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Qué representa?

sympathetic nervous activity, and affected by
several cardiac and noncardiac drugs and disease
conditions, and by gene mutations determining
distinct channellopathies.3–5

Even in normal conditions, ventricular repolari-
zation is more heterogeneous than ventricular de-
polarization. The presence of progressive shorter
repolarization in areas of later activation tends to
synchronize ventricular repolarization, and it may
be an important physiologic mechanism in the pre-
vention of arrhythmias. Perturbations of ventricular
depolarization and repolarization (due to ischemia,
bundle branch block, preexcitation, extrasystolic
beats, drugs, or genetic abnormalities of cardiac
ion channels) can alter the J and particularly T
wave configuration and prolong QT interval dura-
tion, favoring the arrhythmogenesis.6,7

There has been great interest in prolongation of
ventricular repolarization in relation to the genesis
of life-threatening ventricular arrhythmias, both in
acquired and in congenital conditions, character-
ized by prolonged QT interval, abnormal T-wave
configuration, and increased dispersion of QT
interval duration, generally defined as “long QT
syndromes” (LQTS).7–10

In more recent years, there has been major
focus on abnormalities of the early phase of ven-
tricular repolarization, defined as “J-wave syn-
dromes,” among which the best known is the
“Brugada syndrome” (BrS).10–12

The most recently recognized disorder of ven-
tricular repolarization associated with ventricular
tachyarrhythmias, syncope, and sudden death is
the “short QT syndrome” (SQTS), a rare genetically

inherited cardiac channelopathy on the samespec-
trum as other familial arrhythmogenic diseases.13

ELECTROPHYSIOLOGICAL BASIS OF NORMAL
VENTRICULAR REPOLARIZATION

The QT interval, measured from the onset of the Q
wave to the end of the T wave, reflects the total
duration of the ventricular electrical systole. The
QT interval includes the ventricular depolarization
time (reflected by the QRS duration), and the repo-
larization time (reflected by the JT interval and the
T wave). Several attempts have been made to
correlate the QT interval waveforms recorded on
surface ECG with the action potentials originating
from different cardiac sites.1–3,14,15

Ionic Currents Determining the Cardiac Action
Potential

The most distinctive feature of cardiac action po-
tential is the plateau phase. The plateau is crucial
to determine the strength and duration of myocar-
dium contraction, to set the proper relationship
between systolic contraction and diastolic filling
times, and to provide a cardio-protective window
in which reexcitation cannot occur. Ventricular ac-
tion potentials have, with respect to the atrium, a
relatively stable and longer plateau phase and a
domelike shape. The action potential shape varies
in different parts of the ventricle and throughout
the ventricular wall. Furthermore, the shape varies
over time depending on heart rate, as a fast heart
rate speeds up repolarization. The different car-
diac ion channels play well-defined roles in
shaping the action potential. During the normal
cardiac cycle, inward movement of positive ions
(mainly sodium and calcium currents) induces
cell depolarization cells, whereas outward flow of
positive charges (mainly potassium currents) in-
duces repolarization (see Fig. 1). The stability of
cardiac electrical activity, and mainly the plateau
phase, is secured by some degree of redundancy
in combination with the tight voltage-gated depen-
dence regulation of ion channels. The various po-
tassium channels involved in repolarization of the
action potential represent a good example of
such redundancy, and this phenomenon has
been described as the “repolarization reserve.”3–5

The cardiac action potential is divided into 5
distinct phases (phases 0–4), with different cur-
rents active in each phase.

Phase 0
The abrupt shift in membrane potential in a posi-
tive direction (depolarization) that initiates the sys-
tolic period, is driven by influx of Na1 (Ina), through

Fig. 1. Cardiac ionic currents and respective ion chan-
nels clones responsible for the generation of the ac-
tion potential. Inward currents (positive charges
moving into the cells) are displayed as downward
and drawn in red, outward currents (positive charges
moving out of the cells) as upward in blue (the ampli-
tudes are not in scale).
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 It lasted several decennia until the genetic underpinning 
of the Jervell-Lange-Nielsen syndrome (Long QT syndrome 
with deafness) and Romano-Ward syndrome (Long QT syn-
drome without deafness) was finally uncovered [13, 14]. At 
present, we are familiar with potentially disease causing se-
quence variations in 13 genes and a similar number of  
(sub-)types of Long QT syndrome. Moreover, it was not 
until 2000 before the first descriptions of the mirror image 
syndrome emerged; Short QT syndrome [15]. Also this en-
tity is related to familial sudden death due to ventricular fib-
rillation and at present 3 genetic types are known [16-19].  

 Currently, cognizant of the possible dramatic effects of a 
prolonged QT interval the FDA even recommends to test all 
new drugs for their ability to prolong the QT interval [20].  

QT AND CARDIAC REPOLARIZATION 

 After this summary of the history of the QT interval and 
its directly associated pathology, we will now discuss its 
underlying pathophysiological mechanisms. The QT interval 
is a measure of the combination of cardiac depolarization 

and repolarization as it encompasses both the QRS complex 
and the J-T interval. Likewise, also ventricular conduction 
delay is often associated with (a lesser degree of) lengthen-
ing of the QT-interval. Cardiac depolarization is dependent 
of fast inward sodium current (INa) through the cardiac so-
dium channels of which the α-subunit is encoded by the 
SCN5A gene (Fig. 2). Cardiac repolarization is determined 
by the interplay between (and among others) persisting in-
ward sodium current (INa), slow inward calcium current (ICa-

L) and outward potassium currents (Ito, IKr, IKs, IK1). CACNA1c 
encodes the α-subunit of the calcium channel, while the four 
different potassium channel α -subunits are encoded by the 
KCND3, KCNH2, KCNQ1 and KCNJ2 gene respectively.  

 When these channels are subject to a gain-of-function or 
a loss-of-function (e.g. due to drugs, mutations or a change 
in electrolyte levels), this will be mirrored in current density, 
subsequent modulation of the cardiac action potential and 
finally in changes in the duration of the QRS complex and/or 
the QT-interval. For example, a loss-of-function mutation in 
the KCNH2 gene will result in less repolarizing IKr and sub-
sequent delay of repolarization and will thus result in a 

 

Fig. (2). Schematic representation of the ionic currents contributing to the action potential; A. the electrocardiogram (ECG) and the P-QRS-T 
segments in time aligned with B; B. the ventricular action potential and the ionic currents originating from C; C. the cardiomyocyte display-
ing only those cardiac ion currents as mentioned in the text.  
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Qué lo modifica?
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Qué es normal?

but tends to overcorrect at high heart rates and under-corrects in patients with
bradycardia. The Fridericia correction uses the cube root of the RR interval

QTcF ¼ QTffiffiffiffiffiffiffiffi
RR3

p

and offers somewhat less of a correction for heart rates diverging from 60 beats
per minute.

The Bazett’s formula, although being the most commonly used in clinical
practice, has been shown to have the poorest correlation with heart rate
variability [12]. Studies have shown the Fridericia formula to be more ac-
curate than the Bazett’s correction and has been suggested for clinical eval-
uation of nonantiarrhythmic drugs by FDA guidelines. Although variations
still exist, Fridericia’s correction has become an evolving standard in the
development of recent oncologic treatments [13•].

Perhaps the most basic yet most elusive problem is the definition of a
normal threshold for QTc (Table 2). Large population studies of healthy
volunteers have shown a normal Gaussian distribution patterns with
ranges between 350 and 460 ms. The upper limits were defined as those
above the 99th percentile [14–16]. In noncancer population studies, QTc
intervals greater than 470 in men and 480 in women are generally
considered to be prolonged. QTc intervals 9500 or 960 ms above base-
line have also been associated with an increased risk of TdP [4••]. These
population studies have been helpful in identifying general distributions
but have had limitations in the calculations (mostly automated systems),
and their use of heart rate correction (mostly Bazett’s formula).
Furthermore, there have been suggestions that QT ranges in cancer pa-
tients are different compared with normal populations. A small retro-
spective study of cancer patients found that 15% of these patients had
baseline QT prolongation [17]. However, as to date no large population
studies have confirmed such differences.

Implications regarding cancer therapy

A number of anticancer agents have either known QT prolongation, or
because of their structure or classification, are candidates for heightened
scrutiny for possible QT prolongation, TdP, or sudden death. In some
instances, clinical trials identified possible QT prolongation, resulting in

Table 2. QTc reference ranges for adult males and females [4••]

Adult males (ms) Adult females (ms)
Normal G430 G450
Borderline 430-470 451-480
Prolonged 9470 9480
Highly abnormal 9500 9500

Curr Treat Options Cardio Med (2014) 16:303 Page 7 of 13, 303
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Por qué medir el QTc?
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más tarde presentó taquicardia ventricular polimórfica
(Figura 3) y fibrilación ventricular que requirió nuevamen-
te desfibrilación con 200 J.

Después sufrió un nuevo episodio de taquicardia
ventricular polimórfica con retorno espontáneo a ritmo
sinusal. Fue remitida para manejo en la unidad de
cuidado intensivo y evaluación por Electrofisiología

En el electrocardiograma de ingreso se encontró QTc
prolongado de 510 ms, con complejos ventriculares
prematuros frecuentes. Se descartó la presencia de alte-
ración electrolítica y el uso de medicamentos que prolon-
garan el QTc. Se decidió implantar un marcapasos
transitorio para sobrestimulación y se inició propranolol
a dosis máximas según su tensión arterial y frecuencia
cardiaca.

Caso uno
Paciente de género femenino, de 21 años de edad,

con embarazo de 34 semanas, que consulta a segundo
nivel por ruptura prematura de membranas. Fue remitida
después de cesárea por cuadro de edema generalizado,
disfunción renal y edema agudo de pulmón que se
resolvieron con manejo médico. Luego presentó un episo-
dio de muerte súbita, con evidencia de taquicardia ventricular
que requirió desfibrilación con 360 J y posterior retorno a
ritmo sinusal, donde se observó QT de 680 ms (Figura 1).
Requirió intubación orotraqueal, ventilación mecánica y
manejo con hipotermia post-paro. Dos días después tuvo
episodios de bigeminismo con fenómeno de R sobre T
(Figura 2) que desencadenaron taquicardia ventricular
no sostenida. Se inició manejo con amiodarona pero
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Background-—The cardiovascular complications of cancer therapeutics are the focus of the burgeoning field of cardio-oncology. A
common challenge in this field is the impact of cancer drugs on cardiac repolarization (ie, QT prolongation) and the potential risk
for the life-threatening arrhythmia torsades de pointes. Although QT prolongation is not a perfect marker of arrhythmia risk, this
has become a primary safety metric among oncologists. Cardiologists caring for patients receiving cancer treatment should
become familiar with the drugs associated with QT prolongation, its incidence, and appropriate management strategies to provide
meaningful consultation in this complex clinical scenario.

Methods and Results-—In this article, we performed a systematic review (using Preferred Reporting Items of Systematic Reviews
and Meta-Analyses (PRISMA) guidelines) of commonly used cancer drugs to determine the incidence of QT prolongation and
clinically relevant arrhythmias. We calculated summary estimates of the incidence of all and clinically relevant QT prolongation as
well as arrhythmias and sudden cardiac death. We then describe strategies to prevent, identify, and manage QT prolongation in
patients receiving cancer therapy. We identified a total of 173 relevant publications. The weighted incidence of any corrected QT
(QTc) prolongation in our systematic review in patients treated with conventional therapies (eg, anthracyclines) ranged from 0% to
22%, although QTc >500 ms, arrhythmias, or sudden cardiac death was extremely rare. The risk of QTc prolongation with targeted
therapies (eg, small molecular tyrosine kinase inhibitors) ranged between 0% and 22.7% with severe prolongation (QTc >500 ms)
reported in 0% to 5.2% of the patients. Arrhythmias and sudden cardiac death were rare.

