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One of the more challenging aspects of ECG interpre-
tation is measurement and interpretation of the QT
interval. This interval represents the time taken for
the ventricles to completely repolarise after activation.
Abnormal prolongation of the QT interval can lead to
torsades de pointes, a form of potentially life-
threatening polymorphic ventricular tachycardia (VT).
Detection of a prolonged QT interval is essential as
this can be a reversible problem, particularly in the
context of the use of a variety of commonly prescribed
medications in the hospital setting. Automated ECG
printouts cannot be relied upon to diagnose QT inter-
val prolongation; thus, the onus is on the clinician to
identify it. This is a difficult task, as the normal QT
interval is typically measured relative to the heart rate.
Therefore, the QT interval often requires Bcorrection^
for the current heart rate, in order to correctly stratify
the risk of torsades de pointes. A wealth of correctional
formulae have been derived, but none has proven su-
perior. We present an approach to the ECG in this
context, and a step-by-step guide to manually mea-
suring and correcting the QT interval, and an ap-
proach to management in common hospital-based
clinical scenarios.
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INTRODUCTION

The QT interval represents the duration of time taken from the
onset of ventricular depolarisation to the end of ventricular
repolarisation as seen on the electrocardiogram (ECG, see Fig.
1). This translates to the very beginning of the QRS complex, to
the end of the T wave. Prolongation of the QT interval is
associated with torsades de pointes (TDP), a form of polymor-
phic ventricular tachycardia which, in certain cases, can lead to

fatal ventricular fibrillation. Prolongation of the QT interval has
also been associated with an increased risk of atrial fibrillation.1

Additionally, the normal limit for the QT interval varies with
heart rate. During tachycardia, the QT interval decreases, and in
bradycardia, it lengthens. Thus, there is a requirement to
Bcorrect^ the QT interval, particularly in hospital settings where
the resting heart rates of patients may not be normal. The
corrected QT interval is known as QTc, and it is prolongation
of the QTc, rather than the QT, that determines the risk of TDP.
The QTc is prolonged in patients with congenital long QT

syndrome (CLQTS). CLQTS includes sixteen identified ge-
netic abnormalities that give rise to abnormal myocardial
repolarisation. The management of CLQTS includes avoid-
ance of classic arrhythmia triggers, particularly swimming or
water sports. Beta blocker therapy is themainstay of treatment,
and the use of implantable cardioverter/defibrillators is neces-
sary in selected patients assessed to be at high risk of TDP.2

Long QT syndrome may also be acquired in the setting
of cardiomyopathy, myocardial ischaemia, severe intracra-
nial injury, electrolyte abnormalities and several medica-
tions including, but not limited to, various antimicrobials,
antipsychotics, antidepressants, antiarrhythmics and anti-
emetics (Table 1). Thus, risk stratification of patients with a
prolonged QTc is a common challenge in hospital practice.
The evaluation of the QT interval requires:

1. Selection of the appropriate ECG lead
2. Accurate manual measurement of the QT interval
3. Correction for the heart rate by application of an

established formula OR comparison to a nomogram

Evaluation of the QT interval is contentious due to the
following factors:

& ECG machine measurements of the QT interval are often
inaccurate

& Variable descriptions exist on the technique of measure-
ment of the QT interval

& The lack of a universally accepted formula for correction

This article will address the above and provide a guide for
general physicians, junior doctors and other medical practi-
tioners for QT interval measurement, interpretation and man-
agement of prolongation.
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NORMAL AND ABNORMAL VALUES

In the absence of a broad QRS complex, which may be seen in
bundle branch blocks and paced rhythms, the 99th percentile
of the QTc is 470 milliseconds (ms) for men and 480 ms for
women.3 It is generally accepted that a QTc above 500 ms is a
risk factor for TDP.

INACCURACIES OF QT MEASUREMENT

The majority of ECG machines provide an automated calcu-
lation of several ECG parameters including the raw and
corrected QT interval. Large studies have shown the sensitiv-
ity of automated ECG algorithms to be below 50% for detect-
ing prolonged QT intervals.4, 5 Studies comparing manual

Figure 1 The tangent technique for determining the end of the QT interval. Adapted from Postema et al.10

Table 1 Commonly Used Medications and Their Risk of Torsades de pointes (TDP)

Medication class Known risk of TDP Conditional risk Possible risk QT neutral

Antiarrhythmics Sotalol
Disopyramide
Flecainide
Procainamide

Amiodarone*
Propafenone

- Mexiletine

Antipsychotics Haloperidol
Iloperidone
Ziprasidone
Quetiapine

Olanzapine Risperidone
Aripiprazole

Lurasidone

Antidepressants Escitalopram
Citalopram
Tricyclic antidepressants

- Venlafaxine Sertraline

Antibiotics Azithromycin
Ciprofloxacin
Levofloxacin
Moxifloxacin
Clarithromycin
Erythromycin
Roxithromycin
Pentamidine

