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ABSTRACT
Purpose Monitoring of the QT duration by electrocardiography (ECG) prior to treatment is frequently recommended in the label of QT-
prolonging drugs. It is, however, unknown how often general practitioners in daily clinical practice are adhering to these risk-minimization
measures. We assessed the frequency of ECG measurements in patients where haloperidol was initiated in primary care.
Methods Patients (≥18 years) with a first prescription of haloperidol in the UK Clinical Practice Research Datalink (2009–2013) were in-
cluded. The proportion of ECGs made was determined in two blocks of 4weeks: during the exposure period when haloperidol was initiated,
and during the control period, 1 year before. Conditional logistic regression analysis was applied to calculate the relative risk of having an
ECG in the exposure period compared with the control period. Subgroup analyses were performed to assess the proportion of ECG measure-
ments in patients with one or more additional risk factors for QT prolongation.
Results In total, 3420 patients were prescribed haloperidol during the exposure period, and 1.8% of them had an ECG at treatment initiation,
compared with 0.8% during the control period (relative risk [RR] 2.4 [1.5–3.8]). Of the patients with additional risk factors for QT prolonga-
tion, 1.9% of the patients had an ECG at initiation of the prescription, compared with 1.0% during the control period (RR 2.1 [1.2–3.5]).
Conclusions Compliance with recommendations to perform an electrocardiogram when starting a new QT-prolonging drug is extremely
low, when haloperidol is taken as an example. Copyright © 2015 John Wiley & Sons, Ltd.
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INTRODUCTION

Drugs are a frequent cause of QT interval prolongation
on the electrocardiogram (ECG), a sign of increased
cardiac repolarization time that may facilitate the de-
velopment of torsade de pointes.1 Torsade de pointes
is a transient polymorphic ventricular tachycardia that,
when sustained, may evolve into ventricular fibrillation
and potentially cause sudden cardiac arrest, but it may
also resolve, leaving no trace. The risk of developing
torsade de pointes and cardiac arrest is higher in pa-
tients with additional risk factors for QT prolongation,

such as prior myocardial infarction, heart failure,
hypokalaemia, concomitant use of other arrhythmo-
genic drugs and a (family) history of congenital long
QT syndrome.2 The estimated incidence of torsade de
pointes in the population at large is 0.5 per 10000
person-years,3 while the estimated incidence of out-
of-hospital cardiac arrest is approximately 10 per
10000 person-years.4–6 The study of Straus et al.
shows that QT-prolonging drugs increase the risk of
sudden cardiac death to about three times compared
with no use (adjusted odds ratio 2.7 [1.6–4.7]).6 Al-
though this relative risk of sudden cardiac death is sub-
stantial, the absolute risk is low, and therefore, sudden
cardiac death remains rare also in patients taking QT-
prolonging drugs.
Nevertheless, QT prolongation is one of the most

common adverse drug reactions leading to regulatory
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action, including withdrawal of a drug from the mar-
ket.7,8 Several drugs have been reported to increase
the risk of QT prolongation and ventricular arrhyth-
mia; for example, the relative risk for sudden cardiac
death with ciprofloxacin was 2.4 (0.5–11.7) and with
the use of risperidone 3.9 (1.1–13.5).9 Still, prolonga-
tion of the QT interval is anything but an ideal marker
for the risk of torsade de pointes or sudden cardiac
death. Not all drugs that prolong the QT interval in-
crease the risk of torsade de pointes or sudden cardiac
death to an equivalent degree, and importantly, on the
other hand, not all drugs that increase the risk of tor-
sade de pointes or sudden cardiac death prolong the
QT interval.10,11

Irrespective of the low absolute risk related to QT
interval prolongation,1,12 the regulatory authorities
have adopted stringent requirements for pre-marketing
testing of pro-arrhythmic effects of new drugs over the
last decade, with a focus on QT interval duration.13,14

