24:344–349. doi: 10.1002/mds.22228.

	236.	Renoux C, Dell’Aniello S, Brophy JM, Suissa S. Dopamine agonist 
use and the risk of heart failure. Pharmacoepidemiol Drug Saf. 
2012;1:34–41. doi: 10.1002/pds.2267.

	237.	Mokhles MM, Trifirò G, Dieleman JP, Haag MD, van Soest EM, 
Verhamme KM, Mazzaglia G, Herings R, de Luise C, Ross D, 

D
ow

nloaded from
 http://ahajournals.org by on N

ovem
ber 22, 2022



Drugs That May Cause or Exacerbate Heart Failure
CLINICAL STATEM

ENTS 
AND GUIDELINES

Circulation. 2016;134:e32–e69. DOI: 10.1161/CIR.0000000000000426� August 9, 2016 e67

Brusselle G, Colao A, Haverkamp W, Schade R, van Camp G, 
Zanettini R, Sturkenboom MC. The risk of new onset heart 
failure associated with dopamine agonist use in Parkinson’s 
disease. Pharmacol Res. 2012;65:358–364. doi: 10.1016/j.
phrs.2011.11.009.

	238.	US Food and Drug Administration. FDA Drug Safety Comm
unication: ongoing safety review of Parkinson’s drug Mirapex 
(pramipexole) and possible risk of heart failure. http://www.fda.
gov/Drugs/DrugSafety/ucm319779.htm. September 19, 2012. 
Accessed June 2, 2016.

	239.	Harbin AD, Gerson MC, O’Connell JB. Simulation of acute myo-
pericarditis by constrictive pericardial disease with endomyo-
cardial fibrosis due to methysergide therapy. J Am Coll Cardiol. 
1984;4:196–199.

	240.	Mason JW, Billingham ME, Friedman JP. Methysergide-induced 
heart disease: a case of multivalvular and myocardial fibrosis. 
Circulation. 1977;56:889–890.

	241.	Misch KA. Development of heart valve lesions during methyser-
gide therapy. Br Med J. 1974;2:365–366.

	242.	Redfield MM, Nicholson WJ, Edwards WD, Tajik AJ. Valve disease 
associated with ergot alkaloid use: echocardiographic and patho-
logic correlations. Ann Intern Med. 1992;117:50–52.

	243.	Amabile CM, Spencer AP. Keeping your patient with heart failure 
safe: a review of potentially dangerous medications [published cor-
rection appears in Arch Intern Med. 2004;164:1464]. Arch Intern 
Med. 2004;164:709–720. doi: 10.1001/archinte.164.7.709.

	244.	Dodick D, Lipton RB, Martin V, Papademetriou V, Rosamond 
W, MaassenVanDenBrink A, Loutfi H, Welch KM, Goadsby PJ, 
Hahn S, Hutchinson S, Matchar D, Silberstein S, Smith TR, 
Purdy RA, Saiers J; Triptan Cardiovascular Safety Expert Panel. 
Consensus statement: cardiovascular safety profile of triptans 
(5-HT agonists) in the acute treatment of migraine. Headache. 
2004;44:414–425. doi: 10.1111/j.1526-4610.2004.04078.x.

	245.	Abenhaim L, Moride Y, Brenot F, Rich S, Benichou J, Kurz X, 
Higenbottam T, Oakley C, Wouters E, Aubier M, Simonneau 
G, Bégaud B. Appetite-suppressant drugs and the risk of pri-
mary pulmonary hypertension: International Primary Pulmonary 
Hypertension Study Group. N Engl J Med. 1996;335:609–616. 
doi: 10.1056/NEJM199608293350901.

	246.	Mark EJ, Patalas ED, Chang HT, Evans RJ, Kessler SC. Fatal pul-
monary hypertension associated with short-term use of fenflura-
mine and phentermine [published correction appears in N Engl J 
Med. 1997;337:1483]. N Engl J Med. 1997;337:602–606.

	247.	Sachdev M, Miller WC, Ryan T, Jollis JG. Effect of fenfluramine-
derivative diet pills on cardiac valves: a meta-analysis of ob-
servational studies. Am Heart J. 2002;144:1065–1073. doi: 
10.1067/mhj.2002.126733.