Conclusions-—Our systematic review demonstrates that there is variability in the incidence of QTc prolongation of various cancer
drugs; however, the clinical consequence, as defined by arrhythmias or sudden cardiac death, remains rare. ( J Am Heart Assoc.
2017;6:e007724. DOI: 10.1161/JAHA.117.007724.)
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T he advances in treatment of cancer have led to
significant improvement in cancer-related mortality.1

Although many of the conventional drugs, such as the
anthracyclines, continue to be used widely, there are many
efficacious targeted therapies that are introduced into the
market. An important off-target effect of some of these drugs
includes abnormalities in cardiac repolarization resulting in QT
prolongation. QT prolongation has been linked to an increased
risk of life-threatening ventricular arrhythmia and reports of

sudden cardiac death (SCD).2 Therefore, the management of
the effects of cancer therapeutics on cardiac repolarization
necessitates collaboration between oncologists and cardiol-
ogists. This systematic review of the literature of conventional
and targeted anticancer therapies is intended to help the
clinicians do the following: (1) appreciate the QT prolongation
and arrhythmia potential of the many commonly used cancer
drugs; (2) recognize the need for careful evaluation of the QT
changes, especially in the context of other underlying ECG or
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no QTc prolongation–related arrhythmias have been docu-
mented.5

Alkylating and alkylating-like agents and purine analogs

Cyclophosphamide is a widely used agent with no clearly
demonstrated arrhythmogenicity. Average QTc prolongation

of 20 ms after high-dose cyclophosphamide added to other
drugs before autologous bone marrow transplantation has
been reported in a small study of patients with non-Hodgkin
lymphoma.151 However, no arrhythmias were seen. Incidence
of QTc prolongation with cisplatin, carboplatin, or oxaliplatin
has not been reported. Effects of fludarabine were reported to
be null in a series of patients.6

Antimicrotubule agents

Paclitaxel is used in many malignancies, including breast,
lung, and ovarian cancer. Despite a consistent bradycardic
effect and orthostatic hypotension in taxane-treated patients,
only mild and infrequent QTc prolongation has been
reported.7,8,152

Targeted Cancer Therapies

Small-molecule tyrosine kinase inhibitors

Small-molecule tyrosine kinase inhibitors (TKIs) are used in
the treatment of hematological malignancies and solid
tumors, such as renal cell carcinoma and gastrointestinal
tumors. The effects of TKIs on QTc are different between
agents. QTc prolongation was frequent (>5% of patients
experiencing CTCAE scale grade I QTc prolongation) in
patients treated with dasatinib, vandetanib, sorafenib, or
sunitinib. Dasatinib is used to treat hematological malignan-
cies and has been associated with QTc prolongation in 8% of
treated patients (range, 1%–70%), but QTc >500 ms was seen
only in <1%.13, 18, 20–22, 25, 32, 40, 42, 75

Vandetanib is used to treat symptomatic or progressive
medullary thyroid cancer and has a dose-dependent effect on
QTc prolongation,46 affecting 15% to 20% of patients.153

Reduction of dose reverses QTc prolongation.52 A meta-
analysis of 9 randomized trials with 4813 patients estimated a
risk ratio for QTc prolongation versus control of 7.90 (95%
confidence interval, 4.03–15.50).154 In our review, the
weighted incidence of any vandetanib-related QTc prolongation
was 8.6%, with QTc >500 ms in 2.6%.43–70, 155–157 Because of
its long half-life (19 days), special care is needed when
monitoring patients with QTc prolongation. Because of its
clinical efficacy, vandetanib was approved by the Food andDrug

Table 1. Continued

Drug Type Drug No. of Studies
Total
No.

Range of
Patients With
QTc Increase, %*

Weighted Average of
Patients With QTc
Increase, %*

Weighted Average of
Patients With QTc
>500 ms, %

Arrhythmia/
SCD, No.

B-Raf inhibitor119,120 Vemurafenib 2 3597 0–6.5 2.2 1.8 2/0

Other121–136 Arsenic trioxide 15 533 0–38 22.0 5.8 24/1

FOLFOX indicates folinic acid, fluorouracil, and oxaliplatin; QTc, corrected QT; and SCD, sudden cardiac death.
*Common terminology cancer adverse events scale grade ≥I.

Table 2. Classification of the QTc Prolongation Potential
Cancer Drugs Based on Our Systematic Review

Classification Drug

High risk (>10%
incidence)

Arsenic trioxide
Bosutinib
Capecitabine
Cediranib
Combretastatin (CA4P)
Enzastaurin
Vadimezan
Vorinostat

Moderate risk (5%–10%
incidence)

Belinostat
Dasatinib
Dovitinib
Lenvatinib
Sorafenib
Sunitinib
Vandetanib

Low risk (1%–5%
incidence)

Aflibercept
Imatinib
Lapatinib
Nilotinib
Nintedanib
Paclitaxel
Panobinostat
Ponatinib
Romidepsin
Vemurafenib

Very low risk (<1%
incidence)

Anthracyclines
Fluorouracil
Afatinib
Ceritinib
Crizotinib
Fludarabine
Pazopanib
Pertuzumab
Trastuzumab

QTc indicates corrected QT.
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cardiac abnormalities; and (3) understand strategies to inves-
tigate and manage patients with cancer therapy–induced QT
prolongation, such that the risk of SCD is not increased and
potentially lifesaving cancer therapy is not withheld inappro-
priately.

Methods

Systematic Search of Cancer Therapy-Induced QT
Prolongation

Search strategy

Our search adhered to the Preferred Reporting Items of
Systematic Reviews and Meta-Analyses (PRISMA) statement
for systematic reviews.3 We performed a literature search with
3 databases: EMBASE, MEDLINE, and Cochrane Central
Register of Controlled Trials databases (1974–December,
2015) using 3 concepts: (1) clinical trials, (2) individual
anticancer drugs, and (3) cardiotoxicity. Only English-language
articleswere reviewed. Reference lists of individual publications
and review articles were searched manually for additional
studies, and drug labels of individual drugs were reviewed.

Study selection

Phase 1 trials evaluating the effects on QT interval of
individual cancer drugs at different doses, phase 2 trials,
phase 3 randomized controlled trials, and phase 4 postmar-
keting studies with systematic monitoring and reporting of
ECG data and cardiovascular safety were considered.
Prospective cohort studies were included if systematic ECG
monitoring was performed. Episodes of arrhythmia or SCD
were not taken into account if there was an alternative
explanation for their occurrence or if there was no ECG
monitoring during the study. Older clinical trials without
relevant information on the QT or nonsystematic collection of
ECG data were excluded (Figure 1).

Data Management and Analysis: Data extraction

All data were extracted by 2 cardiologists (A.P.-S. and C.G.)
using predefined electronic data extraction forms, including
number of subjects treated, number of subjects experiencing
QT prolongation (any Common Terminology Cancer Adverse
Events (CTCAE) scale version 3 grading), number of subjects
experiencing grade III or more QT prolongation (ie, QT
corrected prolongation of >60 ms from baseline or
>500 ms), arrhythmia episodes, and SCD. No data on other
cardiotoxic effects of the drugs were collected.

Data synthesis

The proportion of patients with QT prolongation or arrhythmia
events or cases of SCD was calculated for every study. For
each drug, a weighted average of the proportion of patients
experiencing QT prolongation was calculated from all the
studies using the number of patients treated in each study as
the weighting factor.

Results
Our systematic search yielded 5263 articles; of those articles,
1189 full-text articles were reviewed, and 173 were finally
included (Figure 1). Summary of the various cancer drugs and
the incidence of QT prolongation based on our systematic
review is presented in Table 1, and a classification based on
incidence of corrected QT (QTc) prolongation is provided in
Table 2. Additional description of commonly used agents and
their impact on QTc is summarized below.

Nontargeted Cancer Therapy

Arsenic trioxide

Arsenic trioxide is used in the treatment of refractory or
relapsed acute promyelocytic leukemia. The package insert
reports that QTc prolongation >500 ms occurs in up to 40% of

Clinical Perspective

What Is New?

• We provide a systematic review of the available literature on
corrected QT (QTc) prolongation attributable to cancer
therapy.

• Any QTc prolongation is common with both conventional
and targeted cancer therapy; however, the incidence of
significant QTc prolongation (to >500 ms) is more common
with targeted therapy.

• The reported incidence of arrhythmias and sudden cardiac
death attributable to QTc prolongation from cancer therapy
is extremely rare in the literature.

What Are the Clinical Implications?

• Our systematic review provides a reliable estimate of the
risk of developing QTc prolongation for many cancer drugs
that can be used to educate physicians and patients.

• When using drugs that are associated with an elevated
incidence of QTc prolongation, careful monitoring is
required during treatment.

• Careful evaluation with a rigorous measurement of the QT
interval is an important strategy to prevent unnecessary
cessation of cancer therapy and to minimize the risk of
arrhythmias.

• Prompt treatment of severe QTc prolongation is needed and
should be regarded as an emergency if linked with
arrhythmic events or cardiac symptoms, such as syncope.
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cardiac abnormalities; and (3) understand strategies to inves-
tigate and manage patients with cancer therapy–induced QT
prolongation, such that the risk of SCD is not increased and
potentially lifesaving cancer therapy is not withheld inappro-
priately.

Methods

Systematic Search of Cancer Therapy-Induced QT
Prolongation

Search strategy

Our search adhered to the Preferred Reporting Items of
Systematic Reviews and Meta-Analyses (PRISMA) statement
for systematic reviews.3 We performed a literature search with
3 databases: EMBASE, MEDLINE, and Cochrane Central
Register of Controlled Trials databases (1974–December,
2015) using 3 concepts: (1) clinical trials, (2) individual
anticancer drugs, and (3) cardiotoxicity. Only English-language
articleswere reviewed. Reference lists of individual publications
and review articles were searched manually for additional
studies, and drug labels of individual drugs were reviewed.

Study selection

Phase 1 trials evaluating the effects on QT interval of
individual cancer drugs at different doses, phase 2 trials,
phase 3 randomized controlled trials, and phase 4 postmar-
keting studies with systematic monitoring and reporting of
ECG data and cardiovascular safety were considered.
Prospective cohort studies were included if systematic ECG
monitoring was performed. Episodes of arrhythmia or SCD
were not taken into account if there was an alternative
explanation for their occurrence or if there was no ECG
monitoring during the study. Older clinical trials without
relevant information on the QT or nonsystematic collection of
ECG data were excluded (Figure 1).

Data Management and Analysis: Data extraction

All data were extracted by 2 cardiologists (A.P.-S. and C.G.)
using predefined electronic data extraction forms, including
number of subjects treated, number of subjects experiencing
QT prolongation (any Common Terminology Cancer Adverse
Events (CTCAE) scale version 3 grading), number of subjects
experiencing grade III or more QT prolongation (ie, QT
corrected prolongation of >60 ms from baseline or
>500 ms), arrhythmia episodes, and SCD. No data on other
cardiotoxic effects of the drugs were collected.

Data synthesis

The proportion of patients with QT prolongation or arrhythmia
events or cases of SCD was calculated for every study. For
each drug, a weighted average of the proportion of patients
experiencing QT prolongation was calculated from all the
studies using the number of patients treated in each study as
the weighting factor.

Results
Our systematic search yielded 5263 articles; of those articles,
1189 full-text articles were reviewed, and 173 were finally
included (Figure 1). Summary of the various cancer drugs and
the incidence of QT prolongation based on our systematic
review is presented in Table 1, and a classification based on
incidence of corrected QT (QTc) prolongation is provided in
Table 2. Additional description of commonly used agents and
their impact on QTc is summarized below.

Nontargeted Cancer Therapy

Arsenic trioxide

Arsenic trioxide is used in the treatment of refractory or
relapsed acute promyelocytic leukemia. The package insert
reports that QTc prolongation >500 ms occurs in up to 40% of

Clinical Perspective

What Is New?

• We provide a systematic review of the available literature on
corrected QT (QTc) prolongation attributable to cancer
therapy.

• Any QTc prolongation is common with both conventional
and targeted cancer therapy; however, the incidence of
significant QTc prolongation (to >500 ms) is more common
with targeted therapy.

• The reported incidence of arrhythmias and sudden cardiac
death attributable to QTc prolongation from cancer therapy
is extremely rare in the literature.

What Are the Clinical Implications?

• Our systematic review provides a reliable estimate of the
risk of developing QTc prolongation for many cancer drugs
that can be used to educate physicians and patients.

• When using drugs that are associated with an elevated
incidence of QTc prolongation, careful monitoring is
required during treatment.

• Careful evaluation with a rigorous measurement of the QT
interval is an important strategy to prevent unnecessary
cessation of cancer therapy and to minimize the risk of
arrhythmias.

• Prompt treatment of severe QTc prolongation is needed and
should be regarded as an emergency if linked with
arrhythmic events or cardiac symptoms, such as syncope.
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It has been suggested that “a clinically significant change in the QTc, as measured by 24 
hour Holter, occurs when an individual subject has a range of QTc values > ︎ 75 ms

Progress in Cardiovascular Diseases, Vol. 43, No. 5, Suppl. 1 (March/April) 2001: pp 1-45

92% casos TdP

Por qué medir el QTc?
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Background-—The cardiovascular complications of cancer therapeutics are the focus of the burgeoning field of cardio-oncology. A
common challenge in this field is the impact of cancer drugs on cardiac repolarization (ie, QT prolongation) and the potential risk
for the life-threatening arrhythmia torsades de pointes. Although QT prolongation is not a perfect marker of arrhythmia risk, this
has become a primary safety metric among oncologists. Cardiologists caring for patients receiving cancer treatment should
become familiar with the drugs associated with QT prolongation, its incidence, and appropriate management strategies to provide
meaningful consultation in this complex clinical scenario.

Methods and Results-—In this article, we performed a systematic review (using Preferred Reporting Items of Systematic Reviews
and Meta-Analyses (PRISMA) guidelines) of commonly used cancer drugs to determine the incidence of QT prolongation and
clinically relevant arrhythmias. We calculated summary estimates of the incidence of all and clinically relevant QT prolongation as
well as arrhythmias and sudden cardiac death. We then describe strategies to prevent, identify, and manage QT prolongation in
patients receiving cancer therapy. We identified a total of 173 relevant publications. The weighted incidence of any corrected QT
(QTc) prolongation in our systematic review in patients treated with conventional therapies (eg, anthracyclines) ranged from 0% to
22%, although QTc >500 ms, arrhythmias, or sudden cardiac death was extremely rare. The risk of QTc prolongation with targeted
therapies (eg, small molecular tyrosine kinase inhibitors) ranged between 0% and 22.7% with severe prolongation (QTc >500 ms)
reported in 0% to 5.2% of the patients. Arrhythmias and sudden cardiac death were rare.