Mefloquine
Norfloxacin

Metronidazole
Piperacillin/
tazobactam

Aminoglycosides
Beta lactams
Daptomycin
Trimethoprim
Fosfomycin
Glycopeptides
Lincosamides
Linezolid
Nitrofurantoin
Rifamycins
Tetracyclines

Antifungals Fluconazole
Pentamidine

Itraconazole
Ketoconazole
Posaconazole
Voriconazole

Amphotericin B Echinocandins (anidulafungin,
caspofungin, micafungin)
Flucytosine
Pentamidine

Antiemetics Domperidone
Ondansetron
Prochlorperazine

Metoclopromide Cyclizine
Promethazine
Hyoscine hydrobromide
Levomepromazine
Aprepitant

Antihistamines Loratadine
Dimenhydrinate

Hydroxyzine Diphenhydramine Brompheniramine
Cyclizine
Cyproheptadine
Dexchlorpheniramine
Diphenhydramine
Doxylamine
Pheniramine
Promethazine

*While amiodarone has been classified in the known risk category,49 the available evidence supports it being in the conditional risk category50
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with computerised calculation have returned findings favouring
manual assessment by trained observers;6 however, in a large
study of 902 physicians, less than 50% of cardiologists and less
than 40% of other physicians were able to correctly identify a
prolonged QT interval.7 Thus, it is imperative that clinicians are
able to measure the QT interval correctly, given the inaccuracies
of automated measurement.

MANUAL MEASUREMENT OF QTC

Text Box 1. The three steps required to correctlymeasure theQTc

1. Select the appropriate ECG lead (usually II or V5)
2. Manually measure the QT interval (the duration from the start of the
QRS complex to the end of the T wave)
3. Apply a correctional formula or use the QT nomogram to adjust for
the current heart rate

Selection of the Appropriate Lead

The QT interval will vary depending on which ECG lead is
examined. This difference, termed QT dispersion, can range

up to 60 ms in some individuals.8 It has been recommended
that gold-standard QT calculations be based upon the average
of all 12 leads; however, this is not a practical solution. Lead II
has been conventionally used alone for QTc calculations.8 If
the T wave is too flat to measure in lead II, then lead V5 is
often used. The American Heart Association recommends
using the lead with the most clearly defined Twave.9 Regard-
less of which lead is selected, this must be kept constant when
reviewing serial ECGs of the patient.

Measurement of the QT interval

The QT interval should be measured from the start of the QRS
complex to the end of the T wave. If no ruler is available, a
simple method is by counting squares. Each small square on a
standard ECG corresponds to 40 ms, and thus by using half
squares, the precision of this method can be as close as 20 ms.
The determination of the end of the T wave is difficult, as

the T wave may often flatten towards its end. For this reason,
several authors have supported the use of a Btangent
technique^ (see Fig. 1), where the steepest part of the T wave
curve intersects the baseline.10

Figure 2 Flowchart for an approach to correcting QT interval. The asterisk indicates Framingham and Hodges formulae can be used in any of
these situations, but are complex equations and have been omitted from this flowchart for simplicity. HR, heart rate in beats per minute.
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CORRECTION OF THE QT INTERVAL

While several correctional formulae exist, none has proven
superiority. Figure 2 illustrates options for which formula to use.

The most widely used formula for calculating the QTc is the

Bazett formula, given byQTcB ¼ QT
ffiffiffiffiffi

RR
p where RR denotes the

length of time between the QRS complexes (the RR interval). It
is commonly abbreviated to QTcB. Despite being criticised for
inaccuracy at heart rates outside the normal range,11, 12 this
classical formula remains in use due to the lack of a univer-
sally accepted alternative. It is often reported on automated
printouts from ECG machines.
There are several alternatives to the Bazett formula, but

none of these has proven to be superior. They are summarised
in Table 2.

The Nomogram

A nomogram (Fig. 3) has been developed where the heart rate
and the uncorrected QTcan be plotted. A point plotted above a
pre-defined line is associated with a higher risk of TDP. The
nomogram, if available, is the simplest method of QT interval
interpretation, as there is no need to apply any formulae. The
nomogram has been compared with the Bazett formula and
has been shown to have equivalent sensitivity and specificity
in a systematic review of 129 cases of TDP13, and was less
likely to generate false positive results in two retrospective
studies.14, 15 The nomogram is not referenced in major guide-
lines, however, perhaps owing to a lack of prospective predic-
tive studies.