	248.	Bonow RO, Carabello BA, Chatterjee K, de Leon AC Jr, Faxon 
DP, Freed MD, Gaasch WH, Lytle BW, Nishimura RA, O’Gara PT, 
O’Rourke RA, Otto CM, Shah PM, Shanewise JS. 2008 Focused 
update incorporated into the ACC/AHA 2006 guidelines for the 
management of patients with valvular heart disease: a report of 
the American College of Cardiology/American Heart Association 
Task Force on Practice Guidelines (Writing Committee to Revise 
the 1998 Guidelines for the Management of Patients With 
Valvular Heart Disease. Circulation. 2008;118:e523–e661. doi: 
10.1161/CIRCULATIONAHA.108.190748.

	249.	James WP, Caterson ID, Coutinho W, Finer N, Van Gaal LF, 
Maggioni AP, Torp-Pedersen C, Sharma AM, Shepherd GM, Rode 
RA, Renz CL; SCOUT Investigators. Effect of sibutramine on car-
diovascular outcomes in overweight and obese subjects. N Engl 
J Med. 2010;363:905–917. doi: 10.1056/NEJMoa1003114.

	250.	Charlson M, Peterson J, Szatrowski TP, MacKenzie R, Gold J. 
Long-term prognosis after peri-operative cardiac complications. 
J Clin Epidemiol. 1994;47:1389–1400.

	251.	Demers RG, Heninger GR. Electrocardiographic T-wave changes 
during lithium carbonate treatment. JAMA. 1971;218:381–386.

	252.	Mitchell JE, Mackenzie TB. Cardiac effects of lithium therapy in 
man: a review. J Clin Psychiatry. 1982;43:47–51.

	253.	Montalescot G, Levy Y, Hatt PY. Serious sinus node dysfunc-
tion caused by therapeutic doses of lithium. Int J Cardiol. 
1984;5:94–96.

	254.	Palileo EV, Coelho A, Westveer D, Dhingra R, Rosen KM. 
Persistent sinus node dysfunction secondary to lithium therapy. 
Am Heart J. 1983;106:1443–1444.

	255.	Talati SN, Aslam AF, Vasavada B. Sinus node dysfunction in as-
sociation with chronic lithium therapy: a case report and review 
of literature. Am J Ther. 2009;16:274–278. doi: 10.1097/
MJT.0b013e3181822564.

	256.	Tseng HL. Interstitial myocarditis probably related to lithium car-
bonate intoxication. Arch Pathol. 1971;92:444–448.

	257.	Aichhorn W, Huber R, Stuppaeck C, Whitworth AB. Cardiomyopathy 
after long-term treatment with lithium: more than a coinci-
dence? J Psychopharmacol. 2006;20:589–591. doi: 10.1177/ 
0269881106059696.

	258.	Stancer HC, Kivi R. Lithium carbonate and oedema. Lancet. 
1971;2:985.

	259.	Brazier DJ, Smith SE. Ocular and cardiovascular response to 
topical carteolol 2% and timolol 0.5% in healthy volunteers. Br J 
Ophthalmol. 1988;72:101–103.

	260.	Smith SE, Smith SA, Reynolds F, Whitmarsh VB. Ocular and 
cardiovascular effects of local and systemic pindolol. Br J 
Ophthalmol. 1979;63:63–66.

	261.	Zimmerman TJ. Topical ophthalmic beta blockers: a comparative 
review. J Ocul Pharmacol. 1993;9:373–384.

	262.	Everitt DE, Avorn J. Systemic effects of medications used to 
treat glaucoma. Ann Intern Med. 1990;112:120–125.

	263.	Munroe WP, Rindone JP, Kershner RM. Systemic side effects as-
sociated with the ophthalmic administration of timolol. Drug Intell 
Clin Pharm. 1985;19:85–89.

	264.	Shiuey Y, Eisenberg MJ. Cardiovascular effects of commonly 
used ophthalmic medications. Clin Cardiol. 1996;19:5–8.

	265.	Coughlin SS, Metayer C, McCarthy EP, Mather FJ, Waldhorn 
RE, Gersh BJ, DuPraw S, Baughman KL. Respiratory illness, 
beta-agonists, and risk of idiopathic dilated cardiomyopathy: the 
Washington, DC, Dilated Cardiomyopathy Study. Am J Epidemiol. 
1995;142:395–403.

	266.	Au DH, Udris EM, Curtis JR, McDonell MB, Fihn SD; ACQUIP 
Investigators. Association between chronic heart failure and in-
haled beta-2-adrenoceptor agonists. Am Heart J. 2004;148:915–
920. doi: 10.1016/j.ahj.2004.03.048.