Conclusions-—Our systematic review demonstrates that there is variability in the incidence of QTc prolongation of various cancer
drugs; however, the clinical consequence, as defined by arrhythmias or sudden cardiac death, remains rare. ( J Am Heart Assoc.
2017;6:e007724. DOI: 10.1161/JAHA.117.007724.)
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T he advances in treatment of cancer have led to
significant improvement in cancer-related mortality.1

Although many of the conventional drugs, such as the
anthracyclines, continue to be used widely, there are many
efficacious targeted therapies that are introduced into the
market. An important off-target effect of some of these drugs
includes abnormalities in cardiac repolarization resulting in QT
prolongation. QT prolongation has been linked to an increased
risk of life-threatening ventricular arrhythmia and reports of

sudden cardiac death (SCD).2 Therefore, the management of
the effects of cancer therapeutics on cardiac repolarization
necessitates collaboration between oncologists and cardiol-
ogists. This systematic review of the literature of conventional
and targeted anticancer therapies is intended to help the
clinicians do the following: (1) appreciate the QT prolongation
and arrhythmia potential of the many commonly used cancer
drugs; (2) recognize the need for careful evaluation of the QT
changes, especially in the context of other underlying ECG or
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syndromes.193,194 These data show that each 10-ms increase
in QTc contributes approximately a 5% to 7% increase in risk
for cardiac events, including syncope, cardiac arrest, and/or
death. Other risk factors for TdP beyond QTc have been
described in settings outside of cancer therapy (Table 5)
and, thus, the extrapolation to the cancer population is less
clear.195 Although some medications are associated with
QTc prolongation, not all drugs that prolong the QTc cause
TdP. Therefore, the risk assessment of TdP attributable to
drugs should not only be based on QTc alone but considered
in the context of other predisposing TdP risk factors.196

Recurrence of TdP is frequent and, hence, the occurrence of
a single event mandates urgent clinical evaluation and
monitoring.

Drugs for correcting prolonged QTc should be started if
worrisome ECG signs of TdP exist (eg, frequent ventricular
premature beats or short runs of nonsustained ventricular
tachycardia) or if TdP develops (asymptomatic or symp-
tomatic). Premonitory and worrisome signs for TdP are
prolonged QTc (>500 ms), severe aberration of the T-U
segment, beat-to-beat instability (more marked aberration of
the T wave after a long R-R interval), and/or frequent
ventricular premature beats (Figure 4B). Patients with such
abnormalities should be admitted to a cardiac care unit. The
first-line treatment is magnesium sulfate, given intravenously
with repeated doses if signs of electric instability persist. Next
is the initiation of a b-adrenergic drug, such as isoproterenol,
titrated to obtain an HR of >100 bpm with careful evaluation

Table 3. Noncancer Drugs Known to Cause QTc Prolongation

Risk

Drug Categories

Antiarrhythmic Drugs
Common Antibacterial
and Antifungal Drugs

Prokinetic and
Antiemetic Drugs Antipsychotics Antidepressants

Known risk Amiodarone
Disopyramide
Dofetilide
Dronedarone
Flecainide
Ibutilide
Procainamide
Quinidine
Sotalol

Moxifloxacin
Levofloxacin
Ciprofloxacin
Clarithromycin
Erythromycin
Azithromycin
Fluconazole
Pentamidine

Domperidone
Chlorpromazine
Ondansetron
Droperidol

Haloperidol
Mesoridazine
Thioridazine
Pimozide

Escitalopram
Citalopram

Possible risk Telavancin
Telithromycin
Gemifloxacin
Norfloxacin
Ofloxacin

Dolasetron
Granisetron
Promethazine
Tropisetron

Lithium
Clozapine
Paliperidone
Risperidone
Promethazine
Perphenazine
Pimavanserin
Iloperidone
Aripiprazole
Asenapine

Clomipramine
Desipramine
Imipramine
Mirtazapine
Nortriptyline
Trimipramine
Venlafaxine

Conditional risk Ivabradine Amphotericin B
Itraconazole
Ketoconazole
Metronidazole
Posaconazole
Voriconazole
Cotrimoxazole (avoid in
congenital long QT syndrome)

Metoclopramide Quetiapine
Olanzapine
Ziprasidone

Amitriptyline
Doxepin
Fluoxetine
Fluvoxamine
Paroxetine
Setraline
Trazodone

Alternatives Penicillin
Cephalosporins
Doxycycline
Anidulafungin

Aprepitant
Fosaprepitant
Palonosetron

Brexpiprazole Desvenlafaxine
Bupropion (except in
supratherapeutic dose)

Vortioxetine
Vilazodone
Levomilnacipran
Milnacipran

Known risk of torsades de pointes (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 lack evidence for a risk of TdP when taken as recommended. Conditional risk of TdP: These drugs could cause TdP only under certain
conditions, such as excessive dosing, electrolyte imbalance, and interacting with other drugs that can cause TdP. Alternatives: Drugs that at this point have not been linked to clinically
significant QTc prolongation.188 (Please see http://crediblemeds.org for an exhaustive list.) QTc indicates corrected QT.
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Table 1. QT Correction Formulas

Formula
Relationship Between QT
and RR/HR

Mathematical Expression
for QTc

Original Cohort

CommentsNo.
Mean Age and
Range (yr)

Log-linear
Bazett14 0.368! RR (male) QT/! (RR interval in seconds) Total 39 (20 male,

19 female)
26 ("14-53) First formula; most universally applied

0.399! RR (female)
Fridericia15 8.223! RR (RR in hundredths of

seconds)
QT/3! (RR interval in seconds) 50 26 (2-81) Included children to examine a wider range

of HR
Mayeda16 [0.2574 (100 # RR)]0.604 QT/RR0.604 200 18-64 Adult cohort without heart disease
Ashman17 0.375 log (10[RR $ 0.07]) (male &

children)
QT/log (10RR $ 0.07) 1,083 Unknown Included 226 children (0-14 yr); this

correction uses a reference RR of 930 ms
0.385 log (10[RR $ 0.07]) (female)

Linear*
Adams18 0.1464RR $ 0.2572 (all subjects) QT $ 0.1464(1-RR) (all subjects) Total 104 (50 male,

54 female)
28 Gender-based formula

0.1536RR $ 0.2462 (male) QT $ 0.1536(1-RR) (male)
0.1259RR $ 0.2789 (female) QT $ 0.1259(1-RR) (female)

Ljung19 0.2RR $ 0.18 % 0.04 QT $ 0.2(1-RR) 22 17-54 Adults with hypocalcemia ("7.5 mg/dL)
Schlamowitz20 0.205RR $ 0.167 QT $ 0.205(1-RR) 495 25 (18-44) Cohort of healthy soldiers at rest and after

exercise
Simonson et al21 0.2423 $ 0.14RR $ (0.0003) age QT $ 0.14(1-RR) Total 960 (649 male,

311 female)
20-59 Healthy subjects

Akhras and Rickards22 522 & 1.87(HR) QT $ 1.87(HR-60) 49 Unknown 25 Patients underwent treadmill exercise to
evaluate QT-RR relationship (15 patients,
!-blocking drugs), 15 patients with atrial
pacing/stress testing, 9 patients with
complete heart block exercised at a fixed
ventricular rate of 70 beats/min

Boudoulas et al23 521 & 2.0HR (male) QT $ 2(HR-60) (male) 100 Male, 100 female 40 (19-77) 200 Patients undergoing minimally stressful
diagnostic tests

511 & 1.8HR (female) QT $ 1.8(HR-60) (female)
Karjalainen et al24 0.156RR $ 0.236 QT $ .156(1-RR) 324 21 (18-28) Men only; formula intended for HR from 60-

100 beats/min
Rautaharju et al25 1/(1.64 # 10&3 $ 1.41 # 10&5 HR)

(male)
QT/(1 $ 1.41 # 10&5 QT(60-HR)

(male)
14,379 Birth-75 Populations derived from NHANES 2 and

HHANES; gender-based formula
1/(1.50 # 10&3 $ 1.54 # 10&5 HR)

(female)
QT/(1 $ 1.54 # 10&5 QT(60HR)

(female)
Framingham26 0.154RR $ .222 (male) QT $ 0.154 (1-RR in seconds) 5,018 44 (28-62) Large population-based (noncardiac) study

0.154RR $ .234 (female)
Hodges et al27 496 & 1.75(HR) QT $ 1.75 (HR-60) 607 (20s-80s) Healthy subjects; equal allocation of males

and females

Abbreviations: NHANES 2, National Health and Nutrition Examination Survey 2; HHANES, Hispanic Health and Nutrition Examination Survey.
*Formulas presented are linear for either HR or for RR, as specified.
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Cómo medirlo?but tends to overcorrect at high heart rates and under-corrects in patients with
bradycardia. The Fridericia correction uses the cube root of the RR interval

QTcF ¼ QTffiffiffiffiffiffiffiffi
RR3

p

and offers somewhat less of a correction for heart rates diverging from 60 beats
per minute.

The Bazett’s formula, although being the most commonly used in clinical
practice, has been shown to have the poorest correlation with heart rate
variability [12]. Studies have shown the Fridericia formula to be more ac-
curate than the Bazett’s correction and has been suggested for clinical eval-
uation of nonantiarrhythmic drugs by FDA guidelines. Although variations
still exist, Fridericia’s correction has become an evolving standard in the
development of recent oncologic treatments [13•].

Perhaps the most basic yet most elusive problem is the definition of a
normal threshold for QTc (Table 2). Large population studies of healthy
volunteers have shown a normal Gaussian distribution patterns with
ranges between 350 and 460 ms. The upper limits were defined as those
above the 99th percentile [14–16]. In noncancer population studies, QTc
intervals greater than 470 in men and 480 in women are generally
considered to be prolonged. QTc intervals 9500 or 960 ms above base-
line have also been associated with an increased risk of TdP [4••]. These
population studies have been helpful in identifying general distributions
but have had limitations in the calculations (mostly automated systems),
and their use of heart rate correction (mostly Bazett’s formula).
Furthermore, there have been suggestions that QT ranges in cancer pa-
tients are different compared with normal populations. A small retro-
spective study of cancer patients found that 15% of these patients had
baseline QT prolongation [17]. However, as to date no large population
studies have confirmed such differences.

Implications regarding cancer therapy

A number of anticancer agents have either known QT prolongation, or
because of their structure or classification, are candidates for heightened
scrutiny for possible QT prolongation, TdP, or sudden death. In some
instances, clinical trials identified possible QT prolongation, resulting in

Table 2. QTc reference ranges for adult males and females [4••]

Adult males (ms) Adult females (ms)
Normal G430 G450
Borderline 430-470 451-480
Prolonged 9470 9480
Highly abnormal 9500 9500

Curr Treat Options Cardio Med (2014) 16:303 Page 7 of 13, 303

A secondpotential pitfall regarding themeasurement of theQT interval is the
presence of the Uwave, which can add significant difficulty in the identification
of the termination of the T wave. These deflections that occur after the T waves
are often associatedwith hypokalemia and other electrolyte abnormalities. They
may also be augmented by certain antiarrhythmic medications and structural
heart disease [10]. The amplitude of the U wave is known to be rate-dependent
and can be seenmore prominently in patients with bradycardia. On the surface
electrocardiogram they may result in significant overlap with the preceding T
wave leading to difficulty in accurate QTmeasurement. The inconstant presence
and subtlety of the U wave further discriminate toward human over-interpre-
tation of automated ECG readings [8].

Notwithstanding the dilemmas associated with determining theQT interval,
additional factors affecting intracardiac conduction can also cause significant
alterations of the interval. Typically, these present in the form of bundle branch
blocks, with their associated QRS prolongation. From the perspective of pro-
arrhythmia potential, QT prolongation in the presence of bundle branch block
constitutes a smaller risk for TdP. The presence of ventricular conduction delays
can significantly prolong the measured QT interval and requires an additional
correction factor beyond those used to adjust for rate. TheQRS durationmust be
taken into consideration when calculating a corrected QT interval by either a
measured JT interval (QT–QRS duration) or by a linear adjustment method
[11]. Using a JT interval simplifies calculation of the interval but retains signif-
icant correlation to heart rate and, furthermore, requires alternative normal
reference values. An alternative linear QT adjustment can be used, which
removes rate dependence and maintains normal QT reference values [11]:

QT RR;QRSð Þ ¼ QT ¼ 155X
60

heart rate
−1

! "

k ¼ −22 in men; −34 in womenð Þ

−0:93X QRS−139ð Þ þ k

QT correction for heart rate

Following accurate measurement of the QT interval, the most common
challenge lies in the correction for variations of heart rate. Under normal
circumstances, the QT interval ranges approximately from 350-460 ms. The
normal interval has an inverse correlation with the measured heart rate, so
that it is shorter with more rapid heart rates and longer with slower rates.
Several correction formulas have been developed to correct QT for heart rate;
these include linear (Framingham and Hodges) and nonlinear (Bazett and
Fridericia) formulas. Despite their intention, these formulas have been
shown to demonstrate some degree of inaccuracy at the extremes of heart
rate. Bazett’s formula uses the square root of the RR interval

QTcB ¼ QTffiffiffiffiffiffiffiffi
RR

p

303, Page 6 of 13 Curr Treat Options Cardio Med (2014) 16:303
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más tarde presentó taquicardia ventricular polimórfica
(Figura 3) y fibrilación ventricular que requirió nuevamen-
te desfibrilación con 200 J.

