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Abstract
Purpose Citalopram is a selective serotonin reuptake inhib-
itor (SSRI) antidepressant that is widely used in clinical
practice. Recent data have indicated that high therapeutic
citalopram doses may cause electrocardiographic abnormal-
ities, and the regulatory authorities have amended its
licenced dosage. The present manuscript reviews the avail-
able data concerning citalopram and cardiac toxicity.
Methods Published data concerning the cardiac effects of
citalopramwere ascertained, and clinical data were considered
separately between adverse effects arising from therapeutic
use versus toxicity in the setting of intentional overdose.
Results The occurrence of electrocardiographic abnormal-
ities has long been recognised as a complication of acute
citalopram overdose; a dose-effect relationship for QT pro-
longation has been described in a number of large case
series, including several cases of torsades de pointes. In
contrast, few data indicate the occurrence of QT prolonga-
tion and arrhythmia after therapeutic doses, and a dose-
effect relationship within the therapeutic range has only
recently been established. Citalopram is more likely to cause
QT prolongation in patients with metabolic disturbance or
pre-existing cardiac disease.
Conclusions A dose-effect relationship for QT prolongation
exists across a broad range of citalopram doses, such that
caution must be exercised when prescribing high doses or if
there are co-existent risk factors for QT effects. The

available data illustrate how clinical toxicity data may offer
an earlier signal of cardiac effects than ascertained from
conventional pharmacovigilance methods.
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Introduction

Citalopram (Celexa®, Cipramil®) is a widely prescribed
selective serotonin reuptake inhibitor (SSRI) that is licensed
for use in depressive illness and panic disorder. Recent
concerns have been raised about the risk of adverse cardiac
effects of citalopram, specifically related to QT prolongation
on the electrocardiograph (ECG). In August 2011, the Food
and Drug Administration (FDA) issued a safety bulletin
advising healthcare professionals and patients that citalo-
pram should no longer be used in doses greater than
40 mg daily, or 20 mg daily in patients >60 years or with
established hepatic impairment [1]. An update in March
2012 stated that citalopram should be discontinued in
patients with persistent QTc (QT corrected for the effect of
heart rate) greater than 500 ms [2]. Similar safety warnings
were issued to healthcare professionals in the United King-
dom by the Medicines and Healthcare products Regulatory
Authority (MHRA) in October 2011; this lowered the max-
imum daily dose from 60 to 40 mg, and from 40 mg to
20 mg in patients >65 years or with hepatic impairment
(Table 1). The MHRA also advised that citalopram is con-
traindicated in patients with established QT prolongation or
congenital QT syndromes, and that it should be used with
caution in patients at risk for QT prolongation as a result of
metabolic disturbance, concurrent illness, long QT syn-
drome, or if receiving medicines that are independently
capable of prolonging the QT interval [3]. The maximum
recommended dose of citalopram is 20 mg daily for patients
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that are poor cytochrome 2C19 metabolisers, or receiving
concomitant cimetidine or another cytochrome 2C19 inhib-
itor, because these factors may elevate citalopram concen-
trations and increase the risk of QT prolongation and
torsades de pointes. The basis of these regulatory changes
and data concerning the cardiac effects of citalopram are
considered.

Information concerning the cardiac effects of citalopram
were sought using PubMed, Embase, and Google Scholar data-
bases with search terms {citalopram} AND {adverse OR car-
diac OR cardiotoxicity OR electrocardiograph OR QT OR
“side effect” OR toxic OR toxicity OR “unwanted effect”}.
Relevant data were also sought by examining abstracts of the
scientific congresses of the European Association of Poisons
Centers and Clinical Toxicologists (EPACCT), and reports
submitted to the MHRA via the Yellow Card pharmacovigi-
lance scheme. Preclinical safety data were included if these
contained information regarding cardiotoxicity. Clinical data
were considered separately between adverse effects arising
from therapeutic administration and toxic effects encountered
after exposure to higher dosages including intentional overdose.