	267.	Bouvy ML, Heerdink ER, De Bruin ML, Herings RM, Leufkens HG, 
Hoes AW. Use of sympathomimetic drugs leads to increased 
risk of hospitalization for arrhythmias in patients with congestive 
heart failure. Arch Intern Med. 2000;160:2477–2480.

	268.	Cazzola M, Matera MG, Donner CF. Inhaled beta2-adrenoceptor 
agonists: cardiovascular safety in patients with obstructive lung 
disease. Drugs. 2005;65:1595–1610.

	269.	Califf RM, Adams KF, McKenna WJ, Gheorghiade M, Uretsky 
BF, McNulty SE, Darius H, Schulman K, Zannad F, Handberg-
Thurmond E, Harrell FE Jr, Wheeler W, Soler-Soler J, Swedberg 
K. A randomized controlled trial of epoprostenol therapy for se-
vere congestive heart failure: the Flolan International Randomized 
Survival Trial (FIRST). Am Heart J. 1997;134:44–54.

	270.	US Food and Drug Administration. FDA Cardiovascular and Renal 
Drugs Advisory Committee. Briefing document concerning tra-
cleer (boesentan). http://www.fda.gov/ohrms/dockets/ac/01/
briefing/3775b2_09_Tracleer%20Briefing%20Book(red).pdf. 
August 10, 2001. Accessed June 1, 2016.

	271.	Mylona P, Cleland JG. Update of REACH-1 and MERIT-HF clinical 
trials in heart failure: Cardio.net Editorial Team. Eur J Heart Fail. 
1999;1:197–200.

	272.	Packer M, McMurray J, Massie BM, Caspi A, Charlon V, Cohen-
Solal A, Kiowski W, Kostuk W, Krum H, Levine B, Rizzon P, Soler 

D
ow

nloaded from
 http://ahajournals.org by on N

ovem
ber 22, 2022



Page et al

August 9, 2016� Circulation. 2016;134:e32–e69. DOI: 10.1161/CIR.0000000000000426e68

J, Swedberg K, Anderson S, Demets DL. Clinical effects of en-
dothelin receptor antagonism with bosentan in patients with se-
vere chronic heart failure: results of a pilot study. J Card Fail. 
2005;11:12–20.

	273.	Kalra PR, Moon JC, Coats AJ. Do results of the ENABLE 
(Endothelin Antagonist Bosentan for Lowering Cardiac Events 
in Heart Failure) study spell the end for non-selective endothelin 
antagonism in heart failure? Int J Cardiol. 2002;85:195–197.

	274.	Mann DL, McMurray JJ, Packer M, Swedberg K, Borer JS, Colucci WS, 
Djian J, Drexler H, Feldman A, Kober L, Krum H, Liu P, Nieminen M, 
Tavazzi L, van Veldhuisen DJ, Waldenstrom A, Warren M, Westheim 
A, Zannad F, Fleming T. Targeted anticytokine therapy in patients 
with chronic heart failure: results of the Randomized Etanercept 
Worldwide Evaluation (RENEWAL). Circulation. 2004;109:1594–
1602. doi: 10.1161/01.CIR.0000124490.27666.B2.

	275.	Chung ES, Packer M, Lo KH, Fasanmade AA, Willerson JT; Anti-
TNF Therapy Against Congestive Heart Failure Investigators. 
Randomized, double-blind, placebo-controlled, pilot trial of inflix-
imab, a chimeric monoclonal antibody to tumor necrosis factor-
alpha, in patients with moderate-to-severe heart failure: results of 
the Anti-TNF Therapy Against Congestive Heart Failure (ATTACH) 
trial. Circulation. 2003;107:3133–3140. doi: 10.1161/01.
CIR.0000077913.60364.D2.

	276.	Jain A, Singh JA. Harms of TNF inhibitors in rheumatic diseases: 
a focused review of the literature. Immunotherapy. 2013;5:265–
299. doi: 10.2217/imt.13.10.

	277.	Singh JA, Saag KG, Bridges SL Jr, Akl EA, Bannuru RR, Sullivan 
MC, Vaysbrot E, McNaughton C, Osani M, Shmerling RH, Curtis 
JR, Furst DE, Parks D, Kavanaugh A, O'Dell J, King C, Leong A, 
Matteson EL, Schousboe JT, Drevlow B, Ginsberg S, Grober J, 
St Clair EW, Tindall E, Miller AS, McAlindon T. 2015 American 
College of Rheumatology guideline for the treatment of rheuma-
toid arthritis. Arthritis Rheumatol. 2016;68:1–26. doi: 10.1002/
art.39480.

