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The QT interval is measured from the beginning of the QRS
complex to the end of the T wave on a surface electrocardiogram
and represents the period from onset of depolarisation to
completion of repolarisation of the ventricular myocardium.1
The interval varies greatly and is affected by age, sex,
sympathetic tone, and diurnal pattern.2 Because it increases as
heart rate falls, measurements of QT interval are usually
corrected for heart rate (QTc). Several methods have been used
(box 1) but, as the relation between QT interval and heart rate
varies between individuals, guidelines recommend use of linear
regression functions such as the Framingham rather than the
Bazett or Fridericia method.4
Measurement of the QT interval is not straightforward and is
associated with considerable intraindividual and interindividual
variability. There is currently no agreed consensus on how to
measure the QT interval in patients with broad complex
ventricular conduction abnormalities or paced ventricular
rhythm, and measurement in patients with atrial fibrillation
requires special consideration. The QT interval also differs
between electrocardiograph (ECG) leads, and it is unclear
whether normal values—historically derived from single lead
measurements—relate directly to those obtained from multi-lead
ECG recordings. In addition, details of algorithms used in
semi-automated ECG machines are not always readily available.
QTc intervals of 450 ms and 460 ms are generally accepted as
the upper limits of normal for adult men and women,
respectively.4

Although QT prolongation is associated with torsades de pointes
(TdP) and sudden cardiac death,5 it is an imperfect predictor.
Many patients with prolonged QT never experience TdP,
whereas many who experience TdP have a normal QT before
the episode. Similarly, some drugs (eg amiodarone) can
markedly prolong QT but are rarely associated with TdP.5 Both
the QT interval and increase in QT duration predict the risk of
developing TdP. Each 10 ms increase in QTc is associated with
a 5-7% increase in the risk of developing TdP6; and when the
absolute QTc is >500 ms, the risk of TdP is generally regarded
as markedly increased and intervention considered necessary.7

Conditions that affect the QT interval
A variety of genetic and acquired conditions can cause QT
prolongation. Some congenital long QT syndromes (LQTS),
such as Romano-Ward syndrome and Jervell and Lange-Nielsen
syndrome, have long been recognised to be associated with a
high risk of arrhythmia and premature sudden death.8 These
syndromes are caused by mutations predominantly in genes
encoding potassium and sodium channels that help regulate the
duration of the cardiomyocyte action potential. The mutations
contribute to delayed cardiac repolarisation and increased risk
of arrhythmia. Variants of at least 13 separate genes have been
shown to cause LQTS, but those underlying LQTS types 1-3
(KCNQ-1, KCNH-2, and SCN-5A) account for about 90% of all
genotype positive cases.9 These classic forms of LQTS are
typically associated with different abnormal T-wave
morphologies on ECG and arrhythmic triggers (eg sleep,
exercise, sudden loud noises). A clinical history of presyncopal
and syncopal symptoms (eg palpitations, chest pain, dyspnoea)
and a family history of sudden cardiac death may be used to
support the diagnosis of LQTS. Patients with such symptoms
and history, or those with QT prolongation, should be referred
for specialist investigation. If a diagnosis of LQTS is confirmed,
patients should be offered counselling, risk stratification,
screening of family members, drug therapy (eg β blockers) and,
where appropriate, be considered for cardiac sympathetic
denervation or an implantable cardiac defibrillator. Gene specific
management is based on the underlying genetic profile.10

Congenital LQTS is rare, with an estimated prevalence of about
one in 2000 infants,9 and drugs are the most common cause of
prolonged QT (box 2). Even so, drug induced QT prolongation
and TdP are relatively uncommon.16 Furthermore, TdP is a rarely
reported adverse drug reaction, with one study estimating that
drug related TdP represented about one in 700 reported adverse
drug reactions.16

Drugs that can cause QT
prolongation2 3 7 11-15
Other than a drug itself, various factors increase or amplify the
risk of drug induced QT prolongation and TdP (box 3). Most
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Box 1: Formulae used to correct the QT interval for heart rate3
Bazett Method: QTc=QT/(√RR)
Fridericia method: QTc=QT/(RR/3)
Framingham method: QTc=QT+0.154(1-RR)

RR, the interval between two successive R waves.