Prolonged (broad) QRS complex

In the setting of a broad QRS complex, such as in a bundle
branch block or a paced rhythm, the QT interval is likely to be

prolonged. The simplest and most convenient formula in this
case is the Bogossian formula:

QTc ¼ QT−0:5� QRS durationð Þ

Atrial Fibrillation

There remains no consensus strategy on the measurement of the
QT interval in atrial fibrillation. This difficulty is due to the
constant flux in heart rate. A technique of averaging the QT for
five consecutive beats in the ECG has been proposed, although
this would be time-consuming for the clinician.16 A Bhalf R-R
interval^ method is sometimes used where it is stated that if the
QT (uncorrected) is less than half of the R-R interval, then the
QTc will not be prolonged. This rule has been shown to have
100% sensitivity when the heart rate is 60 beats per minute or
above, but it is poorly specific.11 Therefore, if the QT is longer
than half the R-R interval, further examination is necessary, as
the QTc may still be normal. Thus, it may be appropriate to
initially screen the QT interval for five beats with the half R-R
rule, due to its ease of use and high sensitivity. If the QTexceeds
half the R-R interval, we would recommend using a correction-
al formula that is less dependent on heart rate (e.g. Hodges or
Framingham formulae).

MANAGEMENT OF A PROLONGED QTC

Once a prolonged QTc (> 500 ms) has been identified, the
management of the patient will include the following:

1. Consideration of the underlying cause—which may
include congenital long QT syndrome, cardiomyopathy
or severe intracranial disease.

2. Identification of any medications that may have contrib-
uted, and cessation, substitution or dose reduction where

Table 2 Methods for Correction of the QT Interval

Formula Equation Strengths Limitations When to use

Bazett QTc ¼ QT
ffiffiffiffiffi

RR
p • Simplest formula

• Widely accepted and
used

• Tendency to over-diagnose long QT as
it overcorrects at high heart rates and
undercorrects at low heart rates

• Best used when HR is
between 50 and 70 bpm55

Fridericia QTc ¼ QT
ffiffiffiffiffi

RR3p • More accurate than
Bazett formula at
abnormal heart rates

• Tendency to overcorrect at high heart
rates (i.e. over-diagnosis of long QT)

• Useful in bradycardic
patients (HR < 50 bpm)

Framingham QTc =QT + 0.154 (1 − RR) • Less affected by
abnormal heart rate

• Complex formula • In any patient, especially if
heart rate is < 50 bpm or > 70
bpm

Hodges QTc ¼ QT þ 105 1
RR−1

� �

• Least affected by
abnormal heart rate56

• Complex formula • In any patient, especially if
heart rate is < 50 bpm or > 70
bpm

Nomogram Not applicable (see Fig. 3) • Designed for use with
abnormal heart rates

• Needs to be physically or digitally
available at point of care
• Difficult to apply to serial testing

• Patients with abnormal heart
rates
• Well described in toxicology
and overdose

The “Half R-
R” method

If QT is less than half the
RR interval, it is normal

• No calculation
required

• Non-quantitative
• If the QT is greater than half the RR
interval, it may still be normal
• Cannot be used at HR < 60 bpm

• Useful as a “screening” test,
especially in AF but not as a
true diagnostic test.

RR, the R-R interval, measured in seconds; HR, heart rate; AF, atrial fibrillation
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appropriate (see the BMedication Management
Scenarios^ section).

3. Checking electrolyte levels, with replacement where
required. Depletion of potassium, magnesium and
calcium may cause or exacerbate the QTc prolongation.

4. Inpatient telemetry where possible, and daily ECGs until
the QTc has normalised. Care must be taken to use the
same lead and correctional formula for serial ECGs.

This approach is summarised in Figure 4.

MEDICATION MANAGEMENT SCENARIOS

A table of common drugs that prolong the QT interval is pre-
sented in Table 1. This list is not exhaustive, as there are over 250
medications that have demonstrated the potential to lengthen the
QT. Conditional risk implies that TDP has been reported to occur
only in the presence of another factor or drug that prolongs the
QTc. Possible risk means that QTc prolongation has been dem-
onstrated, but an association with TDP has not been proven. Of
note, any patient diagnosed with congenital long QT syndrome
should never be prescribed any of the agents that increase risk.