	278.	Joyce E, Fabre A, Mahon N. Hydroxychloroquine cardiotoxicity pre-
senting as a rapidly evolving biventricular cardiomyopathy: key diag-
nostic features and literature review. Eur Heart J Acute Cardiovasc 
Care. 2013;2:77–83. doi: 10.1177/2048872612471215.

	279.	Tönnesmann E, Kandolf R, Lewalter T. Chloroquine cardiomyopa-
thy: a review of the literature. Immunopharmacol Immunotoxicol. 
2013;35:434–442. doi: 10.3109/08923973.2013.780078.

	280.	Tönnesmann E, Stroehmann I, Kandolf R, Wolburg H, Strach K, 
Musshoff F, Tiemann K, Lewalter T. Cardiomyopathy caused by 
longterm treatment with chloroquine: a rare disease, or a rare 
diagnosis? J Rheumatol. 2012;39:1099–1103. doi: 10.3899/
jrheum.110959.

	281.	Dhaliwal AS, Habib G, Deswal A, Verduzco M, Souchek J, 
Ramasubbu K, Aguilar D, Ma TS, Jneid HM, Bolos M, Bozkurt 
B. Impact of alpha 1-adrenergic antagonist use for benign 
prostatic hypertrophy on outcomes in patients with heart 
failure. Am J Cardiol. 2009;104:270–275. doi: 10.1016/j.
amjcard.2009.03.030.

	282.	Schwarz ER, Rastogi S, Kapur V, Sulemanjee N, Rodriguez JJ. 
Erectile dysfunction in heart failure patients. J Am Coll Cardiol. 
2006;48:1111–1119. doi: 10.1016/j.jacc.2006.05.052.

	283.	Drew BJ, Ackerman MJ, Funk M, Gibler WB, Kligfield P, Menon V, 
Philippides GJ, Roden DM, Zareba W; on behalf of the American 
Heart Association Acute Cardiac Care Committee of the Council 
on Clinical Cardiology, the Council on Cardiovascular Nursing, 
and the American College of Cardiology Foundation. Prevention 
of torsade de pointes in hospital settings: a scientific state-
ment from the American Heart Association and the American 
College of Cardiology Foundation [published correction appears 
in Circulation. 2010;122:e440]. Circulation. 2010;121:1047–
1060. doi: 10.1161/CIRCULATIONAHA.109.192704.

	284.	Roden DM. Drug-induced prolongation of the QT interval. N Engl 
J Med. 2004;350:1013–1022. doi: 10.1056/NEJMra032426.

	285.	Woosley RL, Romero KA. QTdrugs List, AZCERT, Inc. 1822 Innovation 
Park Dr, Oro Valley, AZ 85755. http://www.Crediblemeds.org. 
Accessed April 3, 2016.

	286.	Tafreshi J, Hoang TM, Grigorian T, Pai AD, Tafreshi AR, Pai RG. 
Impact of iatrogenic, excessive, nondietary sodium administra-
tion in patients with acute heart failure exacerbation on hospi-
tal length of stay. Pharmacotherapy. 2011;31:58–61. doi: 
10.1592/phco.31.1.58.

	287.	Binosto oral effervescent tablets [package insert]. San Antonio, 
TX: Mission Pharmaceuticals; 2013.

	288.	Unasyn injection [package insert]. New York, NY: Pfizer; 2007.
	289.	Azithromycin [package insert]. Schaumburg, IL: Sagent Pharma

ceuticals;  2010.
	290.	EES granules [package insert]. Atlanta, GA: Arbor Pharma

ceuticals;  2013.
	291.	EES 400 mg [package insert]. Atlanta, GA: Arbor Pharmaceuticals;  

2013.
	292.	Metronidazole injection [package insert]. Lake Forest, IL: Hospira;  

2008.
	293.	Nafcillin for injection [package insert]. Schaumburg, IL: Sagent 

Pharmaceuticals; 2012.
	294.	Zegrid [package insert]. Whitby, ON, Canada: Santarus; 2012.
	295.	Oxacillin for injection [package insert]. Schaumburg, IL: Sagent 

Pharmaceuticals; 2013.
	296.	Zosyn [package insert]. Philadelphia, PA: Wyeth Pharmaceuticals; 

2012.
	297.	Colyte, Golytely [package insert]. Marietta, GA: Alaven Pharma

ceuticals; 2013.
	298.	Zantac, ranitidine hydrochloride, injection [package insert]. 