Después sufrió un nuevo episodio de taquicardia
ventricular polimórfica con retorno espontáneo a ritmo
sinusal. Fue remitida para manejo en la unidad de
cuidado intensivo y evaluación por Electrofisiología

En el electrocardiograma de ingreso se encontró QTc
prolongado de 510 ms, con complejos ventriculares
prematuros frecuentes. Se descartó la presencia de alte-
ración electrolítica y el uso de medicamentos que prolon-
garan el QTc. Se decidió implantar un marcapasos
transitorio para sobrestimulación y se inició propranolol
a dosis máximas según su tensión arterial y frecuencia
cardiaca.

Caso uno
Paciente de género femenino, de 21 años de edad,

con embarazo de 34 semanas, que consulta a segundo
nivel por ruptura prematura de membranas. Fue remitida
después de cesárea por cuadro de edema generalizado,
disfunción renal y edema agudo de pulmón que se
resolvieron con manejo médico. Luego presentó un episo-
dio de muerte súbita, con evidencia de taquicardia ventricular
que requirió desfibrilación con 360 J y posterior retorno a
ritmo sinusal, donde se observó QT de 680 ms (Figura 1).
Requirió intubación orotraqueal, ventilación mecánica y
manejo con hipotermia post-paro. Dos días después tuvo
episodios de bigeminismo con fenómeno de R sobre T
(Figura 2) que desencadenaron taquicardia ventricular
no sostenida. Se inició manejo con amiodarona pero

Figura 1. Qt prolongado.

Figura 3. Taquicardia ventricular polimórfica después de un fenómeno R sobre T.

Figura 2. Bigeminismo con fenómeno de R sobre T.

RR

QT

8

14,5

384 ms420 ms



What clinicians should know about the QT interval?

1. QTc assessment. Maximal slope technique (‘tangent method’) is recommended for the 
correct measure of the absolute QT interval (QTa) 

2. U-waves are typically excluded. Not include U wave; hard to visualize use aVR or aVL

3. The ECG lead with the longest absolute QT interval– typically lead  V2, V3,V5 or 
otherwise lead II–is used for the measurements. (DIF >40 ms may be in error)

4. The mean of three consecutive QT intervals is used.

5. The averaged QTa is then entered into Bazett’s formula using the preceding R–R 
interval (averaged over three consecutive beats): R–R/HQTa). 

Bazett’s formula has been initially validated for heart rates between 60 and 100 beats per 
minute and tends to under correct for faster heart rates and overcorrect for slower heart 
rates 

Curr Opin Cardiol 2017, 32:000 – 000
European Heart Journal doi:10.1093/eurheartj/eht089
J. Am. Coll. Cardiol. 2009;53;982-991  

Tangente?

Onda U?

Derivación?

Variación?

Cuál RR?

The Measurement of the QT Interval Current Cardiology Reviews, 2014, Vol. 10, No. 3     291 

rhythm to decrease measurement variation. Future studies 
will shed a light on the differences that are introduced by 
using different guidelines to measure the QT. Notably, when 
the T-wave is notched or bifid, and the U-wave not easily 
recognized, it will become even more complicated to define 
the end of T. In practice, one should aim at the largest wave in 
the TU-complex and measure the end of that wave (Fig. 3).  

QT Problem 4: Correction for Heart Rate 

 Normal cardiac repolarization adapts to heart rate. This 
critical feature ensures that with increasing heart rate, the 
myocardium remains constantly excitable, i.e. completely 
repolarized, before the next depolarization wave enters. This 
prevents incomplete repolarization and the subsequent possi-
bility for re-entrant tachycardia. In Long QT syndrome, and 
especially in IKs related Long QT syndrome (type 1), cardiac 
adaptation to changes in heart rate is disrupted, which pro-
motes arrhythmias. However, QT correction for heart rate is 
imperfect and full of controversies.  
 One of the earliest efforts to acquire a standardized heart 
rate correction formula was made by Bazett in 1920 (QTc = 
QT / RR1/2 [sec], where RR is determined in the preceding 
RR interval) [27]. His method has been used ever since [12, 
34, 35]. This exponential method enabled the comparison of 
QT intervals at different heart rates. However, it works best 
between 60 and 100 beats per minute, while it may give er-
roneous results at both slower (overcorrection) and faster 
heart rates (undercorrection) [37]. The Fridericia exponential 
correction (QTc = QT / RR1/3 [sec]) [38] has also been de-
veloped in 1920 and has the same limitations at slow heart 
rates, but is considered to be more accurate than Bazett’s 
correction at faster heart rates. Another rather often used 
correction method is the linear Framingham method (QTc = 
QT + 0.154(1-RR), which results in more uniform rate cor-

rection over a wider range of heart rates. There are many 
more rate correction methods available, all with different 
shortcomings [35, 39]. A recent study by Barsheshet and 
colleagues from many different centers worldwide even sug-
gested that QT correction in Long QT syndrome patients 
should be genotype specific to result in optimal risk stratifi-
cation[40]. Still, Bazett’s correction is most commonly used.  

QT Problem 5: Arrhythmias 

 The QT interval is preferably measured during stable 
sinus rhythm and then even preferably determined from the 
average of 3 consecutive beats. However, in some occasions 
we are challenged with overt sinus arrhythmia, extra systoles 
or even atrial fibrillation. Extra systoles and the beat directly 
following an extra systole should not be included in the 
measurement of the QT interval but do provide a lot of in-
formation; those patients with decreased repolarization re-
serve will show aberrant QT intervals or even giant T-U 
waves after the sudden change in heart rate initiated by the 
extra systole.41 In sinus arrhythmia, especially apparent in 
(young) children, the varying RR intervals result in so much 
variation in the QTc interval that the probability for an erro-
neous diagnosis of a prolonged QT is increased. Subse-
quently, too many children may end up with a diagnosis of a 
prolonged QT interval. The same probably holds for atrial 
fibrillation in which the shortest RR intervals probably result 
in prolonged QTc values. Therefore, the QTc is preferably 
determined during stable sinus rhythm, while QTc values 
derived from ECGs with arrhythmias should be interpreted 
with caution. 

QT Problem 6: Normal, too long or too short? 

 So what actually is a normal QT interval? Viskin wrote 
an excellent review on this topic in 2009 [42]. One should 

 
Fig. (3). Schematic illustration of the use of the tangent method to define the end of the T-wave in normal and abnormal TU morphologies, 
which then promotes the determination of the QTc interval. 

tangent

baseline
end of TP

QRS

T
U

RR interval
QT interval

Lead II or V5 QTc = QT / √ RR (sec) </> 450 ms
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of the response, because patients with inherited congenital
long QT syndrome could experience worsening symptoms.
The role of antiarrhythmic therapies is less well established,
but in case of refractory TdP, lidocaine infusion can be
considered.197

Temporary ventricular or atrial pacing at 100 to 120 bpm
should be considered if the patient is refractory to the
previous measures. If the patient has a preexisting pacemaker
or implantable cardioverter defibrillator system, changes in

the lower rates can have the same protective effects. This
measure leads to the disappearance of virtually all ventricular
arrhythmias.198

Specialist Consultation
Cardiology and/or cardiac electrophysiology (EP) consultation
is specifically advised in the following: (1) patients seen with a
markedly prolonged QTc interval (>500 ms); (2) those receiv-
ing treatment with a known QTc-prolonging drug, who
experience symptoms suggestive of being of cardiac origin;
and (3) those with known inherited arrhythmia disorders.
Patients who experience associated syncope or presyncope
suspected to be of cardiac origin, rapid palpitations, or QTc
prolongation with new-onset bradycardia (HR <60 bpm) and a
high degree of heart block (second and third degree) are at
high risk for repeated episodes and should be in a monitored
setting with specialist consultation.199

Long-Term Treatment
No recommendations on the role of cardiac implantable
device insertion exist to date. Patients with severe bradycar-
dia secondary to cancer therapy who are candidates for a
QTc-prolonging drug may benefit from a dual-chamber
pacemaker insertion to avoid symptomatic sinus bradycardia
or sinus pauses that are risk factors for TdP. An implantable
cardioverter defibrillator should be considered as follows: (1)
if the life expectancy of the patient is >1 year, (2) if the
patient has experienced resuscitated SCD, or (3) if the patient
has experienced severe arrhythmia from a known QTc-
prolonging agent without any correctable cause and no
alternative cancer treatment is available. These patients
require careful individual evaluation and discussion in a
multidisciplinary team to ensure that the risks and benefits of
implantable cardioverter defibrillator therapy are considered.

Figure 4. Torsades de pointes (TdP) and premonitory signs of TdP. A, Rhythm strip of a prolonged episode
of TdP in a patient with congenital long QT syndrome and hypomagnesemia. B, Rhythm strip of a patient
with prolonged corrected QT of 580 ms with frequent ventricular complexes of different morphological
features (*) and triplets (**) indicating electrical instability and high risk of developing TdP.

Table 4. Summary of Strategies to Minimize Cancer Therapy
–Related QTc Prolongation and Risk of TdP190

1. Avoid use of QTc-prolonging drugs in patients with pretreatment QTc
>450 ms

2. Discontinue QTc-prolonging drug(s) if QTc interval prolongs to
>500 or >550 ms if a baseline widening of QRS is present
(>120 ms secondary to pacing or bundle branch block)

3. Reduce dose or discontinue QTc-prolonging drug(s) if the QTc
increases ≥60 ms from pretreatment value

4. Maintain electrolytes (serum potassium, magnesium, and calcium)
concentration within normal range

5. Avoid important known drug interactions

6. Adjust doses of renally eliminated QTc-prolonging drugs in patients
with acute kidney injury or chronic kidney disease

7. Avoid rapid intravenous administration of QTc-prolonging drugs

8. Administration of >1 drug with the potential to prolong the QT
interval should be avoided

9. Avoid use of QTc-prolonging drugs in patients with a history of drug-
induced TdP or those who have previously been resuscitated from
an episode of SCD

10. Avoid use of QTc interval–prolonging drugs in patients who have
been diagnosed as having one of the congenital long QT syndromes

11. Monitor ECG with frequency, depending on ongoing therapy, drug
concentration, and dose changes of QTc-prolonging therapy

QTc indicates corrected QT; SCD, sudden cardiac death; and TdP, torsades de pointes.
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≥450 ms Evitar

≥500 ms Suspender

≥60 ms Suspender

Electrolitos

Interacciones

Monitorización
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a b s t r a c t

The side effects of anticancer drugs still play a critical role in survival and quality of life. Although the
recent progresses of cancer therapies have significantly improved the prognosis of oncologic patients,
side effects of antineoplastic treatments are still responsible for the increased mortality of cancer
survivors.
Cardiovascular toxicity is the most dangerous adverse effect induced by anticancer therapies. A survey

conducted by the National Health and Nutrition Examination, showed that 1807 cancer survivors fol-
lowed up for seven years: 51% died of cancer and 33% of heart disease (Vejpongsa and Yeh, 2014).
Moreover, the risk of cardiotoxicity persists even with the targeted therapy, the newer type of cancer
treatment, due to the presence of on-target and off-target effects related to this new class of drugs.
The potential cardiovascular toxicity of anticancer agents includes: QT prolongation, arrhythmias,

myocardial ischemia, stroke, hypertension (HTN), thromboembolism, left ventricular dysfunction and
heart failure (HF). Compared to other cardiovascular disorders, the interest in QT prolongation and its
complications is fairly recent. However, oncologists have to deal with it and to evaluate the risk-
benefit ratio before starting the treatment or during the same.
Electrolyte abnormalities, low levels of serum potassium and several drugs may favour the acquired QT

prolongation. Treatment of marked QT prolongation includes cardiac monitoring, caution in the use or
suspension of cancer drugs and correction of electrolyte abnormalities (hypokalaemia, hypomagne-
saemia, hypocalcaemia). Syndrome of QT prolongation can be associated with potentially fatal cardiac
arrhythmias and its treatment consists of intravenous administration of magnesium sulphate and the
use of electrical cardioversion.
! 2017 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Prolongation of the corrected QT (QTc) and cardiac arrhythmias

QT interval recorded by electrocardiogram (ECG) reflects the
overall duration of ventricular activation and recovery [2]. QT pro-
longation is almost always subsequent to cardiac repolarization
abnormalities. Many drugs, making dysfunctional subunits of
voltage-gated channels can cause a wide spectrum of events, from
QT prolongation, to ventricular tachycardia, until his sudden death.