Apart from the recommendations on how and when to
perform thorough QT studies, the ICH E14 guideline
provides guidance on how information on QT prolon-
gation should be addressed in the drug labelling. One
of the risk-minimization measures suggested in the
ICH E14 is to include ‘Recommendations for patient
monitoring (ECG and electrolytes) and management
of patients with QT/QTc prolongation or symptoms
suggestive of an arrhythmia’ in the labelling of QT-
prolonging drugs.
It has been reported that 63% of the QT-prolonging

drugs and 29% of the potentially QT-prolonging
drugs, ECG monitoring prior to treatment is recom-
mended in the drug label.15

Haloperidol is a widely prescribed antipsychotic
agent in both hospital and primary care settings to
manage agitation, delirium and psychosis. Haloperidol
has been linked to QT prolongation and torsade de
pointes in case reports16–20 and post-marketing
studies.21 The UK product label of the innovator of
haloperidol (i.e. Haldol) currently states: ‘Baseline
ECG is recommended prior to treatment in all patients,
especially in the elderly and patients with a positive per-
sonal or family history of cardiac disease or abnormal
findings on cardiac clinical examination’ (Box 1).22

The product information of generic haloperidol products
are in line with this labeling. It is, however, unknown
how adequate these risk-minimization measures, as
called by the regulatory authorities, are being adhered
to in daily clinical practice. Therefore, the objective of
this study was to assess whether the advice of the drug
label to perform an ECG in patients before prescribing
a QT-prolonging drug is followed in daily practice,
and we took haloperidol as the example.

Box 1. Recommendation in the summary of product
characteristics to perform an ECG prior to starting
haloperidol.22

4.4 Special warnings and precautions for use

‘Baseline ECG is recommended prior to treatment in
all patients, especially in the elderly and patients with
a positive personal or family history of cardiac dis-
ease or abnormal findings on cardiac clinical exami-
nation. During therapy, the need for ECGmonitoring
(e.g. at dose escalation) should be assessed on an in-
dividual basis. Whilst on therapy, the dose should be
reduced if QT is prolonged, and haloperidol should
be discontinued if the QTc exceeds 500ms.’

QTc: QT interval corrected for heart rate

METHODS

Setting and study design

Data were obtained from the Clinical Practice Research
Datalink, which comprises the computerized longitu-
dinal medical records of patients derived from primary
care practices throughout the United Kingdom (UK).23

The records include the patient’s demographic infor-
mation and data on routine care such as prescription
details, clinical events, preventive care provided, spe-
cialist referrals, hospital admissions and major clinical
outcomes. General practitioners play a key role in the
UK healthcare system, as they are responsible for pri-
mary healthcare and specialist referrals.23,24

Study population and measures

All patients aged 18years and older with a new prescrip-
tion of haloperidol between January 1, 2009 and May 1,
2013, were identified. We started with the data collec-
tion in 2009 to allow enough time for adherence to the
ECG monitoring recommendation, which was reported
in the label for the first time in 2006. The date of the start
of the first prescription of haloperidol was defined as the
index date. A new prescription of haloperidol (exposure
of interest) was defined as not having had a prescription
of the drug in the 365days before the index date. For
each patient, we assessed whether an ECG was per-
formed or a referral for an ECG (outcome of interest)
was provided during two measurement periods of
4weeks (Figure 1). The first measurement period
was the exposure period, that is, the period 2weeks
before until 2weeks after the index date. We used a
matched pairs exposure assessment. The control pe-
riod when the patient did not use haloperidol was
taken as the period from 2weeks before till 2weeks
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after the date that fell 12months before the index date
(Figure 1). Patients were included when at least
379days of valid data collection before the index date
was available, as the control period started 1year and
2weeks before the index date. Patients that had less
than 365days of valid follow-up after the index date
were excluded, as we intended to exclude prescriptions
in terminally ill patients or those with a shorter life
expectancy.