Research Triangle Park, NC: GlaxoSmithKline; April 2008.
	299.	Fleet enema [package insert]. Lynchburg, VA: CB Fleet Co; 

January 2012.
	300.	Sodium polystyrene sulfonate suspension [package insert]. 

Farmville, NC: Carolina Medical Products Co; March 2011.
	301.	Timentin, ticarcillin disodium and clavulanate potassium injection 

[package insert]. Research Triangle Park, NC: GlaxoSmithKline; 
2008.

	302.	National Council on Patient Information and Education. Attitudes 
and beliefs about the use of over-the-counter medicines: a dose 
of reality. http://www.bemedwise.org/survey/final_survey.pdf. 
January 2002. Accessed June 2, 2016.

	303.	Truven Health Analytics, Inc. Pseudoephedrine, Drugdex, 
Micromedex 2.0. http://www.micromedexsolutions.com. April 
20, 2016. Accessed June 2, 2016.

	304.	Truven Health Analytics, Inc. Phenylephrine, Drugdex, Micromedex 
2.0. http://www.micromedexsolutions.com. Accessed August 
13, 2014.

	305.	Pepto-Bismol LiquidTM, bismuth subsalicylate [package insert]. 
Cincinnati, OH: Procter and Gamble; 2014.

	306.	Corboz MR, Rivelli MA, Mingo GG, McLeod RL, Varty L, Jia Y, 
Hey JA. Mechanism of decongestant activity of alpha 2-adreno-
ceptor agonists. Pulm Pharmacol Ther. 2008;21:449–454. doi: 
10.1016/j.pupt.2007.06.007.

	307.	Fukushima H, Norimoto K, Seki T, Nishiguchi T, Nakamura T, 
Konobu T, Nishio K, Okuchi K. Acute pulmonary edema associat-
ed with naphazoline ingestion. Clin Toxicol (Phila). 2008;46:254–
256. doi: 10.1080/15563650701438441.

	308.	Cantu C, Arauz A, Murillo-Bonilla LM, López M, Barinagarrementeria 
F. Stroke associated with sympathomimetics contained in over-
the-counter cough and cold drugs. Stroke. 2003;34:1667–
1672. doi: 10.1161/01.STR.0000075293.45936.FA.

	309.	Glazener F, Blake K, Gradman M. Bradycardia, hypotension, 
and near-syncope associated with Afrin (oxymetazoline) na-
sal spray. N Engl J Med. 1983;309:731. doi: 10.1056/
NEJM198309223091213.

	310.	Primatine tabletsTM, ephedrine HCL [package insert]. New York, 
NY: Pfizer; 2013.

D
ow

nloaded from
 http://ahajournals.org by on N

ovem
ber 22, 2022



Drugs That May Cause or Exacerbate Heart Failure
CLINICAL STATEM

ENTS 
AND GUIDELINES

Circulation. 2016;134:e32–e69. DOI: 10.1161/CIR.0000000000000426� August 9, 2016 e69

	311.	BronkaidTM, ephedrine HCL [package insert]. Whippany, NJ: Bayer 
Pharmaceuticals; 2014.

	312.	AsthmanefrinTM, racepinephrine inhaled [package insert]. Orlando, 
FL: Nephron Pharmaceuticals Corp; 2014.

	313.	US Food and Drug Administration. Safety concerns with asthman-
efrin and the EZ breathe atomizer. http://www.fda.gov/drugs/
drugsafety/ucm370483.htm. September 30, 2013. Accessed 
June 1, 2016.

	314.	Nyquil LiquidTM [package insert]. Cincinnati, OH: Procter and 
Gamble; 2014.

	315.	Dayquil LiquidTM [package insert]. Cincinnati, OH: Procter and 
Gamble; 2014.

	316.	Gaviscon LiquidTM [package insert]. Philadelphia, PA: GlaxoSmith 
Kline; 2014.

	317.	Tachjian A, Maria V, Jahangir A. Use of herbal products and 
potential interactions in patients with cardiovascular diseas-
es. J Am Coll Cardiol. 2010;55:515–525. doi: 10.1016/j.
jacc.2009.07.074.

	318.	Barnes PM, Bloom B, Nahin RL. Complementary and alternative 
medicine use among adults and children: United States, 2007. 
Natl Health Stat Report. 2008:1–23.

	319.	Heart Failure Society of America; Lindenfeld J, Albert NM, 
Boehmer JP, Collins SP, Ezekowitz JA, Givertz MM, Katz SD, 
Klapholz M, Moser DK, Rogers JG, Starling RC, Stevenson 
WG, Tang WH, Teerlink JR, Walsh MN. HFSA 2010 com-
prehensive heart failure practice guideline. J Card Fail. 
2010;16:e1–e194.