Box 2: Drugs that can cause QT prolongation2 3 7-15
Anti-arrhythmic drugs
Amiodarone, disopyramide, dronedarone, flecainide, sotalol

Other cardiac drugs
Ranolazine, macrolides (eg erythromycin, clarithromycin, azithromycin), quinolones (eg levofloxacin, moxifloxacin)

Antifungals
Fluconazole, ketoconazole

Antimotility and antiemetic agents
Domperidone, granisetron, ondansetron

Antimalarials
Quinine, chloroquine

Antihistamines
Hydroxyzine

Antipsychotics
Chlorpromazine, clozapine droperidol, fluphenazine, haloperidol, olanzapine, pimozide, paliperidone, quetiapine, risperidone

Antidepressants
Amitriptyline, citalopram, escitalopram, dosulepin doxepin, fluoxetine, imipramine, lofepramine

Miscellaneous
Methadone, antiretrovirals (eg foscarnet), protein kinase inhibitors (eg sorafenib, sunitinib)

clinical cases of drug induced QT prolongation occur in the
presence of at least one of these risk factors, with over 70%
occurring in the presence of two or more risk factors.17

How do drugs affect QT?
Most drugs that prolong QT do so through inhibition of the
rapid component of the delayed rectifier potassium (IKR)
channel, encoded by the human ether-a-go-go related gene
(hERG), which is affected in LQTS type 2.18 However, drug
induced QT prolongation is not specific to inhibition of the IKR
current, as not all drugs that block this current cause TdP.
In general, the risk of drug induced QT prolongation is directly
related to the dose and plasma concentration of the drug.
Pharmacokinetic and pharmacodynamic interactions can also
cause QT prolongation.8 Drug-drug interactions that inhibit drug
metabolism may increase the plasma concentration of the
affected drug and precipitate QT prolongation. Similarly, QT
prolongation may occur when two drugs have an additive effect.
Differences in individual susceptibility to QT prolongation may
relate to specific genetic factors.19

Minimising the risks of drug induced QT
prolongation
Screening during drug development

The International Council for Harmonisation of Technical
Requirements for Pharmaceuticals for Human Use, which
includes drug regulatory authorities and drug companies in
Europe, Japan, and the United States, has published guidance
for monitoring the effect on QT through preclinical and clinical
For personal use only: See rights and reprints http://www.bmj.com/permissions

phases of drug development.20 21 Potential new drugs are
routinely screened in preclinical development for interaction
with the hERG encoded potassium channel with in vitro and in
vivo studies.20 In the early clinical phase of drug development,
a “thorough QT/QTc test” is undertaken to determine a drug’s
effect on QT and the dose-response association of any effect
detected.21 This often involves testing the drug at therapeutic
and supratherapeutic doses, with comparisons made against
placebo as well as active controls with known QT prolonging
properties. A positive result is recorded when the upper limit
of the 95% one sided confidence interval for the largest time
matched placebo corrected mean effect of the drug on the QTc
exceeds 10 ms. Generally, a positive QT/QTc test will almost
always lead to a requirement by regulatory authorities for
expanded ECG monitoring and safety evaluation during later
stages of development.

Regulation and postmarketing surveillance
At a regulatory level, judgments have to be made about the
degree of QT prolongation, risk of life threatening arrhythmia,
and clinical benefits associated with a drug. The risk-benefit
assessment is influenced by the size of the prolongation in the
QT/QTc interval, whether the effect occurs in most patients or
only in certain defined outliers, and the utility and feasibility
of risk management options.20 Generally, a mean prolongation
in QTc of 5 ms is considered the threshold of concern, with a
prolongation >20 ms considered to be associated with a
substantial likelihood of the drug being proarrhythmic.
Irrespective of the degree to which a drug prolongs the QT/QTc
interval, decisions to grant marketing authorisation for a drug
depend on several factors: morbidity and mortality associated
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Box 3: Risk factors for torsades de pointes with drug induced QT prolongation3 6 7 12
Demographic
Female sex, advanced age

Biochemical
Electrolyte disturbances (eg hypokalaemia)

Genetic
Genetic predisposition, ion channel abnormalities

Systemic conditions
Hepatic impairment, renal impairment

Cardiac
Occult long QT syndrome, bradycardia, baseline QT prolongation, recent cardioversion with QT prolonging drug, underlying heart disease
(heart failure, left ventricular hypertrophy, myocardial infarction)

Drug therapy
Concurrent use of more than one QT prolonging drug, concurrent diuretic therapy, digoxin, rapid rate of intravenous infusion of QT
prolonging drug, high concentration of QT prolonging drug

with the untreated disease; the demonstrated benefits of the
drug—especially when compared with other therapeutic options;
the overall benefit of the drug; whether the drug has clear
advantages over existing drugs; and whether available
therapeutic options meet the needs of most patients. Where
drugs with the potential to prolong QT offer sufficient benefit,
appropriate warnings and monitoring requirements are specified
in the summary of product characteristics.