Subgroups with risk factors for QT prolongation

We assessed whether patients with an increased risk of
QT prolongation were more likely to have an ECG
prior to starting haloperidol. Increased risk was de-
fined as the presence of one or more of the following
risk factors on the index date: age 65years or older,
history of heart failure, ischaemic heart disease, QT
prolongation or congenital long QT syndrome, or the
concurrent use of anti-arrhythmic (Vaughan-Williams
class I or III25) or class 1 QT-prolonging drugs (accord-
ing to the Arizona Center for Education & Research on
Therapeutics eTable 126). Information on these factors
was extracted from the clinical and prescription records
in the database. Patients were defined as having a history
of QT prolongation, congenital long QT syndrome,
ischaemic heart disease or heart failure when they had
a diagnosis coded in the database ever before the index
date. Drug use was defined as concurrent if the prescrip-
tion date fell in a period of 90days before the index date
or the reference date, 1year earlier.

Data analysis

Absolute numbers and proportions of ECGs performed
during the index period and the control period were eval-
uated. Conditional logistic regression analysis was used
to calculate the relative risk of having an ECG in the
exposure period compared with the control period. To
show the prevalence over time, the proportion of ECGs
performed per month before and after index date (start
haloperidol prescription) was calculated from 12months
before the index date to 6months after the index date. In
addition, we calculated the proportion of ECGs per-
formed each calendar year to assess time trends.
Three sensitivity analyses were conducted. First, we

performed the aforementioned analyses without ex-
cluding patients with less than 1year of follow-up.
Next, sensitivity analyses were performed with three
other 4-week control periods (3, 6 and 9months before
the index date, instead of 12months, Figure 1). Finally,
a sensitivity analysis was conducted defining concur-
rent drug use as having a prescription in a period of
30days before the index date instead of 90days. All data
were analysed using the statistical software package of
SPSS (SPSS for Windows, version 20.0, SPSS Inc.).

RESULTS

During the study period, 3420 patients aged 18years
or older with a new prescription of haloperidol were
included (Figure 2). The mean age was 65.3 (standard
deviation 20.4, range: 18–106) years, and 58% was
female (Table 1).
Of those receiving a new prescription of haloperi-

dol, 1.8% had an ECG recorded (n=63) as compared
with 0.8% during the control period 1year earlier
(n=27, relative risk [RR] 2.4 [1.5–3.8], Table 2).
Figure 3 indicates the proportion of ECGs per month
and shows that the proportion of ECGs was highest
at the index date (1.8%) and 1month before the index
date (1.8%). The proportion of ECGs in the remaining
months ranged from 0.5% to 1.3%.
Of the patients with at least one additional risk factor

for QT prolongation, 1.9% had an ECG at the start of
haloperidol as compared with 1.0% during the control
period (RR 2.1 [1.2–3.5]). Of the patients without addi-
tional risk factors for QT prolongation, 1.6% received
an ECG prior to the start of haloperidol as compared
with 0.4% during the control period (RR 2.8 [1.0–7.8]).
Patients aged 45–64 or 65–84years more often had an

ECG performed prior to starting with haloperidol (expo-
sure period 2.3% and 2.6%, control period 0.4% and
1.2%, RR 5.3 [1.6–18.3] and 2.3 [1.2–4.3], respec-
tively) than younger patients (18–44years, exposure

Figure 1. Study design
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period 1.2%, control period 0.5, RR 4.0 [0.8–18.8]) or
the very old (>84years, exposure period 0.6%, control
period 0.7%, RR 1.0 [0.3–4.0]). In women, ECGs
were performed less often during both the exposure
and control period (1.4% and 0.5%, respectively,
RR 2.7 [1.3–5.6]) than men (2.5% and 1.2%, RR 2.2
[1.2–4.0], respectively). No clear increase or decrease
of the proportions of ECGs performed during initiation
of haloperidol was shown over time (Figure 3).
As expected, sensitivity analyses performed in the full

cohort of 9719 new haloperidol users (including patients
with less than 1year of follow-up) resulted in lower pro-
portions of ECGs (exposure period: 1.4%, control period:
1.1%, RR 1.3 [1.0–1.6]). Sensitivity analyses performed
with three other control periods (3, 6 and 9months before
the index date, instead of 12months) and with another
definition of concurrent drug use (i.e. a prescription dur-
ing a 30-day period instead of a 90-day period, before
the index date) yielded comparable results.