	320.	Therapeutic Research Faculty. Natural Medicines Comprehensive 
Database Web site. http://naturaldatabase.therapeuticresearch.
com/. May 27, 2015. Accessed June 2, 2016.

	321.	Lonn E, Bosch J, Yusuf S, Sheridan P, Pogue J, Arnold JM, Ross 
C, Arnold A, Sleight P, Probstfield J, Dagenais GR; HOPE and 
HOPE-TOO Trial Investigators. Effects of long-term vitamin E sup-
plementation on cardiovascular events and cancer: a randomized 
controlled trial. JAMA. 2005;293:1338–1347. doi: 10.1001/
jama.293.11.1338.

	322.	Marchioli R, Levantesi G, Macchia A, Marfisi RM, Nicolosi 
GL, Tavazzi L, Tognoni G, Valagussa F; GISSI-Prevenzione 
Investigators. Vitamin E increases the risk of developing heart 
failure after myocardial infarction: results from the GISSI-
Prevenzione trial. J Cardiovasc Med (Hagerstown). 2006;7:347–
350. doi: 10.2459/01.JCM.0000223257.09062.17.

	323.	Milfred-Laforest SK, Chow SL, Didomenico RJ, Dracup K, Ensor 
CR, Gattis-Stough W, Heywood JT, Lindenfeld J, Page RL 2nd, 
Patterson JH, Vardeny O, Massie BM. Clinical pharmacy services 
in heart failure: an opinion paper from the Heart Failure Society of 
America and American College of Clinical Pharmacy Cardiology 
Practice and Research Network. J Card Fail. 2013;19:354–369. 
doi: 10.1016/j.cardfail.2013.02.002.

	324.	McDonald MV, Peng TR, Sridharan S, Foust JB, Kogan P, Pezzin 
LE, Feldman PH. Automating the medication regimen complexity in-
dex. J Am Med Inform Assoc. 2013;20:499–505. doi: 10.1136/
amiajnl-2012-001272.

	325.	Libby AM, Fish DN, Hosokawa PW, Linnebur SA, Metz KR, Nair 
KV, Saseen JJ, Vande Griend JP, Vu SP, Hirsch JD. Patient-level 
medication regimen complexity across populations with chronic 
disease. Clin Ther. 2013;35:385–398.e1. doi: 10.1016/j.
clinthera.2013.02.019.

	326.	Riegel B, Moser DK, Anker SD, Appel LJ, Dunbar SB, Grady KL, 
Gurvitz MZ, Havranek EP, Lee CS, Lindenfeld J, Peterson PN, 
Pressler SJ, Schocken DD, Whellan DJ; on behalf of the American 
Heart Association Council on Cardiovascular Nursing, Council 
on Clinical Cardiology, Council on Nutrition, Physical Activity, 
and Metabolism, Interdisciplinary Council on Quality of Care 
and Outcomes Research. State of the science: promoting self-
care in persons with heart failure: a scientific statement from 
the American Heart Association. Circulation. 2009;120:1141–
1163. doi: 10.1161/CIRCULATIONAHA.109.192628.

	327.	Schiff GD, Galanter WL, Duhig J, Lodolce AE, Koronkowski MJ, 
Lambert BL. Principles of conservative prescribing. Arch Intern Med. 
2011;171:1433–1440. doi: 10.1001/archinternmed.2011.256.

	328.	Kaur S, Mitchell G, Vitetta L, Roberts MS. Interventions that 
can reduce inappropriate prescribing in the elderly: a sys-
tematic review. Drugs Aging. 2009;26:1013–1028. doi: 
10.2165/11318890-000000000-00000.

	329.	Page RL 2nd, Linnebur SA, Bryant LL, Ruscin JM. Inappropriate 
prescribing in the hospitalized elderly patient: defining the prob-
lem, evaluation tools, and possible solutions. Clin Interv Aging. 
2010;5:75–87.

	330.	Grady KL, Dracup K, Kennedy G, Moser DK, Piano M, Stevenson 
LW, Young JB. Team management of patients with heart failure: a 
statement for healthcare professionals from the Cardiovascular 
Nursing Council of the American Heart Association. Circulation. 
2000;102:2443–2456.

D
ow

nloaded from
 http://ahajournals.org by on N

ovem
ber 22, 2022