Clinical trial programs are not usually large enough to determine
most unwanted adverse effects, including the proarrhythmic
potential of a drug with modest QT prolonging effects.
Postmarketing surveillance is therefore crucial to an ongoing
assessment of risk of TdP and cardiac arrhythmia with drugs
that have the potential to prolong QT. In fact, QT prolongation
is one of the main reasons for withdrawal of drugs from markets
across the world (eg astemizole, cisapride, grepafloxacin,
terfenadine, and thioridazine).

Minimising risks in clinical practice
Few recommendations exist for managing the risk of drug
induced QT prolongation. Precise estimates of relative and
absolute risks of QT prolongation and TdP with individual drugs
are not readily available. Although some information is available
in the BNF and summaries of product characteristics, we are
not aware of any regularly updated UK based list of drugs
associated with QT prolongation. In the US, lists of drugs that
have a risk of QT prolongation and cardiac arrhythmia are
maintained on the CredibleMeds website, under a contract with
the Food and Drug Administration (https://crediblemeds.org/
healthcare-providers/; registration on the CredibleMeds site is
required so that users can be notified when the lists have been
revised).
QT prolonging drugs should not be used in patients with
congenital LQTS. When they are used in patients without
inherited LQTS but who are at risk of QT prolongation, patients
should be educated on the common symptoms of cardiac
arrhythmias, such as dizziness, palpitations, and syncope, and
advised on when to seek medical attention.7
Before starting a QT prolonging drug, patients should be
assessed for risk factors for QT prolongation and their overall
risk of drug induced QT prolongation. The evaluation should
include risk factors for inherited LQTS (see box 3) and
concomitant drugs that might interact and increase the risk of
QT prolongation. An assessment of the risk-benefit balance of
For personal use only: See rights and reprints http://www.bmj.com/permissions

initiating the QT prolonging drug should be carefully made. If
possible, modifiable risk factors for QT prolongation (eg
electrolyte abnormalities) should be corrected. Where a patient
has a high risk of drug induced QT prolongation or is already
taking a drug that can enhance QT prolongation, an alternative
drug not known to prolong QT should be prescribed instead.

There is no agreed consensus on when to undertake ECG
monitoring and follow-up for patients started on drugs with the
potential to prolong QT. It has been estimated that about 16 000
screening ECGs are needed to identify a single case of
asymptomatic long QT syndrome.22 Therefore, while it is
probably impractical to perform an ECG before prescribing a
drug that may prolong QT (particularly in primary care), it is
prudent to consider baseline ECGs on a patient by patient basis.
For instance, where the risk of drug induced QT prolongation
is deemed high (eg where use of an alternative non-QT
prolonging drug is not possible in a patient at risk of drug
induced QTc prolongation), an ECG should be performed both
at baseline and when the added drug reaches steady state. Where
a QT prolonging drug is associated with a QTc of 470-500 ms
in men, 480-500 ms in women, or an increase in QTc ≥60 ms,
dose reduction or discontinuation is advised. If the QTc reaches
or exceeds 500 ms, the drug should be discontinued, the ECG
repeated, and specialist advice sought.7

Conclusion
The QT interval is a key part of the surface ECG, and when
prolonged it is associated with a potentially fatal cardiac
arrhythmia—TdP. Several rare inherited LQTS can cause
prolongation of QT, but it is more often caused by drugs,
typically in the presence of additional risk factors for QT
prolongation. Although measurement of the QT interval can be
problematic, it is required by regulatory agencies when
determining and managing the risk of drug induced cardiac
arrhythmias during drug development, and in subsequent clinical
practice. However, it is of concern that there is no readily
accessible and regularly updated UK based list of drugs that
prolong the QT interval.

Patients should be assessed for the risk of QT prolongation
before being started on a QT prolonging drug. Risk factors such
as electrolyte disturbances should be corrected and potential
drug interactions that might enhance the risk of QT prolongation
avoided. Where there is a serious risk of QT prolongation from
a particular drug, an alternative drug that has not been show to
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prolong QT should be prescribed instead. QT prolonging drugs
should be avoided in patients with inherited LQTS. Patients at
risk of drug induced QT who need to be started on a drug with
potential to prolong QT should have a baseline and follow-up
ECG, be provided with information on the common symptoms
of cardiac arrhythmias, and be advised when to seek medical
attention if they experience such problems.
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