DISCUSSION

Our study shows that less than 2% of the patients who
had a new prescription of haloperidol received an ECG
at initiation (exposure period: 1.8%, control period:

Figure 2. Flowchart of included and excluded patients. CPRD, Clinical Practice Research Datalink

Table 1. Baseline characteristics of the study population: all incident
haloperidol users between 1.1.2009 and 1.5.2013 (n = 3420)

Baseline characteristics Study population

Mean age (years, SD) 65.3 (20.4)
Age category (years)
18–44 693 (20.3%)
45–64 750 (21.9%)
65–84 1312 (38.4%)
>84 665 (19.4%)

Female sex 1984 (58.0%)
Smoking
Current 751 (22.0%)
Former 1129 (33.0%)
Never 862 (15.2%)
Unknown 678 (19.8%)

History of
Ischaemic heart disease 585 (17.1%)
Heart failure 168 (4.9%)
Diabetes mellitus 627 (18.3%)
Chronic obstructive pulmonary disease 243 (7.1%)
QT prolongation/ long QT syndrome 1 (0.03%)

Current use of concomitant QT-prolonging drugs
Class 1 QT-prolonging drugsa 903 (26.4%)
Class 2 QT-prolonging drugsa 739 (21.6%)
Class I/III anti-arrhythmic drugsb 47 (1.4%)

Data are number (%) unless otherwise indicated.
SD, standard deviation.
aDrugs with (possible) risk of QT prolongation according to the Arizona
Center for Education & Research on Therapeutics.26
bClasses I and III anti-arrhythmic drugs, according to the classification of
Vaughan-Williams.25
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0.8%, RR 2.4 [1.5–3.8]). This was also the case in pa-
tients with at least one additional risk factor for QT
prolongation (exposure period: 1.9%, control period
1.0%, RR 2.1 [1.2–3.5]). To the best of our knowl-
edge, our study is the first to report on compliance
with recommendations on ECG monitoring upon
starting with a QT-prolonging drug in the population
at large. Recently, Muzyk et al. examined in a hospital

setting the effects of implementation of a computer-
ized physician order entry on adherence to monitoring,
of among others, the QT interval after intravenous
haloperidol prescription. During the study period
(2007–2010), 40% of the patients who received intra-
venous haloperidol had an ECG, which increased to
61% after the implementation of the intervention.27

Our study has several limitations. First, haloperidol
is often prescribed for the very old and terminally ill
patients to manage agitation and delirium, especially
in primary care, and for understandable reasons, these
patients are less likely to have an ECG. We therefore
only included patients with a follow-up time of at least
1 year after the start of haloperidol in our main analy-
sis. Sensitivity analyses performed in the full cohort
(including patients with less than 1year of follow-up)
resulted in lower proportions of ECGs (1.4%). Second,
as in some cases a medical specialist may have initi-
ated haloperidol and ordered an ECG, this may not
have been recorded in the medical files of the general
practitioner. When the continued supply subsequently
was managed by the general practitioner, as is com-
mon practice, this may have incorrectly been recorded
as a first prescription of haloperidol in our study. This
may have resulted in an underestimation of ECG
recordings in the Clinical Practice Research Datalink
database. Any underestimation is likely to be very small,
however, as the vast proportion of haloperidol pre-
scriptions included in our study were initiated in the
primary care setting.
In view of the extremely low compliance with the drug

label recommendation to record an ECG before initiation
of a QT-prolonging drug such as haloperidol, a critical
reappraisal of this recommendation seems warranted.
Importantly, the QT prolongation is a poor marker

of the risk of torsade de pointes, ventricular arrhythmia
and sudden cardiac death. According to the ICH E14