Various correction formulas have been developed to improve
QT measurement accuracy (Fig. 1), among these the most widely
used in clinical practice are the Balzett and the Fredericia formulas
[2–7]. In fact, in case of altered cardiac frequencies, heart rates
higher than 100 beats per minute (bpm) or lower than 60 bpm,

the correction according to Bazett is not ideal because the value
is overestimated or underestimated, respectively, and the use of
the Fridericia’s formula is preferred. QT prolongation can be asso-
ciated to a ventricular tachycardia, known as torsades de pointes
(TdP), that can degenerate into a ventricular fibrillation, usually
with a fatal outcome. Torsades de Pointes is characterized by
QRS complexes that oscillate around the isoelectric and vary in
morphology and continuous voltage.

The NCI classification of the 4 degrees of QT prolongation asso-
ciated with anticancer drugs is as follows: grade 1, QTc 450–480
ms; grade 2, QTc 481–500 ms; grade 3 QTc > 501 ms on at least
two separate electrocardiograms; grade 4 QTc > 501 ms or a
change of >60 ms from baseline and TdP, polymorphic ventricular
tachycardia, or signs or symptoms of severe arrhythmia [8].

It is difficult to assess the risk of developing life-threatening
arrhythmias from QTc prolongation syndrome [9,10], although
there is a clear correlation among prolonged QTc interval,

https://doi.org/10.1016/j.ctrv.2017.11.009
0305-7372/! 2017 The Author(s). Published by Elsevier Ltd.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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including nine clinical studies, phase II or III, for a total of 2188
cancer patients, showed that treatment with vandetanib is associ-
ated with a significant increase in overall incidence and risk of QTc
prolongation. This is true for thyroid cancer and other cancers such
as breast cancer and lung cancer [21]. Typically QT prolongation is
dose-dependent and occurs frequently at the beginning of three
months of treatment [22].

Because of its cardiovascular risk, vandetanib requires careful
correction of hypocalcaemia, and/or hypomagnesaemia. Moreover,
since drug half-life is very long (19 days), it is recommended to per-
form a basic ECG at 2, 4, 8 and 12 weeks after initiation of treatment
and every three months. Monitoring of electrolytes and calcium, as
well as thyroid stimulating hormone (TSH) is recommended [22].
Vandetanib is not advisable in patients with QTc > 480 msec.

Patients, in which QTc interval prolongation is >500 ms during
treatment, should stop the medication until the QTc interval
returns to values <450 ms; you can then re-administering the drug
at a reduced dose [22].

Pazopanib

Pazopanib is a powerful multi-targeted TKI that targets VEGFRs,
platelet-derived growth factor receptors (PDGFRs) and c-Kit recep-
tor [23]. Pazopanib is mainly approved for the treatment of
advanced renal cell carcinoma and, in adult patients, for subtypes
of sarcoma [24,25].

Pazopanib determines QT prolongation (>500 ms) in 2% of
cases. The incidence of TdP is <1% [26]. It must be used with cau-
tion in patients with heart disease or who are taking antiarrhyth-
mics or other drugs known to prolong the QT.

Sunitinib and sorafenib

Sunitinib is a multi-targeted TKI that bind and inhibits VEGFRs
1–3, c-Kit, PDGFRs A and B, rearranged during transfection (RET)

receptor, Fms-like tyrosine kinase 3 (FLT3) receptor and colony
stimulating factor receptor (CSF1R), indicated for the first-line
treatment in renal cell carcinoma and second-line in patients with
GastroIntestinal Stromal Tumors GIST [27].

Sorafenib is another multitarget TKI against VEGFRs 2–3,
PDGFRs b, c-Kit, FLT3, and BRAF RAF1 indicated for the second-
line treatment against renal cancer and hepatocellular carcinoma
[28].

Although the use of these medications has revolutionized the
treatment of certain malignancies, during the last years we have
gathered enough evidence on their potentially fatal adverse cardio-
vascular effects [29–32].

While sunitinib has a dose-dependent effect on QTc interval,
the effect of sorafenib on the performance of QTc appears
modest and is unlikely to be of clinical relevance [2,16,33–35].
However, since the prolongation can cause an increased risk of
ventricular arrhythmias, although minimal, sunitinib must be
used with caution in patients treated with drugs known to
prolong the QT, as well as in patients with bradycardia, or
electrolyte abnormalities [36].

In general, in patients treated with sunitinib we perform ECG at
baseline and during treatment only if patients are also receiving
other potential QTc prolonging drugs [33,34].

ErbB2 inhibitors

Lapatinib

Lapatinib is a TKI used in the treatment of HER2-positive meta-
static breast cancer [37].

Lapatinib is the only ErbB2 inhibitor associated with QTc pro-
longation. In one study, uncontrolled, open-label, in patients with
advanced cancer there was an increasing of the QTc interval depen-
dent on the concentration of the drug [37].

ECG, QTc measurement (Friedericia or Balzett formula)

Patients at increased risk for QT prolongation

Baseline QTc > 500msec,
History of QT prolongation or congenital long QT

Drug administration

Cardiologist consultation Monitor ECG at 1 week and 
after any dose modification

If QTc > 500 msec or 
QT prolongation > 60 msec from baseline 

therapy discontinuation

If QTc > 450-480 msec,
adjust electrolyte levels if needed,

discontinue any other QTc prolonging
drugs

QTc normalization

Therapy
discontinuation

Continue 
therapy

Yes No

Yes

No

No Yes

Fig. 3. Assessment and management scheme in course of chemotherapy with potential QTc effect.
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making postoperative AF, a highly explored entity now well-known [8,
9]. Indeed, beyond thoracic surgery, the occurrence of AF after surgery
has been afterwards reported for colorectal cancer or esophageal cancer
with substantial prevalence ranging respectively between 4% and 10%
[10,11]. On the strength of these findings, additional studies confirmed
that AF had a negative impact on prognosis, especially after pulmonary
resection for lung cancer, with higher rates of morbi-mortality [12].
However, if the initial link between AF and cancer was mostly based
on cancer surgery and its consequences, it has gradually become clearer
that patients with cancer at the time of diagnosis, prior to any treat-
ment, were at higher risk to develop AF and that AF could also occur
postoperatively. Close links between AF and cancer outside the postop-
erative period have been reported by several case-control studies and
support the argument that cancer in itself may be a comorbid state pre-
disposing to AF. In a case-control study investigating the risk of colon
cancer among 12,304 veterans taking nonsteroidal anti-inflammatory
drugs, Muller et al. were the first to note a positive association between
AF and cancer, as AF was more commonly found in veterans with colon
cancer (odds ratio, 1.34 [95% CI, 1.16–1.55]) [13].Other case control-
studies among non-surgical populations have led to similar findings in
different types of cancers, such as colorectal, kidney, breast or ovary
cancers and also focused on personswith recent cancer diagnoses or pa-
tients who were admitted to hospital for cancer treatment, suggesting
that cancer itself is a comorbid condition that predisposes to AF instead
of a postoperative complication [14–17]. Indeed, as associations be-
tween surgery or chemotherapy and AFwere avoided, thus suppressing
possible confounding factors, a sharper distinction must be drawn be-
tween two main situations: a pre-existing AF before cancer diagnosis
and a new-onset AF occurring after the diagnosis of cancerwith possibly
respective etiopathogenis. Epidemiological data of AF in cancer patients
are summarized in Table 1.

3. Interconnections betweenAF and cancer: towards anewparadigm?

Over the past three years, large cohort studies, working from these
epidemiological retrospective premises, significantly enhanced the

aforementioned findings. So far, it appears that cancer increases the
risk of AF, but leaves unexplained the hypothesis that AF could be a
marker of occult cancer and thus if cancer screening in patients with
new-onset AF should be considered. To this end, a cohort study of
269,742 patients based on Danish registry data, highlighted that pa-
tients who were diagnosed with AF had a 5 times increased risk of can-
cer diagnosis in the first 3 months of their AF diagnosis, which
represents a 2.5% absolute risk of cancer diagnosis (95% CI, 2.4%–2.5%).
The relative risk of cancer diagnosis was clearly high for all types of can-
cer within 3 months after AF diagnosis, but was evenmore pronounced
for lung, kidney and colon cancers. Consequently, the authors underline
the potential role of AF as a marker for occult cancer, and question the
interest of an extensive cancer screening at AF diagnosis in selected pa-
tients, as a way to improve prognosis [18].

The interconnection of both entities has also been investigated by
Conen et al., in a long-term prospective cohort study of 34,691 women
aged 45 or older. Women were followed up between 1993 and 2013
for incident AF and malignant cancer within the Women's Health
Study, a randomized clinical trial of aspirin and vitamin E for preventing
cardiovascular diseases and cancer. The findings published in 2016
showed that women with new-onset AF had a significantly increased
risk of incident cancer during subsequent follow-up, even after exten-
sive adjustment for age (hazard ratio, 1.58 [95% CI, 1.34–1.87]) and
other potential cofounders including cardiovascular diseases, diabetes,
smoking, and alcohol consumption (hazard ratio, 1.48 [95% CI,
1.25–1.75]). The risk of cancer was 3-fold higher within 3 months of
AF diagnosis (hazard ratio, 3.54 [95% CI, 2.05–6.1]) and remained signif-
icant beyond 1 year (hazard ratio, 1.42 [95% CI, 1.18–1.71]). Of the ex-
amined cancer subtypes, AF was most strongly associated with colon
cancer, probably due to the use of anticoagulants among patients with
AF and occult colon cancer that may have led to bleeding and then, ear-
lier detection. In contrast, the risk of incident AF after cancer diagnosis
was 20% higher in the first 3 months, but not beyond. The authors also
highlight that cancer and AF do share risk factors which might underlie
their interrelation and subsequently, this study could not exclude that
possibility. A number of coexisting comorbidities including smoking,
obesity and alcoholism as well as aging are known to predispose both

Table 1
Epidemiological evidence of AF in cancer patients.

Type of study, year First author Type of cancer Number of patients HR OR SIRs AF prevalence 95% CI References

Prospective single-center study
2005

Roselli et al. Lung cancer resection 604 UK UK UK 19% UK [9]

Prospective single-center study
2012

Imperatori et al. Lung cancer resection 454 UK UK UK 9.9% UK [12]

Retrospective study
2005

Siu et al. Elective surgery for
colorectal cancer

563 UK UK UK 4.4% UK [10]

Prospective single-center study
2013

Ojima et al. Esophagealcancer
resection

207 UK UK UK 9.2% UK [11]

Case-control study
1994

Muller AD et al. Colon cancer 12,304 1.34 UK UK UK 1.16–1.55 [13]

Case-control study
2002

Guzzetti et al. Colorectal cancer 456 UK 3.5 UK 5.2% 1.6–7.2 [14]

Prospective single-center study
2008

Guzzetti et al. Colorectal or breast
cancer

1317 UK 3.3 UK 3,6% 1.67–6.61 [15]

Case-control study
2012

Erichsen et al. Colorectal cancer 28,333 UK 7 UK 0.59% 6.3–7.8 [16]

Cohort study
2012

Hu et al. All cancers combined 24,125 UK UK UK 2.4% at cancer diagnosis/1.8%
after cancer diagnosis

UK [17]

Cohort study
2014

Ostenfeld et al. All cancers combined 269,742 with
new-onset AF

UK UK 5.11 UK 4.99–5.24 [18]

Cohort study
2016

Conen et al. All cancers combined 34,961 1.58 UK UK 4.2% 1.34–1.87 [2]

SIRs: standardized incidence ratios.
HR: hazard ratio.
OR: odds ratio.
UK: unknown data.
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Risk of Malignant Cancer Among Women
With New-Onset Atrial Fibrillation
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IMPORTANCE A substantial proportion of patients with atrial fibrillation (AF) die of
noncardiovascular causes, and recent studies suggest a link between AF and cancer.

OBJECTIVE To evaluate the associations between AF and cancer in a large, long-term
prospective cohort study.

DESIGN, SETTING, AND PARTICIPANTS In this cohort study, a total of 34 691 women 45 years or
older and free of AF, cardiovascular disease, and cancer at baseline were prospectively
followed up between 1993 and 2013, for incident AF and malignant cancer within the
Women’s Health Study, a randomized clinical trial of aspirin and vitamin E for the prevention
of cardiovascular disease and cancer. Cox proportional hazards models using time-updated
covariates were constructed to assess the association of new-onset AF with subsequent
cancer and to adjust for potential confounders. Data analysis was performed from December
2014 to May 2015.

EXPOSURE New-onset AF.

MAIN OUTCOMES AND MEASURES Incident malignant cancer confirmed by an end point
committee.