Antibiotics

The two main classes of antibiotics that prolong the QTc are
macrolides and quinolones. These agents typically offer
broad-spectrum coverage of atypical and resistant infections.
If a prolonged QTc has developed, then the agent should be
substituted, as dose reduction may not provide effective anti-
microbial activity. Selection of an alternative agent should be
guided by appropriate culture and sensitivity testing where
possible, as well as local guidelines and expertise.
Of the macrolides, azithromycin,17, 18 clarithromycin,19, 20

erythromycin21, 22 and roxithromycin23 have all been shown
to prolong the QT interval. Doxycycline, a tetracycline antibi-
otic, should be considered to replace azithromycin or
roxithromycin for treatment of atypical pneumonia. If used

for treatment of Helicobacter pylori, alternative salvage ther-
apy options are available which include metronidazole or
rifabutin rather than clarithromycin.24 The treatment of myco-
bacterial infections is complex, and an alternative regimen
should be discussed with an appropriate specialist.
The quinolones demonstrated to prolong the QTc include

ciprofloxacin,25 levofloxacin,26 moxifloxacin27 and
ofloxacin.28 Norfloxacin has only been attributed to a possible
risk.29 Quinolones primarily target gram-negative bacilli in-
cluding Pseudomonas aeruginosa; however, gentamicin and
piperacillin-tazobactam have a well-established role in treat-
ment of this, and other gram-negative infections, and hence
may be reasonable alternatives.24

Antifungal Agents

QT prolongation with antifungal agents presents a difficult
clinical scenario. All azoles may increase the risk of QT
prolongation.30 Safer agents include echinocandins (e.g.
anidulafungin, caspofungin, micafungin) for severe fungal
infections, with flucytosine and amphotericin B as alterna-
tives,24 although resistance patterns of the culprit organism
are often variable and these may not be appropriate.

Antiemetics

Nausea is a common symptom in hospitalised patients. Mul-
tiple antiemetic medications have been associated with TDP
including domperidone,31 , 32 ondansetron,31 and
prochlorperazine.33 Metoclopramide is considered to be of
conditional risk.29 QT-neutral alternatives can be prescribed,
depending on the context and aetiology of the symptoms.
These include cyclizine, promethazine, hyoscine bromide,
levomepromazine and aprepitant.

Antihistamines

Two antihistamines, aztemizole and terfenadine, have been
removed from the US market due to concerns regarding
TDP.29, 34 Currently used drugs that may prolong the QTc

Figure 3 The QT nomogram. Adapted from Chan et al.15
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include dimenhydrinate 35 and hydroxydine.36 Loratadine has
been reported as having a safe profile in this regard.37 Other
safe alternatives for consideration include brompheniramine,
cyclizine, cyproheptadine, dexchlorpheniramine, doxylamine
and promethazine.

Opioid Dependence

Methadone, particularly in high doses, has been associated
with QT prolongation.38 In patients who have been stabilised
on methadone to treat opioid dependence, substitution to an
alternative agent can be challenging. Dose reduction should be
the initial consideration, if possible. Buprenorphine is consid-
ered a safer option;38 however, if transition between the two
agents is considered appropriate, it should be supervised by a
chronic pain specialist.

Antidepressants

Different classes of antidepressants vary in their propensity to
cause QTc prolongation.39 Selective serotonin reuptake

inhibitors (SSRIs) are typically the first-line treatment for de-
pression and these are generally considered safe, with the
notable exceptions of citalopram and escitalopram, which have
been recorded to prolong the QTc in therapeutic doses.40–42

Tricyclic antidepressants were typically linked to significant QT
prolongation,39 though recently this association has been
questioned.40

Serotonin-noradrenaline reuptake inhibitors (SNRIs) have
variable impacts on QTc with prolongation caused by
venlafaxine—most significantly in overdose.39–41 The safest
antidepressant for cardiac adverse drug effects including QT
prolongation is mirtazapine.43

Antipsychotics

There are known patterns of the propensity for psychotropic
drugs to cause QT prolongation,40 with the FDA issuing
various black box warnings for antipsychotic and antidepres-
sant agents over the past decade.44 QT prolongation appears to
be generally dose-dependent and correlates with increased risk

Figure 4 Flowchart for investigation and management of a prolonged QTc.
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of cardiac events45 at a hazard rate of around 1.66 when the
QTc is over 500 ms.40 It is known that the risk of QT prolon-
gation increases when combinations of antipsychotics are
used, and consultation with a psychiatrist is recommended
whenever QT prolongation is confirmed.
Typical antipsychotics carry an increased risk of QTc pro-

longation compared with atypical antipsychotic medica-
tions.40 Haloperidol is used worldwide for behavioural distur-
bance46 and has ongoing concern around its risk of QTc
prolongation and risk of cardiac death.40 A hypothesis exists
that haloperidol has a higher propensity for QTc prolongation
when delivered intravenously.40 The data for droperidol is
conflicting and no consensus has been reached.
Atypical antipsychotic medications can also prolong the