Relevant pharmacological properties

Citalopram is partially metabolised to demethyl-citalopram
(DCT), didemethyl-citalopram (DDCT), and citalopram-N-
oxide, all of which possess some SSRI activity, and to an
inactive deaminated propionic acid derivative. Citalopram is
the predominant compound in plasma, and is subject to

hepatic metabolism by P450 cytochromes 2C19, 2D6, and
3A4 [4]. A study of 345 plasma samples from 258 patients
receiving 20–360 mg/day found a linear dose-concentration
relationship; citalopram and DCT concentrations across typi-
cal therapeutic doses of 10 to 60 mg daily are 40 to 110 ng/mL
and 14 to 40 ng/mL respectively [5]. Patients aged >65 years
had significantly higher dose-corrected citalopram concentra-
tions: mean ± SD 3.1±1.4 ng/mL/mg versus 2.5±2.2 ng/mL/
mg (P00.03) [5]. The inward rectifier potassium channel is
encoded by the human ether-a-go-go-related (hERG) gene,
and blockade of this channel is thought to be an important
mechanism linked to QTc prolongation and development of
torsades de pointes arrhythmia. The channel is larger than
several other voltage-gated potassium channels, which ren-
ders it subject to interference by a broad range of drugs,
including citalopram [6, 7].

Preclinical toxicology data

A number of safety studies in animals are reported in the
scientific literature. For example, 1 year safety studies in
animals have investigated administration of citalopram doses
of up to 8 mg/kg in dogs, 320 mg/kg in rats, and 640 mg/kg in
mice; these resulted in citalopram concentrations 10- to 40-
fold higher than those in patients, and sudden death occurred
in five of ten dogs after citalopram 8 mg/kg daily for 17 to
31 weeks [8]. QT prolongation has been described in dogs
exposed to serum DDCT concentrations between 810 and
3,250 nmol/L, which are 40 to 150-fold higher concentrations
than observed in patients receiving citalopram 60 mg/day [9].
Acute oral administration in dogs of citalopram 20 mg/kg
provoked seizures, and intravenous citalopram 10 mg/kg/h
provoked seizures after administration of 21 to 27 mg/kg,
and fatal respiratory arrest after 42 to 61 mg/kg; no significant
electrocardiographic effects were observed [9]. Drug concen-
trations determined in this study were 20-fold higher than
those associated with human therapeutic doses.

Cardiac effects after therapeutic doses

Clinical safety data collected from 3,107 patients across 24
separate clinical trials did not identify cardiac adverse
effects or ECG abnormalities, although many of these
involved short term studies and comparatively low thera-
peutic doses [10]. Collective ECG data obtained during drug
development included 802 patients that received citalopram
and 241 placebo; QTc increased >60 ms from baseline in
1.9 % versus 1.2 % respectively, and QTc >500 ms occurred
in 0.5 % versus 0.0 % respectively [4]. A study in healthy
men found that citalopram 60 mg/day had no significant
effect on QTc interval [11].

A number of clinical reports describe the occurrence of QT
prolongation in patients receiving citalopram. For example, an

Table 1 Summary of MHRA advice concerning citalopram adminis-
tration [3]

Maximum daily dose

Elderly patients (>65 years ): 20 mg

Patients with hepatic failure: 20 mg

Other adults: 40 mg

Contraindicated with other drugs that may prolong QT interval,
including:

Class IA and III antiarrhythmics (e.g. amiodarone,
dronedarone, quinidine)

Antipsychotics (e.g. fentiazine derviatives, pimozide, haloperidol)

Tricyclic antidepressants

Some antimicrobials (e.g. moxifloxacin, erythromycin, pentamidine,
halofantrine)

Some antihistamines (e.g. astemizole, mizolastine)

Some antiretrovirals (e.g. ritonavir, saquinavir, lopinavir)

Use with caution in patients receiving drugs that may inhibit
citalopram metabolism and thereby increase plasma concentrations,
including:

Antiretroviral protease inhibitors

Cimetidine

Omeprazole
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81-year-old man was found to have prolonged QT (572 ms)
and QTc (695 ms) and developed torsades de pointes; the
ECG normalised within 3 days of discontinuing citalopram
[12]. A 47-year-old woman with pre-existing dilated cardio-
myopathy developed sinus bradycardia and prolonged QT
interval (463 ms) that was attributed to a recent dose increase
from citalopram 20 mg to 40 mg daily; the ECG restored to
normal within 24 h [13]. Daily administration of citalopram
80 mg was associated with prolonged QTc and development
of torsades de pointes in a 40-year-old woman, in whom no
other metabolic disturbance or causative factor was identified;
QTc fell from 535 ms to 469 ms 3 days after citalopram
discontinuation [14]. Escitalopram, the S-enantiomer of cita-
lopram has been reported to cause significant reversible QTc
prolongation, even after only two daily administrations of
5 mg [15].