RESULTS During a median follow-up of 19.1 years of 34 691 study participants (interquartile
range [IQR], 17.6-19.7 years), new-onset AF and malignant cancer were confirmed among
1467 (4.2%) and 5130 (14.8%) participants, respectively. Median age at baseline among
participants with new-onset AF and new-onset cancer during follow-up was 58 years (IQR,
52-64 years) and 55 years (IQR, 50-61 years), respectively. Atrial fibrillation was a significant
risk factor for incident cancer in age-adjusted (hazard ratio [HR], 1.58; 95% CI, 1.34-1.87;
P < .001) and multivariable-adjusted (HR, 1.48; 95% CI, 1.25-1.75; P < .001) models. The
relative risk of cancer was highest in the first 3 months after new-onset AF (HR, 3.54; 95% CI,
2.05-6.10; P < .001) but remained significant beyond 1 year after new-onset AF (adjusted HR,
1.42; 95% CI, 1.18-1.71; P < .001), and a trend toward an increased cancer mortality was
observed (adjusted HR, 1.32; 95% CI, 0.98-1.79; P = .07). In contrast, among women with
new-onset cancer, the relative risk of AF was increased only within the first 3 months (HR,
4.67; 95% CI, 2.85-7.64; P < .001) but not thereafter (HR, 1.15; 95% CI, 0.95-1.39; P = .15).

CONCLUSIONS AND RELEVANCE In this large, initially healthy cohort, women with new-onset
AF had an elevated cancer risk beyond 1 year of AF diagnosis. Shared risk factors and/or
common systemic disease processes might underlie this association.
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The association between new onset atrial
fibrillation and incident cancer—A nationwide
cohort study
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Center, China Medical University Hospital, College of Medicine, China Medical University, Taichung, Taiwan,
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Taichung, Taiwan

* ylho@ntu.edu.tw

Abstract

A recent analysis showed an association with new onset atrial fibrillation (NOAF) and inci-

dent cancer among women. We aimed to examine the risk of cancer among patients with

NOAF in general population. A retrospective cohort of 5130 patients with NOAF was identi-

fied from a random sample of one million subjects between 2005 and 2010 from Taiwan

National Health Insurance Research Database. The standard incidence ratio of incident

cancer and hazard ratios were calculated by modeling cumulative incidence with competing

risk of death. During a mean follow-up duration of 3.4 years, 330 patients developed cancer.

The standard incidence ratio of all malignancies was 1.41 (95% confidence interval 1.26–

1.57), suggesting a 41% increase in cancer risk compared with the general population. The

risk of cancer was higher among men or the elderly with NOAF after adjusting for confound-

ing factors and after considering the competing risk of death. The risk of cancer was not

associated with CHA2DS2–VASc score (p = 0.32) among patients with NOAF. In conclu-

sion, patients with NOAF were associated with a higher risk of cancer. Within this group, the

risk of ischemic stroke (in terms of CHADS2-VASc score) did not reflect the risk of incident

cancer.

Introduction

Atrial fibrillation (AF) is one of the most common arrhythmias and is associated with many
cardiovascular complications, especially ischemic stroke. AF is frequently induced either by
cardiovascular disease[1, 2] or by non-cardiovascular diseases.[3, 4]

According to the latest studies, there is also an association between AF and new onset
malignancies.[5, 6] In a case-control study, the diagnosis of AF was more frequent among
patients with newly diagnosed colorectal and breast cancer.[5] In a large observational study,
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Cancer incidence was generally the highest in the 65–74 years group, followed by the>75
years group. Further, except for women with new onset AF, increasing age was not associated
with a higher risk of incident breast cancer.

Discussion

The main findings of this large population-based cohort study are as follows: (1) patients
with NOAF were associated with higher incidence of all cancer compared with the general

Table 2. Crude incidence rates of outcomes.

CHA2DS2-VASc scores

Total 0–2 3–4 5–6 7–9

Subgroup N py E IR⇤ N py E IR⇤ N py E IR⇤ N py E IR⇤ N py E IR⇤

All cancers

All patients 5130 16688 330 19.77 1270 4591 64 13.94 1716 5810 129 22.2 1436 4384 98 22.35 708 1903 39 20.5

Gender Female 2381 7799 109 13.98 276 1046 9 8.61 777 2761 36 13.04 816 2553 45 17.63 512 1439 19 13.2

Male 2749 8889 221 24.86 994 3545 55 15.51 939 3049 93 30.5 620 1831 53 28.94 196 463 20 43.16

Age <65 1395 5257 55 10.46 901 3381 35 10.35 403 1562 12 7.68 82 293 7 23.9 9 22 1 46.32

65–74 1268 4330 109 25.17 274 925 22 23.78 573 1970 55 27.91 340 1181 26 22.02 81 254 6 23.65

75+ 2467 7101 166 23.38 95 285 7 24.56 740 2278 62 27.22 1014 2910 65 22.33 618 1628 32 19.66

By type of cancer

Breast cancer 2381 7799 12 1.54 276 1046 2 1.91 777 2761 4 1.45 816 2553 4 1.57 512 1439 2 1.39

Colon cancer 5130 16688 55 3.3 1270 4591 10 2.18 1716 5810 25 4.3 1436 4384 10 2.28 708 1903 10 5.26

Liver cancer 5130 16688 35 2.1 1270 4591 6 1.31 1716 5810 15 2.58 1436 4384 9 2.05 708 1903 5 2.63

Lung cancer 5130 16688 58 3.48 1270 4591 15 3.27 1716 5810 21 3.61 1436 4384 19 4.33 708 1903 3 1.58

⇤ per 1000 person-years

Abbreviations: N, patient no.; py, person year; E, event no.; IR, incidence rate

https://doi.org/10.1371/journal.pone.0199901.t002

Fig 2. The standardized incidence ratio. The standardized incidence ratio and 95% confidence interval of all cancers
and different types of cancer compared with the general population. Numbers shown are observed number of cancer
cases/expected number of cancer cases.

https://doi.org/10.1371/journal.pone.0199901.g002
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Por resolver

elucidated by future research. An overview of the potential
pathogenetic links between cancer and AF is outlined in
Figure 1.

Treatment

Treatment of AF in cancer patients is a challenge, particu-
larly in terms of antithrombotic therapy for stroke preven-
tion. On the one hand, cancer is itself a prothrombotic
state, thus further increasing the risk of thromboembolic
events in patients with AF. Despite that, the history of
cancer has not been incorporated in the thromboembolic
risk prediction scores such as CHADS2 (Cardiac Failure,
Hypertension, Age, Diabetes, and Stroke [doubled]) or
CHA2DS2-VASc (congestive heart failure or left ventricu-
lar dysfunction, hypertension, age !75 [doubled], diabetes,
stroke [doubled]–vascular disease, age 65 to 74, sex [female])
that are currently suggested to be used to guide antith-
rombotic therapy (1,2). Moreover, some anticancer therapies
and in particular the novel angiogenesis inhibitors have been
related to thromboembolic complications (32). On the other
hand, some malignancies, such as primary or metastatic
intracranial tumors and hematological malignancies, pose
an increased risk of hemorrhage. To complicate things

further, the response to anticoagulation may not be pre-
dictable owing to the concomitant medication or metabolic
disorders associated with cancer (36). Actually, the use of
vitamin K antagonists for deep venous thrombosis in pati-
ents with malignancies was associated with a 6-fold higher
risk of hemorrhage compared with patients without cancer
(37). In addition, there is practically no evidence to guide
practice, and the recent randomized clinical trials on the
novel anticoagulants dabigatran, rivaroxaban, and apixaban
for stroke prevention in AF did not include cancer patients
(38–40). Finally, using the established thromboembolic risk
prediction scores to guide antithrombotic therapy in cancer
patients may not be adequate. More specifically, in a large
cohort of 24,125 patients with newly diagnosed cancer,
although the CHADS2 score was predictive of thrombo-
embolism risk in patients with baseline AF, it did not pre-
dict thromboembolic events in those with new-onset AF
(i.e., AF that occurred after cancer diagnosis) (3). Therefore,
the decision regarding the initiation of antithrombotic
therapy in cancer patients has to be strictly individualized,
weighing cautiously the benefits against the risks according
to the features of each particular patient.

Low molecular weight heparin (LMWH) may have a
more favorable outcome than vitamin K inhibitors in

Table 3 Studies on the Prevention or Treatment of Post-Operative AF in Patients With Cancer

First Author, Year (Ref. #) No. Cancer Type Surgery Type Intervention Outcome

Prevention

Riber et al., 2012 (12) 254 Lung cancer Pulmonary resection Amiodarone AF reduction
(9% vs. 30%)

Nojiri et al., 2012 (17) 40 Lung cancer Pulmonary resection Atrial natriuretic peptide AF reduction
(10% vs. 60%)

Ciszewski et al., 2012 (60) 117 Lung cancer Pulmonary resection Acebutolol or diltiazem Nonsignificant AF reduction
(5% in acebutolol, 23% in

diltiazem, 20% in placebo)

Treatment

Nojiri et al., 2011 (13) 30 with AF Lung cancer Pulmonary resection Landiolol or verapamil
þ digoxin for cardioversion

Reduction of cardioversion time
(8 h vs. 11 h)

Ojima et al., 2013 (66) 19 with AF Esophageal
cancer

Transthoracic
esophagectomy

Medical cardioversion
(landiolol as first-line therapy)

63.2% successful cardioversion

AF ¼ atrial fibrillation.

Table 4 Open Issues Concerning AF in Cancer Patients

Epidemiology Prevalence of AF in different types of cancer based on large cohorts or registries
Occurrence of AF in relation to various cancer modalities, particularly novel targeted therapies
Risk factors of AF
Impact of AF on cancer prognosis and outcome
Impact of AF on therapeutic decisions concerning cancer management

Pathogenesis Mechanisms of AF induction

Diagnosis and
assessment

Evaluation of classic and novel biomarkers for AF prediction
Use of established thromboembolic risk assessment scores (i.e., CHADS2 or CHA2DS2-VASc)
Evaluation of the need for cancer-specific scores

Management Evaluation of available strategies for stroke prevention
Use of novel anticoagulants for stroke prevention (dabigatran, rivaroxaban, apixaban)
Use of available pharmacological therapies and other strategies for AF prevention
Use of available pharmacological and interventional therapies for AF management

AF ¼ atrial fibrillation; CHADS2 ¼ cardiac failure, Hypertension, Age, Diabetes, and Stroke (doubled); CHA2DS2-VASc ¼ congestive heart failure or left
ventricular dysfunction, hypertension, age !75 (doubled), diabetes, stroke (doubled)–vascular disease, age 65 to 74, sex (female).

Farmakis et al. JACC Vol. 63, No. 10, 2014
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survey data, Gossman et al.44 estimated that the median proportion
of RT patients requiring a change in the RT approach due to PM/ICD
was 0.8%, while the total fraction of RT patients having a PM/ICD was
expected to be higher.

Probability and consequences
of device malfunction
Since the publication of the AAPM TG-34 guidelines,21 numerous in
vitro experiments on the effects of RT on both PMs and ICDs have
been reported (Tables 1 and 2 ). Variations exist in the reported
rates of device malfunctions. Hurkmans et al.47 irradiated 19 PMs
with 6 MV photons to a dose of up to 120–130 Gy. Points of first
malfunctions varied from 10 to 120 Gy, while five devices were irra-
diated with full dose without any adverse effects. In the largest in vitro
study so far, Mouton et al.46 analysed the effects of direct irradiation
with 18 MV photons on 96 PMs, reaching doses up to 200 Gy per
device, delivered at varying dose rate. The authors classified the
observed malfunctions, with three of the classes being potentially
lethal: pacing output amplitude change of .10%, pauses in electrical
signal of .10 s, and permanent silence. These malfunctions were
observed at doses starting from 2, 0.15, and 0.5 Gy, with mean
doses at their occurrence of 56, 17.4, and 71 Gy, respectively. In
terms of in vitro studies on ICDs, Hurkmans et al.51 exposed 11
ICDs to 6 MV photons, reaching a dose of 120 Gy. Failures were
observed in all devices with doses at first malfunction varying from
0.5 to 120 Gy. Of note, sensing interference was observed in all of
the ICDs, potentially leading to shock therapy in case of a clinical
situation. At the same time, exposing 20 ICDs (including 8 cardiac
resynchronization therapy defibrillators) to 4 Gy of scattered radi-
ation froma 6 MV photon beam, Kapa et al.52 reported no device mal-
functions. In a recent study by Mollerus et al.,54 four contemporary
ICDs withstood therapeutic levels of radiation and were found to
be more resistant to 6 MV photons compared with four older
models. Hashii et al.11 compared the effects of different beam energies
on four ICDs from one manufacturer in vitro. Exposed to scattered ra-
diation, the devices were interrogated every 10–50 Gy, and more soft-
ware errors were induced by 18 MV compared with 10 MV photon

beams. Hence, ICDs were suggested to be prone to software faults
even outside the RT field during high-energy photon RT.