QTc interval to a variable extent.40 A recent meta-analysis
found that iloperidone and ziprasidone were most likely to
prolong the QTc.47 Quetiapine has been shown to have a
variable effect on QTc and has been linked with sudden
cardiac death.40

Aripiprazole is recommended as having a lower risk of QTc
prolongation while lurasidone, a newer atypical antipsychotic,
has shown the lowest risk.40, 48

Antiarrhythmic Agents

Amiodarone, flecainide and sotalol can all cause TDP.49 These
drugs are three of the most commonly used rhythm control
agents in paroxysmal atrial fibrillation. Less commonly used
antiarrhythmics such as disopyramide and procainamide can also
have this effect. Amiodarone is generally used as a Blast-line^ for
either rhythm or rate control for supraventricular arrhythmias and
as secondary prevention of ventricular tachycardia. Although it is
well established that QT prolongation can occur with amioda-
rone, the overall risk of TDP is less than 1% and when it does
occur, it is typically in association with other risk factors for
TDP.50 Mexiletine, an infrequently used antiarrhythmic agent,

has been shown to shorten theQTcwhen prolonged.51 Due to the
complexity and risk of using these agents, cardiology consulta-
tion is recommended whenever QTc prolongation occurs in the
setting of an antiarrhythmic medication. An overview of com-
monly used medications for rate and rhythm control in atrial
fibrillation is provided in Table 3.

Antineoplastic Agents

Certain antineoplastic agents are known to cause QTc prolon-
gation. Arsenic trioxide, used to treat acute promyelocytic
leukaemia, has been associated with QTc prolongation in
approximately 20% of patients, although the overall risk of
TDP remains low.52 Tyrosine kinase inhibitors are used to treat
a variety of malignancies, and several have been linked with
QTc prolongation and TDP. The drugs with reports of QTc
prolongation include nilotinib, sunitinib, vemurafenib and
vandetanib. It should be noted that a large number of tyrosine
kinase inhibitors do not prolong the QTc.52 It is recommended
that advice from an oncologist is sought if it is suspected that a
chemotherapeutic agent has caused QTc prolongation, as sub-
stitution of treatment is a complex decision.

Anaesthetic Agents

Inhaled anaesthetic agents such as isoflurane, sevoflurane and
desflurane have been associated with QTc prolongation.53

These short-acting agents should be used cautiously in patients
with pre-existing QTc prolongation at baseline, with cardiac
monitoring suggested. Evidence suggests propofol has mini-
mal effect on the QTc.54

CONCLUSION

Measurement of the QT interval is a required skill for hospital
doctors, as the triggers for QTc prolongation such as drugs and

Table 3 Rate and Rhythm Control Agents Used in Atrial Fibrillation

Medication Mechanism of action Risk of QT
prolongation*

Contraindications†

Rhythm control
Flecainide Sodium channel blockade Known Structural heart disease, ischaemic heart disease
Disopyramide Sodium channel blockade Known Narrow-angle glaucoma, decompensated heart failure
Propafenone Sodium channel blockade Conditional Heart failure, ischaemic heart disease asthma, severe COPD,
Sotalol Beta adrenoreceptor and potassium channel

blockade
Known Asthma, renal impairment (creatinine clearance < 40 mL/

min), decompensated heart failure
Amiodarone Primarily potassium channel blockade, but

also has sodium and calcium channel
blocking properties

Conditional Iodine hypersensitivity. Must be used cautiously in the
context of pulmonary, thyroid or hepatic disease due to risk
of toxicity to these organs.

Rate control
Atenolol,

metoprolol
Beta adrenoreceptor blockade Not associated Asthma, hypotension

Verapamil,
diltiazem

Calcium channel blockade Not associated Heart failure, hypotension

Digoxin Inhibition of the sodium/potassium/ATPase
pump

Not associated Hypokalaemia, must be used cautiously in renal impairment
due to risk of toxicity

COPD, chronic obstructive pulmonary disease; ATP, adenosine triphosphate
*Severe bradycardia can be caused by any of these agents, and QT prolongation can occur in this context
†All agents listed are contraindicated in the presence of sinus node dysfunction or severe conduction disease, e.g. second- or third-degree AV block, or
bifascicular and trifascicular block
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electrolyte depletion are common in inpatient settings. By
using the methods outlined above, clinicians can confidently
measure and correct the QT interval and thus estimate the risk
of torsades de pointes in patients. Additionally, knowledge of
drugs that may be responsible, and safer alternatives, is para-
mount to appropriately managing this common and often
challenging clinical scenario.
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