Citalopram appears capable of evoking cardiac effects in
patients rendered susceptible by virtue of co-existing med-
ications or metabolic disturbance. For example, an observa-
tional study reported the combination of escitalopram and
risperidone was more likely to cause QT prolongation than
risperidone and other SSRI antidepressants [16]. Significant
QT and QTc prolongation (620 ms and 670 ms) was
reported in a patient receiving citalopram 40 mg daily who
had developed hypokalaemia and hypomagnesaemia due to
concomitant diuretic therapy. Elsewhere, citalopram has
been reported to cause symptomatic bradycardia and pre-
syncope in a 60-year-old woman that had been taking cit-
alopram 20 mg daily for 2 weeks, and haemodynamic
changes were restored within 48 h of citalopram cessation;
QTc remained normal throughout [17]. Decreased R-wave
amplitude has also been reported after administration of
citalopram 20 to 60 mg per day [18].

A Swedish pharmacovigilance database collected 61,788
adverse drug reports between 1991 and 2006; these included
88 reports of torsades de pointes, and citalopram was impli-
cated in nine (10 %) of these [19]. The Yellow Card phar-
macovigilance scheme in the United Kingdom has received
a total of 3,636 reports to date from healthcare professionals
concerning adverse effects of citalopram [20]. There have
been 220 reports of adverse cardiac effects, including 17
cardiovascular fatalities, three reports of QT prolongation,
and two reports of torsades de pointes (Table 2).

A thorough QT study was undertaken as a randomised
multi-centre double-blind placebo-controlled study with
cross-over design and moxifloxacin as an active comparator.
The study involved administration of placebo, citalopram
20 mg, and citalopram 60 mg in 119 people. With reference
to the placebo group, citalopram 20 and 60 mg caused QT
prolongation by 8.5 ms (90 % confidence interval 6.2 to
10.8 ms) and 18.5 ms (16.0 to 21.0 ms), respectively
(Fig. 1); QT corrected by Fridericia’s formula increased by
up to 17 ms [1–3]. The regulatory authorities considered

these data to indicate citalopram capable of evoking dose-
dependent QT interval prolongation. Moreover, there is a
lack of data to support the efficacy of citalopram in doses
higher than 40 mg daily, and its maximal effects are typi-
cally observed after 20 to 40 mg daily [21]. Both the FDA
and MHRA considered that the risk-benefit profile was
unacceptable for higher citalopram doses.

Toxicity in the setting of citalopram overdose

A large number of case reports and case series indicate the
occurrence of QT prolongation in the setting of citalopram
toxicity. For example, QTc prolongation occurred in eight
out of 26 patients (31 %) that presented to hospital in the
Netherlands due to citalopram overdose [22]. A 21-year-old
woman developed QT prolongation (457 ms) after ingestion
of citalopram 400 mg, which normalised within 30 h [23]. A
36-year-old woman developed systemic hypotension and
transient loss of consciousness due to torsades de pointes
around 32 h after ingesting citalopram 1,000 mg; initial QTc
was 572 ms and remained prolonged for a further 24 h [24].
Plasma citalopram and desmethylcitalopram concentrations
at 33 h post-ingestion were 477 ng/mL and 123 ng/mL
respectively, representing at least four-fold higher values
than after therapeutic doses. Elsewhere, a series of five
patients that presented to hospital after intentional citalo-
pram overdose involving 400–5,200 mg were all found to
have prolonged QTc [25]. ECG abnormalities or seizures
were observed in patients that ingested citalopram >600 mg,
and these occurred in all patients that ingested more than
1,900 mg [26].

A 32-year-old woman that ingested citalopram 800 mg
developed hypotension and severe sinus bradycardia within
4 h; temporary cardiac pacing was needed and bradycardia
persisted for 6 days [27]. A 31-year-old man developed QTc
prolongation and left bundle branch block 13 h after inges-
tion of citalopram 400 mg; the ECG abnormalities resolved
after intravenous administration of sodium bicarbonate, as
might normally only occur after tricyclic cardiotoxicity [28,
29]. A 54-year-old woman developed QTc prolongation and
ventricular fibrillation more than 10 h after intentional over-
dose associated with very high serum citalopram drug con-
centrations [30]. In contrast, acute citalopram exposure in a
10-month-old girl provoked generalised seizures; despite
plasma citalopram concentrations of up to 1,400 ng/ml, no
ECG abnormalities or QTc prolongation occurred [31].

A retrospective study found that QTc was similar after
intentional overdose involving citalopram (427 ms), venla-
faxine (420 ms), mirtazapine (423 ms), and nefazodone
(419 ms), although the number of patients in each group
was comparatively small [32]. Elsewhere, a larger series
involving 469 patients with SSRI poisoning found that
QTc was significantly higher in cases involving citalopram
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(450 ms, IQR 436 to 484 ms) than either fluoxetine, fluvox-
amine, paroxetine, or sertraline; 68 % of citalopram overdose
patients had QTc >440 ms [33]. Moreover, this study popula-
tion demonstrated that a clear relationship exists between QTc
prolongation and citalopram concentrations within a toxic
range [34]. In a comparative study involving 541 intentional
overdose episodes, citalopram ingestion was more likely to be
associated with prolonged QTc >440 ms than overdose

involving mirtazapine or venlafaxine (difference011 %,
95 % confidence interval 3 to 19 %, P00.013) [35].