Along with in vitro experiments, a number of case reports and case
series have been published as well (Tables 3 and 4 ). In terms of
malfunction rate, Gossman et al.44 reported device malfunctions in
4 (3.6%) out of 112 RT courses in PM/ICD patients. In a previous
cohort study, we found malfunctions in 14 (3.1%) out of 453 RTs.33

PMs malfunctioned in 2.5% of RT courses, compared with 6.8% in
ICDs, which seems to be comparable with a series by Makkar
et al.,31 where 2 (2.9%) ICDs out of 69 devices (50 PMs and 19
ICDs) suffered a partial reset after exposure to 1.23 and 0.04 Gy, re-
spectively. Soejima et al.30 reported on 62 patients (60 PMs and
2 ICDs) undergoing RT, where one PM (1.6% of all devices) reset
during exposure to scattered radiation during 15 MV photon RT.
This device malfunction seemed to only weakly correlate with radi-
ation dose, as the remaining devices were exposed to doses up to
20.7 Gy without exhibiting any evidence of failure.

In terms of severity and clinical consequences of RT-induced PM/
ICD malfunctions, removal of the device due to malfunction has
been described so far in five published cases (two PMs, three ICDs)
over the last two decades.50,55,60,67,69 Of note, the generators were
located outside the direct RT field in all of these patients, and no
lethalmalfunctionshavebeenreported. In anumberofotherpublished
PM/ICDmalfunctioncases, the devices were either successfully repro-
grammed or the effects were transient, permitting completion of the
RT.10,28–37,39,56,65,68 Although a PM/ICD is capable of delivering a
basic treatment to the patient after a reset, yet it may be inappropriate
for the patient to have the device running in this mode for a longer
period due to deprivation of atrioventricular synchrony, rate-adaptive
pacing, or biventricular pacing.37,38,73 Regarding PM-dependent
patients, while permanent or temporary loss of pacing during RT has
been described in in vitro experiments,34,46,47,51 this phenomenon has
not been reported in a clinical setting. Concerns have also been
raised regarding noise oversense during RT, potentially leading to in-
appropriate shock therapies in ICD patients, as demonstrated in vitro
by Hurkmans et al.51 So far, inappropriate tachycardia sensing
without shock therapy has only been reported in one ICD patient
undergoing RT to femur in a series (n ¼ 15) by Elders et al.10

Although RT may affect the function of the generator, the PM/ICD
leads are considered to be resistant to these effects.24 Only one
case report presented a course of RT where malfunction of an ICD
shock lead was suspected due to direct irradiation, leading to
device reimplantation.67

Predictors of device malfunction
The PM/ICD malfunctions seem to occur unpredictably as far as
radiation dose is concerned both in vivo10,26–30,33,68 and in vitro.46,47,51

Besides the effects of radiation dose, beam energy was demonstrated
to be associated with device malfunctions during RT. In 2009,
Gelblum and Amols described two cases of ICD resetting outside
the RT field in patients treated with 15 MV photons, while no
resets were observed during RT in the remaining 32 patients receiv-
ing 6 MV photons or electrons.29 In a study by Elders et al.,10 15 ICD
patientsunderwent17RT courseswith6–18 MVphotons,where six
episodes of malfunctions were only observed during indirect irradia-
tions with either 10 or 18 MV photons, suggesting the importance of

Figure 2 Pacemaker programmer message indicating a reset of
the device.
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of cardiac rhythm disorders. Over the past few decades, ad-
vances in technology and expanding clinical indications have
led to a substantial increase in CIED implantations [77–80].
As life expectancy continues to lengthen, it is increasingly
common to encounter patients with both cardiovascular dis-
ease and cancer. A subset of these patients will have a CIED
and require radiation therapy (RT). While there is generally
little impact with diagnostic radiation on CIED functionality,
damaging effects of external beam ionizing radiation have
been described, particularly when the device is within the
direct radiation beam, such as in patients with thoracic lesions
that are ipsilateral to the CIED generator (i.e., lymphoma,
breast or lung cancer) [5, 81].

The most commonly described manifestations of CIED
damage caused by RT are shown in Table 1. As demon-
strated in early studies, direct irradiation of the CIED, par-
ticularly beyond a certain cumulative dose, may cause de-
struction of the electrical components of the device.
Modern CIEDs are known to be less sensitive to ionizing
radiation, although cases of severe malfunction have been
described even with very low cumulative RT doses
[82–84]. ICDs appear more sensitive to ionizing radiation
than PPMs. These devices have the capability of delivering
therapy in the form of high-voltage shocks or anti-
tachycardia pacing (ATP), making them more vulnerable
to damage and errors induced by RT. Observed
malfunctions include increased arrhythmia detection and
capacitor charge time, as well as delays in therapeutic
shock delivery [85]. An in vitro study of 11 ICDs directly
irradiated with a 6-MV proton beam reaching a total dose
of 120 Grays (Gy) demonstrated sensing interference in
four devices which may have resulted in inappropriate
shocks [86].

Another common mechanism of CIED damage is scattered
radiation and neutron effects. RT can lead to the production of
thermal neutrons, which interact with CIED circuitry, produc-
ing α particles that disrupt the electrical charge and cause
damage to the random access memory (RAM) of the device.
This eventually causes data and memory errors, or CIED reset.
This effect is not typically due to the cumulative radiation
dose, but rather to the production of neutrons from high ener-
gy beams (i.e., >10 megavolts [MV]) [87, 88, 89•, 90]. In a
study of 42 patients treated with proton-beam therapy, six
malfunctions were observed, mostly device resets, in patients
treated with RT to the chest [81]. Another study showed ICD
malfunction in 5 out of 15 (29 %) patients with ICDs who
underwent RT, all errors occurring with beam energy greater
than 10MV [90]. Unfortunately, evenwhen placed outside the
direct beam area, CIEDs can still be subject to corruption of
RAM from scattered radiation, resulting in transient or perma-
nent changes in device programming. In addition, scattered
radiation at the periphery of the field can lead to electromag-
netic interference (EMI). Although this is typically transient
and relatively infrequent, EMI may lead to inhibition of pac-
ing, or triggering of inappropriate ICD therapy [86, 91, 92].

Despite these data, most patients with CIEDs tolerate RT
without complications. A recent case review study of 112
patients from 18 U.S. institutions reported a change in CIED
functionality in only 3 % of the patients, with dose exposure
limited to <2 Gy in 85 % of cases [93]. A recently published
single-center study from McMaster University evaluating 34,
706 patients undergoing RT between 2008 and 2012, revealed
a CIED prevalence of only 0.8 %. Among these patients, four
(1.5 %) experienced device malfunctions, consisting of one
power-on reset and three upper sensor-rate pacing. No serious
adverse clinical events were observed [94]. Finally, a recent

Table 1 CIED complications due
to radiation exposure Type of CIED failure Frequency

Permanent damage Rare

Early battery depletion Rare

Temporary loss of sensing Uncommon

Transient over-sensing, or EMI Uncommon

Temporary pacing inhibition Uncommon

Temporary loss of capture Rare

Temporary increase in pacing thresholds Uncommon

Very rapid pacing (Brunaway pacemaker^) Very rare

Temporary increased sensor rate, or change
in pacing rate

Common

Power-on reset, or reversion to safety mode Common, especially if neutron-producing RTa

Increase battery charge time (ICD), decreased
shock energy (ICD)

Rare, described at radiation dose above recommended
tolerance

Complete CIED failure (loss of output/sensing) Rare, described at radiation dose above recommended
tolerance

EMI electromagnetic interference
a High-energy beam (>10 MV photons)
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ABSTRACT
Because cardiovascular implantable electronic devices are increasingly
indicated in older patients, and the burden of cancer is rising with the
growth and aging of the world population, the management of patients
with cardiac devices who require radiotherapy for cancer treatment is a
timely concern. Device malfunctions might occur in as high as 3% of
radiotherapy courses, posing a substantial issue in clinical practice. A
nonsystematic comprehensive review was undertaken. We searched
PubMed and the MEDLINE database for randomized controlled trials,
meta-analyses, systematic reviews, observational studies, in vitro/
in vivo studies, and case reports. Articles were selected by 2 indepen-
dent reviewers, and emphasis was given to information of interest to a
general medical readership. The pathophysiology and predictors of
cardiovascular implantable electronic device malfunction due to
radiotherapy are reviewed, recommendations for the management of

R!ESUM!E
Puisque les dispositifs cardiovasculaires !electroniques implantables
sont de plus en plus recommand!es chez les patients âg!es et que le
fardeau du cancer augmente avec la croissance et l’âge de la popu-
lation, la prise en charge des patients porteurs de dispositifs
cardiaques qui ont besoin de radioth!erapie pour traiter un cancer
constitue un problème bien actuel. Le mauvais fonctionnement des
dispositifs qui repr!esenterait jusqu’à 3 % des s!eances de radioth!erapie
pose un problème de taille dans la pratique clinique. Nous avons
r!ealis!e une revue exhaustive, mais non syst!ematique. Nous avons
effectu!e des recherches dans les banques de donn!ees PubMed et
MEDLINE pour relever des essais cliniques à r!epartition al!eatoire, des
m!eta-analyses, des revues syst!ematiques, des !etudes observa-
tionnelles, des !etudes in vitro et in vivo et des observations. Deux
examinateurs ind!ependants ont s!electionn!e les articles et ont port!e

Because cardiovascular implantable electronic devices (CIEDs)
are increasingly indicated in older patients,1 and the burden of
cancer is rising with the growth and aging of the world
population,2 the management of patients with CIEDs who
require radiotherapy (RT) for cancer treatment is a timely
concern. In a 2015 study by Brambatti et al., nearly 1% of
34,706 consecutive patients receiving RT had a CIED (79%
pacemakers [PMs], 21% implantable cardioverter-
defibrillators [ICDs]).3 Furthermore, the number of patients
with CIEDs who present for RT is expected to increase.4

Radiation is known to potentially cause malfunctions in
CIEDs, from altered output stimulation and programming
resets, to device failure. Device malfunctions might occur in as
high as 3% of RT courses, posing a substantial issue in clinical

practice.5,6 An estimated 0.8% of all RT patients require a
modification in the RT approach because of PM/ICD in situ.5

The primary cause for concern stems from the inability to
consistently predict if related malfunction will occur; in
particular at what radiation dose/beam energy the failure will
become probable. Although manufacturers provide some
estimates of maximal safe energy exposure, the respective
tolerances of the generator, leads, and electrodes are not
known.7,8 Although CIEDs include implantable cardiovas-
cular monitors and implantable loop recorders, this literature
review will focus on PMs and ICDs. The purpose of this
review is to provide an evidence-based update of the patho-
physiology and predictors of CIED malfunction due to RT,
recommendations for the management of patients with
CIEDs undergoing RT, and a discussion on the clinical
significance of the problem.

Methods
This was a nonsystematic narrative review of patients with

CIEDs undergoing RT. We searched PubMed and the
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The 2017 Heart Rhythm Society (HRS) expert consensus
statement named the production of secondary neutrons,
associated with high beam energies, as the strongest predictor
of CIED malfunction.8 In a clinical study of 15 ICDs located
outside of the direct beam, Elders et al. identified that all
malfunctions (29%) occurred with 10- or 18-MV photon
beams. The authors hypothesized that neutron production
associated with high beam energy was responsible for the
malfunctions, and created a phantom model that confirmed
neutron production at the head of the linear accelerator at
beam energies of > 10 MV.16 Similarly, in a study of 69
patients (50 PMs, 19 ICDs) by Makkar et al., all malfunctions
occurred in high-energy (16 MV), neutron-producing radia-
tion (incidence of 6% for all CIEDs; 0% for PMs, 17% for
ICDs), and no malfunctions occurred in the low-energy
(6 MV), noneneutron-producing radiation.32 Likewise, in
the study by Grant et al., of 249 courses of RT, all of the
single-event upsets (21% of all CIEDs; 10% of PMs, 34% of
ICDs) occurred during neutron-producing radiation (> 10
MV).12 Furthermore, in 2 studies by Zaremba et al. that did
not focus on neutron production, beam energy ! 15 MV was
the most important predictor of malfunctions (odds ratio,
5.73) in a population-based cohort study,25 and devices
exposed to 18 MV photons had a 9 times higher risk of
malfunctions compared with 6 MV in an in vitro study.33

Much research, including in vivo studies and studies on the
basis of proton RT (as opposed to the more popular photon
RT), have supported that high beam energies and the
associated production of secondary neutrons are strongly
implicated in the malfunction of CIEDs.19,34-37

The first set of guidelines on the management of RT in
patients with PMs was published in 1994 by Task Group 34

of the American Association of Physicists in Medicine and
emphasized the potential adverse effects of radiation dose on
device malfunction. The report recommended " 2 Gy to any
part of the PM on the basis of device studies performed in the
1980s, which showed output failures with increasing amounts
of direct radiation dose.38 A 2017 study by Bagur et al. of 199
patients reported the total dose prescribed to the tumour as
the only independent predictor for CIED dysfunction (odds
ratio 1.19 for each increase in 5 Gy [95% confidence interval,
1.08-1.31]; P ¼ 0.0005).31 However, this study evaluated
only clinical characteristics, type of cancer, type of CIED, and
radiation dose, but did not consider beam energy or neutron
production.