Figure 3. Proportion of ECGs performed per month before and after index date (start haloperidol prescription)

Table 2. The proportion of electrocardiographs performed in the exposure
period (from 2weeks prior to 2 weeks after start of index date [new pre-
scription of haloperidol]) compared with control period (from 2weeks prior
to 2 weeks after 1 year before the index date), stratified according to risk
factors for QT prolongation

Exposure period Control period Relative risk

n = 3420 n = 3420 (95% CI)

All patients 63 (1.8%) 27 (0.8%) 2.4 (1.5–3.8)
Any additional risk factor for QT prolongationa

Yes (n = 2438) 47 (1.9%) 22 (1.0%) 2.1 (1.2–3.5)
No (n = 982) 16 (1.6%) 5 (0.4%) 2.8 (1.0–7.8)

Age category in years
18–44 (n = 693) 8 (1.2%) 4 (0.5%) 4.0 (0.9–18.8)
45–64 (n = 750) 17 (2.3%) 4 (0.4%) 5.3 (1.6–18.3)
65–84 (n = 1312) 34 (2.6%) 16 (1.2%) 2.3 (1.2–4.3)
>84 (n = 665) 4 (0.6%) 4 (0.7%) 1.0 (0.3–4.0)

Sex

Male (n = 1436) 36 (2.5%) 17 (1.2%) 2.2 (1.2–4.0)
Female (n = 1984) 27 (1.4%) 10 (0.5%) 2.7 (1.3–5.6)

History of ischaemic cardiac disease or heart failure
Yes (n = 654) 14 (2.1%) 9 (1.5%) 1.4 (0.6–3.4)
No (n = 2766) 49 (1.8%) 18 (0.6%) 2.9 (1.7–5.0)

Concurrent use of class 1 QT-prolonging drugs and/or anti-arrhythmic drugsb

Yes (n = 905) 17 (1.9%) 8 (1.3%) 1.2 (0.4–3.9)
No (n = 2515) 46 (1.8%) 19 (0.7%) 2.4 (1.4–4.1)

CI, confidence interval.
aAt least one of the following risk factors: age> 65 years, history of heart
failure, ischaemic heart disease or concurrent use of class 1 QT-prolonging
drugs or anti-arrhythmic drugs.
bDrugs with risk of QT prolongation according to the Arizona Center for
Education &Research on Therapeutics,26 and classes I and III anti-arrhythmic
drugs, according to the classification of Vaughan-Williams.25
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guideline, a thorough QT study is negative when a
drug increases the mean QT interval less than 10ms.
In clinical studies, a QT interval of 500ms or more is
accepted as a threshold of an increased risk of torsade
de pointes.13,14 However, the association between the
risk of torsade de pointes and the length of the QT
interval seems not to be linear.13,14 A prolonged QT
by no means will imply that a drug per se causes tor-
sade de pointes, while some drugs have been removed
from the market because of a high risk of torsade de
pointes, although the mean QT interval was only mod-
erately increased (5–10ms).28

Furthermore, the absolute risk of torsade de pointes
is very low. The use of 15mg haloperidol (orally)
causes an average increase in QT of 7ms, which is be-
low the accepted cut-off value of 10ms.21 However,
this drug has clearly been linked to torsade de pointes
in post-marketing adverse event reports, especially
when used intravenously or when patients have addi-
tional risk factors.21,29,30 In a study of Hennessy
et al., incidence rate of 42 (35–50) per 10000 person-
years for the composite endpoint of cardiac arrest and
ventricular arrhythmia in haloperidol users with
schizophrenia was reported. The two control groups,
patients with psoriasis or glaucoma, showed an inci-
dent rate of 18 (11–28) and 34 (28–41) per 10000
person-years (adjusted rate ratios 2.4 [1.5–3.9] and
2.2 [1.7–3.0]).31 Other studies reported incidence rates
of composite endpoints combining sudden arrest and
ventricular arrhythmia of 18 to 83 per 10000 person-
years for users of haloperidol.32,33