Discussion

There has been a gradual accumulation of data that indicate
a positive correlation between high citalopram doses and
QT prolongation, and even torsades de pointes in a small
number of cases. In many instances, there are co-existent
factors that may predispose to cardiotoxicity, including bio-
chemical disturbances, pre-existing cardiac disease, con-
comitant drug use, and long QT syndrome [36]. Therefore,
a precautionary approach is justified, particularly in patients
at high risk of QT prolongation. The duration of QT pro-
longation is longer than anticipated from published citalo-
pram pharmacokinetic data, suggesting that cardiotoxicity
might be attributable to its metabolite DCT [37].

In a clinical toxicology context, the potential for citalopram
to evoke cardiotoxicity has long been recognised, and to a
greater extent than anticipated for other SSRI antidepressants.
There are a striking number of reports of QT prolongation in
the context of intentional citalopram overdose, often with
analytical confirmation, and a dose-effect relationship has
been established across a very wide dose range. Therefore, it
is somewhat surprising that QT effects of high therapeutic
dosages have only recently been recognised. This might per-
haps be due to the smaller magnitude of QT effect that might
occur after therapeutic administration, even at the upper parts
of the normal dose range. Nonetheless, the disparity between
clinical toxicology data versus those collected by conven-
tional pharmacovigilance methods indicates that earlier signal
detection might occur if both sources of data were given
greater consideration by regulatory authorities. Clinical tox-
icology data are not routinely collected in any systematic way,
and may be more difficult to interpret due to the effect of
various confounding factors [38]. Nonetheless, such data are
important in understanding the overall risk-benefit in a clinical
setting [39]. A recent example of where toxicology data have
informed the regulatory assessment is co-proxamol, a fixed
dose combination of paracetamol and dextropropoxyphene,
where drug-induced cardiotoxicity and fatalities are readily
observed in the setting of intentional overdose despite little
observed effects within the normal therapeutic range [39, 40].

Conclusions

Data concerning the effects of citalopram indicate a dose-
effect relationship with QTc, and this relationship exists
across a wide range of therapeutic and toxic dosages. QTc
effects have been detected earlier in a clinical toxicology
context than might have been ascertained from conventional
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Fig. 1 Thorough QT study as examined by FDA and MHRA concern-
ing citalopram 20 mg daily and 60 mg daily (n0119) [1–3]. Data
presented as mean and 90 % confidence intervals; QTcF QT corrected
by Fridericia’s formula

Table 2 Adverse effects reported via the Yellow Card pharmacovigi-
lance scheme in the United Kingdom between 1995 and 2012 where
citalopram was the sole suspected active constituent (n03,684), includ-
ing fatal reports (n0155). Cardiovascular data presented as a propor-
tion of all reports [20]

Adverse
reaction

Cardiovascular
reports n0223
(6.1 %)

Fatal
cardiovascular
reports n017
(11.0 %)

Palpitations 64 (1.7 %) 0 (0.0 %)

Tachycardia 44 (1.2 %) 0 (0.0 %)

Cardiac arrest 12 (0.3 %) 1 (0.6 %)

Torsades de pointes 2 (0.1 %) 0 (0.0 %)

Ventricular fibrillation 4 (0.1 %) 0 (0.0 %)

Ventricular tachycardia 8 (0.2 %) 0 (0.0 %)

Atrial flutter & fibrillation 12 (0.3 %) 0 (0.0 %)

Extrasystoles 6 (0.2 %) 0 (0.0 %)

Bradycardia 10 (0.3 %) 0 (0.0 %)

Arrhythmia 6 (0.2 %) 3 (1.9 %)

Long QT syndrome 3 (0.1 %) 0 (0.0 %)

Cardiac conduction disorder 15 (0.4 %) 0 (0.0 %)

Heart failure 7 (0.2 %) 3 (1.9 %)

Ischaemic heart disease 21 (0.6 %) 7 (4.5 %)

Other including valvular, myocardial,
pericardial disorders

9 (0.2 %) 3 (1.9 %)
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pharmacovigilance methods, suggesting that these data
should play a greater role in informing regulatory safety
assessment.
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