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a b s t r a c t

In several case reports proarrhythmic effects of citalopram and escitalopram have been reported. Sys-
tematic analyses on prorarrhythmic effects of these drugs are not yet available.

The aim of the present study was to investigate if application of citalopram, escitalopram or halo-
peridol provokes polymorphic ventricular tachycardia in a sensitive model of proarrhythmia.

In isolated rabbit hearts monophasic action potentials and ECG showed a significant QT-prolongation
after application of citalopram (2 mM: þ47 ms, 4 mM: þ56ms, Po0.05) accompanied by an increase of
action potential duration (APD) but not dispersion of repolarization. Reduced potassium concentration in
bradycardic AV-blocked hearts provoked early afterdepolarizations (EAD) in 2 of 12 hearts but no
polymorphic ventricular tachycardia (pVT). Application of escitalopram also increased QT-interval (2 mM:
þ3 ms, 4 mM: þ30 ms, Po0.05) and APD without effects on dispersion. 3 of 10 hearts showed EAD and
pVT in 2 of 10 hearts (32 episodes).

The results were compared to 12 rabbits treated with haloperidol which led to an increase in QT-
interval (1 mM:þ62 ms; 2 mM:þ96ms; Po0.01), APD and dispersion (1 mM:þ15 ms, 2 mM:þ40 ms;
Po0.01) and induced EAD in all 12 and pVT in 10 of 12 hearts (152 episodes).

Citalopram and escitalopram demonstrated a rather safe electrophysiologic profile despite significant
QT prolongation. In contrast, haloperidol led to significant increase of dispersion of repolarization while
this parameter remained stable under the influence of citalopram or escitalopram. These results imply
that application of citalopram or escitalopram is not as proarrhythmic as some case reports might
suggest while haloperidol is torsadogenic.

& 2016 Elsevier B.V. All rights reserved.

1. Introduction

Citalopram is commonly employed for pharmacotherapy of de-
pressive disorders. The US Food and Drug Administration (FDA)
recently published revised recommendations for administration of
citalopram (Administration). In addition to a general dose reduction
recommended in 2011 citalopram now is discouraged at any dose in
patients with certain conditions predisposing for acquired long-QT-
syndrome. This includes patients with congenital prolongation of
the QT-interval, underlying structural heart disease or predisposi-
tion to low blood levels of potassium or magnesium. A significant
prolongation of the QT-interval has been described in several

clinical case reports (Deshmukh et al., 2012; Greene et al., 2008;
Isbister et al., 2007; Unterecker et al., 2012). Nonetheless, cases of
sudden cardiac death have not yet been published. Previous ex-
perimental studies have already addressed the issue of potential
proarrhythmic effects of selective serotonin reuptake inhibitors and
other antidepressants and antipsychotics. However, neither a clear
proarrhythmic potential nor a safe electrophysiologic profile could
be proven (Pacher and Kecskemeti, 2004; Pacher et al., 1999). The
remaining uncertainty whether citalopram does not only prolong
the QT interval but may also lead to proarrhythmia has been ad-
dressed in a recent review (Vieweg et al., 2012). The authors con-
clude that there is not enough data available to justify the recent
FDA recommendations (Vieweg et al., 2012).

In addition to the above named FDA publication the re-
commendations for the clinical application of escitalopram were also
changed. There are also several case reports where a significant pro-
longation of the QT-interval was observed (Mohammed et al., 2010;
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Tseng et al., 2012; van Gorp et al., 2012). In contrast, a large cohort
study with more than 3000 patients reported only moderate pro-
longation of the QT-interval (Thase et al., 2013). Excessive prolongation
of cardiac repolarization was only observed in few individuals.

The aim of the present study was to examine a possible
proarrhythmic potential of citalopram and escitalopram in a sen-
sitive whole-heart model of proarrhythmia (Frommeyer et al.,
2011, 2012). In addition, the electrophysiologic effects of both
drugs were compared to haloperidol where drug-induced proar-
rhythmia has been demonstrated before in a comparable model
(Dhein et al., 2008).

2. Materials and methods

All experimental protocols were approved by the local animal
care committee and conformed to the Guide for the Care and Use of
Laboratory Animals published by the US National Institutes of
Health (NIH Publication No. 852-3, revised 1996).

2.1. Preparation of hearts for perfusion

The method of preparing the hearts has previously been de-
scribed in detail (Milberg et al., 2002). Adult New Zealand white
rabbits were anaesthetized with sodium thiopental (200–300 mg i.
v.). After midsternal incision and opening of the pericardium, the
complete hearts were removed and immediately placed in an ice-
cold Krebs-Henseleit solution (composition in mM: CaCl2 1.80, KCl
4.70, KH2PO4 1.18, MgSO4 0.83, NaCl 118, NaHCO3 24.88, Na-pyr-
uvate 2.0 and D-glucose 5.55). The aorta was cannulated, the pul-
monary artery was incised, and the spontaneously beating hearts
were perfused at constant flow (52 ml/min) with warm (36.8–
37.2 °C) Krebs-Henseleit solution. Perfusion pressure was con-
tinuously measured during the experiments and stayed stable at
around 100 mmHg. The hearts were placed in a heated, solution-
filled tissue bath. The perfusate was equilibrated with 95% O2 and
5% CO2 (pH 7.35; 37 °C). The cannulated and perfused hearts were
attached to a vertical Langendorff apparatus (Hugo Sachs Elec-
tronic, Medical Research Instrumentation, March-Hugstetten,
Germany). The atrioventricular node was mechanically ablated at
the beginning of each experiment to allow a standardized as-
sessment of electrophysiological parameters by pacing at pre-de-
fined cycle lengths. Ablation of the atrioventricular node as per-
formed with surgical tweezers resulting in a complete atrioven-
tricular dissociation.