In most recent research it has generally reported that
radiation dose does not correlate with device malfunction, as
shown by the wide range of doses at which devices fail within
studies. In an in vitro study by Mouton et al. on 96 PMs
irradiated with 18 MV photons, device failures were observed
at doses ranging from 0.15 to 170 Gy.21 An in vitro study by
Hurkmans et al. on 19 PMs exposed to 6 MV photons
reported the point of first malfunction at 10 Gy, whereas 5
PMs were irradiated to 120 Gy without malfunctions.39

Hurkmans et al. published another in vitro study on ICDs,
in which all 11 examined ICDs failed at doses from 0.5 to 120
Gy during irradiations with 6-MV photons.14 In a prospective
survey by Soejima et al. of 60 PMs and 2 ICDs, 1 PM mal-
function occurred during intensity-modulated radiation ther-
apy of 46-56 Gy to the prostate, where the device was not
within the field of radiation. The rest of the CIEDs interro-
gated were exposed to radiation doses reaching as high as
20.7 Gy (> 2 Gy of absorbed dose to the CIED in 6 cases)
without malfunction.40 Many other researchers have noted

Figure 1. Clinical malfunctions of implantable cardioverter-defibrillators (ICDs) and pacemakers (PMs) due to radiotherapy. A summary of cardio-
vascular implantable electronic device malfunctions due to radiotherapy reported by the 3 largest in vivo studies:3,12,25 (A) rate of malfunctions in
ICDs; (B) rate of malfunctions in PMs; (C) types of reported malfunctions in ICDs; and (D) types of reported malfunctions in PMs.
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Abstract
Purpose There are more than 200,000 Canadians living
with permanent pacemakers or implantable defibrillators,
many of whom will require surgery or invasive procedures
each year. They face potential hazards when undergoing
surgery; however, with appropriate planning and educa-
tion of operating room personnel, adverse device-related
outcomes should be rare. This joint position statement from

the Canadian Cardiovascular Society (CCS) and the
Canadian Anesthesiologists’ Society (CAS) has been
developed as an accessible reference for physicians and
surgeons, providing an overview of the key issues for the
preoperative, intraoperative, and postoperative care of
these patients.
Principal findings The document summarizes the limited
published literature in this field, but for most issues, relies
heavily on the experience of the cardiologists and anes-
thesiologists who contributed to this work. This position
statement outlines how to obtain information about an
individual’s type of pacemaker or implantable defibrillator
and its programming. It also stresses the importance of
determining if a patient is highly pacemaker-dependent
and proposes a simple approach for nonelective evaluation
of dependency. Although the document provides a com-
prehensive list of the intraoperative issues facing these
patients, there is a focus on electromagnetic interference
resulting from electrocautery and practical guidance is
given regarding the characteristics of surgery, electro-
cautery, pacemakers, and defibrillators which are most
likely to lead to interference.
Conclusions The document stresses the importance of
preoperative consultation and planning to minimize com-
plications. It reviews the relative merits of intraoperative
magnet use vs reprogramming of devices and gives exam-
ples of situations where one or the other approach is
preferable.

This article is published concurrently in the Canadian Journal of
Anesthesia and the Canadian Journal of Cardiology with the express
agreement of all authors as well as the editors of both journals.

This statement was developed following a thorough consideration of
medical literature and the best available evidence and clinical
experience. It represents the consensus of a Canadian panel comprised
of multidisciplinary experts on this topic with a mandate to formulate
disease-specific recommendations. These recommendations are aimed
to provide a reasonable and practical approach to care for specialists
and allied health professionals obliged with the duty of bestowing
optimal care to patients and families, and can be subject to change as
scientific knowledge and technology advance and as practice patterns
evolve. The statement is not intended to be a substitute for physicians
using their individual judgment in managing clinical care in
consultation with the patient, with appropriate regard to all the
individual circumstances of the patient, diagnostic and treatment
options available and available resources. Adherence to these
recommendations will not necessarily produce successful outcomes in
every case.
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retrospective study of 215 patients with CIEDs from MD
Anderson Cancer Center treated with RT between 2005 and
2014, demonstrated a 7 % device malfunction rate. All events
occurred at high-energy or neutron-producing RT doses (i.e.,
>10 MV). Based on these findings, the use of lower energy
photons or non-neutron producing beams is recommended in
CIED patients [89•].

In 1994, the American Association of Physicists in
Medicine (AAPM) published the first set of guidelines for
patients with PPMs [95]. In the following two decades, despite
several attempts at the formulation of universal recommenda-
tions for patients with CIEDs during RT, wide variations in
treatment strategies still exist among different centers [86, 96].
This may be due in part to a lack of updated information
available on a rapidly changing CIED technology, different
recommendations among device manufacturers as well as lim-
ited communication and planning between the cardiologist,
medical physicist and radiation oncologist. A recent national
audit conducted in Britain compared institutional policies
from all RT centers in the United Kingdom to a “gold stan-
dard” consisting of the AAPM guidelines and a recent update
for ICDs [95, 97]. The study demonstrated that guidelines
were followed in only 69% of cases [98]. A recent study from

the U.S. reported that 28 % physicians, including cardiac spe-
cialists (cardiologists, cardiac electrophysiologists, cardiotho-
racic surgeons) and radiation oncologists, were unfamiliar
with radiation dose limits for CIEDs [93].

Each of the major CIED manufacturers have published
recommendations for appropriate administration of RT in the
presence of an implantable device (Table 2); however, adher-
ence is variable [99–101]. Centers throughout the world have
started to adopt specific policies for the management of these
patients based primarily on AAPM guidelines as well as the
more recent recommendations from the Dutch Society of
Oncology and Radiotherapy [88, 95]. The most commonly
adopted recommendations from the literature are illustrated
in Table 3. Before initiating RT, it is recommended to estimate
the cumulative radiation dose to the device, taking all precau-
tions to minimize its negative effects. A pretreatment risk as-
sessment should be performed preferably with the support of
the cardiologist, after CIED interrogation. In general, direct
irradiation of the CIED should be avoided. As the device is
moved further from the radiation beam, the contribution of
peripheral scatter radiation becomes predominant, with the
risk being proportional to the proximity of the radiation field.
The use of shielding to reduce RT exposure has not been

Table 2 Primary CIED manufacturer recommendations on device management during RT

Manufacturer

Recommendation for RT Boston Scientific [99] Medtronic [100] St. Jude Medical [101]

Estimation of radiation
dose

Yes Yes Yes

Cumulative radiation dose
limit

PPM
ICD
CRT-D

None
None
None

All models: 5 Gy
1 Gy; Recent models: 3–5 Gy
All CRT-D models: 5 Gy

Nonea

Nonea

Nonea

Shielding Yes Does not protect from effects
of neutrons

Not mentioned

Position CIED outside RT
beam

Yes Yes Yes

Level of monitoring Patient-specific, determined by physician Evaluate marker channel
during initial RT session
to assess interference

ECG monitoring is advised

Programming
considerations

PPM
ICD/CRT-D

Use device-based telemetry. Consider
asynchronous pacing if pacer dependent

De-activate tachy therapy or place magnet
on CIED

Consider asynchronous pacing
if pacer dependent

De-activate tachy therapy or
place magnet on CIED

Consider asynchronous
pacing if pacer dependent.
Turn sensor to OFF or
PASSIVE for rate adaptive
PPMs

De-activate tachy therapy or
place magnet on CIED

Assessment of CIED after
RT completed

Yes, detailed CIED evaluation Yes, check for device resetb Yes, detailed CIED evaluation

Remote monitoring Yes, LATITUDE® when available Not mentioned Not mentioned

CIED cardiac implantable electronic device, AED automated external defibrillator, ICD implantable cardiac defibrillator, ECG electrocardiography, Gy
gray, RT radiotherapy, MV megavolts
aManufacturer reports that current devices have been tested up to 30Grays without adverse effects, but testing was not performedwith high dose sources
such as linear accelerators
b For ICD or CRT-D patients, if alert tone is heard after placing a magnet over CIED, electrical reset has occurred and device should be checked. For PPM
patients, if pacing rate is 65 bpm after placing a magnet over CIED, electrical reset has occurred
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Because cardiovascular implantable electronic devices (CIEDs)
are increasingly indicated in older patients,1 and the burden of
cancer is rising with the growth and aging of the world
population,2 the management of patients with CIEDs who
require radiotherapy (RT) for cancer treatment is a timely
concern. In a 2015 study by Brambatti et al., nearly 1% of
34,706 consecutive patients receiving RT had a CIED (79%
pacemakers [PMs], 21% implantable cardioverter-
defibrillators [ICDs]).3 Furthermore, the number of patients
with CIEDs who present for RT is expected to increase.4

Radiation is known to potentially cause malfunctions in
CIEDs, from altered output stimulation and programming
resets, to device failure. Device malfunctions might occur in as
high as 3% of RT courses, posing a substantial issue in clinical

practice.5,6 An estimated 0.8% of all RT patients require a
modification in the RT approach because of PM/ICD in situ.5

The primary cause for concern stems from the inability to
consistently predict if related malfunction will occur; in
particular at what radiation dose/beam energy the failure will
become probable. Although manufacturers provide some
estimates of maximal safe energy exposure, the respective
tolerances of the generator, leads, and electrodes are not
known.7,8 Although CIEDs include implantable cardiovas-
cular monitors and implantable loop recorders, this literature
review will focus on PMs and ICDs. The purpose of this
review is to provide an evidence-based update of the patho-
physiology and predictors of CIED malfunction due to RT,
recommendations for the management of patients with
CIEDs undergoing RT, and a discussion on the clinical
significance of the problem.

Methods
This was a nonsystematic narrative review of patients with

CIEDs undergoing RT. We searched PubMed and the
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Salerno et al. of international guidelines (summarized in
Fig. 2).23,45,54

Despite the fact that these recommendations on the basis
of risk stratification have not been proven in practice or in
trials,17 they are consistent with expert consensus within the
literature.3,8,49,57

The importance of ongoing collaboration and communi-
cation between the oncology and cardiology departments has
been highlighted throughout the literature.23,49,58 Device
interrogation should be conducted before and after RT
treatment, as well as serial interrogations throughout, to assess
for the need to reprogram or replace the PM.17,35 In a study
by Zaremba et al., 1.5% of patients with CIEDs undergoing
RT required device reprogramming.25 However, evidence is
lacking to define an appropriate CIED evaluation frequency.8

Because malfunctions mainly consist of resets, frequent CIED
evaluations might be abandoned, reduced, or replaced by
remote monitoring in favour of the comfort of the patient.6

Generally, weekly complete CIED evaluations are recom-
mended for patients undergoing neutron-producing treat-
ment.3,12,25,32 Weekly complete CIED evaluation might be
suitable for patients undergoing noneneutron-producing
treatment who are pacing-dependent because of the higher
risk of clinical consequences from an electrical reset.3,32

Reprogramming the device or the application of a magnet
can be used to inactivate the antitachycardia functions of
ICDs, at least during the initial RT fractions, or induce
asynchronous stimulation, which might be appropriate in
PM-dependent patients.23,43-45,54,55 Asynchronous pacing
must be used with caution, because competitive stimulation
against the intrinsic heart rhythm can cause malignant ven-
tricular arrhythmias (R on T phenomenon).54 In practice,

Brambatti et al. reported that 14.6% of the patients had
CIED programming,3 and Zaremba et al. reported that a
magnet was applied to 10.8% of all ICDs.25 However,
Brambatti et al. did not observe any CIED-related compli-
cations after magnet applications were discontinued in all
patients.3

It has been previously recommend to use a lead apron on a
pulse generator.49,56,59 On average, the use of the lead shield
reduces the radiation dose to CIEDs by 19% ! 13%.60

However, newer publications advise that all shielding of the
device should originate from the linear accelerator rather than
from additional shielding with lead.24,44,55

Other general suggestions include using different beam
angles (including noncoplaner beam arrangement), asymmetric
jaws (toward the PM end to reduce the effect of divergent
beam), blocks, multileaf collimators, and wedges wherever
appropriate. In contrast, equipment liable to produce electro-
magnetic interference, such as electronic portal vision devices,
beam gating, and in-room accessories including breath control
systems should be avoided.49,50

Safety recommendations: after radiotherapy. Complete
CIED evaluation should be performed at the conclusion of
the course of RT.3,12,25,32,49,51,52 Further device interrogation
should occur at 1, 3, and 6 months after the end of RT
because of the risk of latent damage.23,54

Clinical significance of CIED malfunction due to
radiotherapy

In the aforementioned in vitro study by Mouton et al. that
irradiated PMs up to 200 Gy, the following potentially lethal

Figure 2. Recommendations for the Management of Patients with Cardiovascular Implantable Electronic Devices Undergoing Radiotherapy by Risk
Stratification. A summary of the recommendations for the management of patients with pacemakers or implantable cardioverter-defibrillators (ICD)
undergoing radiotherapy based on the cumulative radiation dose to the device and pacing dependency. ECG, electrocardiogram. Modified from
Gauter-Fleckenstein et al,23 Hurkmans et al,45 and Salerno et al,54 with permission from Springer.
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