In users of antipsychotics, the proportion of patients
that develop QT prolongation (>500ms) is estimated
between 0% and 2%, and the reported frequency of
torsade de pointes was approximately 1 in 10000 users.34

About one-fifth of the cases of torsade de pointes convert
into ventricular fibrillation (1 in 50000 users), which in
85% of the cases was fatal.34,35 On the basis of these
findings, Bouvy et al. showed that for the current
QT-prolonging antipsychotics on the market, routine
ECG monitoring of all new users in clinical practice
is not cost-effective.34

As the results of our study show, physicians do not
comply with the ECG monitoring recommendations
stated in the drug labels of QT-prolonging drugs. This
may be due to two important barriers: first, lack of aware-
ness among physicians, about the recommendation, and
about the association between QT-prolonging drugs
and sudden cardiac arrest. The knowledge on QT-
prolongation risks among physicians has been shown to
be suboptimal.36 Although, haloperidol has been on the
market since 195837 and has been prescribed since, phy-
sicians may never have observed a QT-related side effect

in their practice. Moreover, the ultimate negative
effect of QT prolongation, namely ventricular arrhyth-
mia and sudden cardiac death, will not always be
linked to the prescription of a QT-prolonging drug.
A second barrier may be the lack of feasibility. It

could be argued that physicians, in contrast to regulatory
authorities, find it not feasible to perform ECGs in every
patient who starts a QT-prolonging drug. Several QT-
prolonging drugs are widely prescribed by general
practitioners, such as domperidone, (es)citalopram and
haloperidol. It may very well be that clinicians consider
the risk of QT prolongation acceptable, or they are will-
ing to take the risk that this potentially fatal but very rare
side effect occurs. Besides, in the case of haloperidol,
alternative therapies carry the same risks as most anti-
psychotic medications have been shown to cause some
degree of QT prolongation.21

Finally, it can be questioned whether inclusion of
such a recommendation in the drug labelling is effec-
tive, when not accompanied bymore direct communica-
tion to prescribing physicians. Changing prescribing
behaviour is extremely difficult. Even strong actions
may have only a moderate impact on prescription pat-
terns. For example, Piening et al. evaluated the effect
of direct healthcare professional communications or
‘dear doctor letters’ and found that such a letter caused
a long-term change of use of only one-third of the drugs
in question and a mean decrease of 27% in the use of
such drugs.38 As another example, in September 2007,
the Irish Medicines Board issued a warning regarding
the use of, among others, haloperidol in patients with
cardiovascular disease, additionally recommending that
patients should undergo ECG prior to treatment. Musleh
et al. determined prescribing rates 12months before and
after the warning, which showed that the warning had
no significant effect on prescribing of the drug, although
alternative therapies are available.39

CONCLUSIONS

Our study showed that the compliance with recom-
mendations to perform ECGs when starting a new
QT-prolonging drug, in our example haloperidol, is
extremely poor. In view of this and the fact that the
QT interval is a weak marker of future torsade des
pointes and sudden cardiac death and these adverse
events are very rare, the recommendation to record
an ECG before prescribing QT-prolonging drugs such
as haloperidol should be reconsidered.
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KEY POINTS

• Prior to prescribing the QT-prolonging drug hal-
operidol, only 1.8% of all patients and 1.9% of
the patients with at least one additional risk fac-
tor for QT prolongation had an ECG as com-
pared with 0.8% and 1.0% of the patients
during the control period 1year before, when
no haloperidol was used (RR 2.4 [1.5–3.8] and
RR 2.1 [1.2–3.5], respectively).

• Taking into account this extremely low compli-
ance to the recommendation, the low absolute
risk of torsade de pointes, ventricular tachycardia
and sudden cardiac death, as well as the fact that
the QT interval prolongation is a weak marker of
such future events, the recommendation to record
an ECG before prescribing QT-prolonging drugs
such as haloperidol should be reconsidered.
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