2.2. Electrocardiographic and electrophysiologic measurements

Signals from a simulated “Einthoven” configuration were am-
plified by a standard electrocardiogram (ECG) amplifier (filter
settings: 0.1–300 Hz) and QT interval was measured. Monophasic
action potential (MAP) recordings and stimulation were accom-
plished simultaneously using contact MAP pacing catheters (EP
Technologies, Mountain View, CA, USA). The MAP electrograms
were amplified and filtered (low pass 0.1 Hz, high pass 300 Hz).
MAPs were analyzed using specifically designed software. The
recordings were considered reproducible and, therefore, accep-
table for analysis only if they had stable baseline amplitude with a
variation of less than 20% and a stable duration measured at 90%
repolarization (APD90). Seven MAPs were evenly spread in a cir-
cular pattern around both ventricles; one MAP was recorded from
the left ventricular endocardium. Pacing at twice diastolic
threshold was performed for 1 min at each cycle length (CL) from
900 to 300 ms (Universal Programmable Stimulator, UHS 20,
Biotronik, Germany). All data were digitized at a rate of 1 kHz with
12 bit resolution and subsequently stored on a removable hard

disk (BARD LabSystem, Bard Electrophysiology, Murray Hill, Mas-
sachusetts, USA).

2.3. Protocols for ex-vivo experiments

Animals were randomly assigned to 3 groups for subsequent
treatment with citalopram (n¼13), escitalopram (n¼10) or halo-
peridol (n¼12). Cycle length- (CL) dependence of MAP duration
was investigated in all groups under baseline conditions by pacing
the hearts at CLs between 900 and 300 ms. After this first part of
the protocol, the extracellular Kþ concentration was lowered to
1.5 mM in order to facilitate the induction of early after-
depolarizations (EAD) in spontaneously beating hearts at their
slowest ventricular escape rate. Five min later, the [Kþ] was re-
turned to 5.8 mM.

Thereafter, drug effects on ventricular repolarization were in-
vestigated. Citalopram (2 mM), escitalopram (2 mM) or haloperidol
(1 mM) were administered over a period of 20 min and measure-
ments were repeated. Thereafter, an increased concentration of
one of the drugs was administered (citalopram: 4 mM, escitalo-
pram: 4 mM, haloperidol: 2 mM).

APD90 was measured as the interval between the fastest MAP
upstroke and 90% repolarization. Spatial dispersion of APD90 was
expressed as the difference between the maximum and the
minimum of APD90, simultaneously recorded from eight en-
docardial and epicardial catheters. Temporal dispersion was de-
termined in spontaneously beating hearts by analysing 30 con-
secutive beats using Poincaré plots in which each APD90 is plotted
against the preceding APD90. Measurements were performed after
20 min of drug infusion just before starting the pacing protocol. At
this time, a steady state was achieved with a very stable ven-
tricular escape rhythm between 50 and 60 bpm. The areas of the
plots were determined and their dimensions were calculated. The
mean orthogonal distance from the diagonal to the points of the
Poincaré plot was determined and referred to as temporal dis-
persion (STV¼ |Dnþ1–Dn|/[30�2), where D represents the duration
of APD90. This nomenclature has been adopted from investigations
using long-term Holter monitoring of humans, in which steady
changes tend to follow the diagonal and sudden changes (e.g. an
extrasystole) result in a deviation from the diagonal (Frommeyer
et al., 2014a; Hondeghem et al., 2001; Milberg et al., 2011;
Thomsen et al., 2004). EAD were defined as a positive voltage
deflection that interrupted the smooth contour of phase 2 or
3 repolarization of the MAP.

2.4. Data acquisition and statistical analysis

Electrograms, pressure, volume and MAPs were recorded on a
multi-channel recorder. Data were digitized online at a rate of
1 kHz with 12-bit resolution and stored on a disk. The observed
data were entered onto a computerized database (Excel 2003;
Microsoft; Redmond, USA) and statistical analysis was performed
using the SPSS Software for Windows, release 18.0.0. (SPSS Inc.,
Chicago, USA). Each continuous variable was analyzed for normal
distribution using the Kolmogorov-Smirnov test. Drug effects on
beat-to-beat variability, QT-interval, APD and dispersion of re-
polarization were assessed using General Linear Model (GLM) for
repeated measures. Pairwise multiple comparisons with Bonfer-
roni's procedure were applied to determine differences between
groups. The Chi -squared-test and the Fisher-test were used to
compare the incidences of polymorphic VT. The unpaired t-test
was used for comparisons of differences between two in-
dependent groups, whereas the paired t-test between dependent
groups. Differences are considered significant at Po0.05. Catego-
rical variables were expressed as frequency and percentage,
whereas continuous variables are presented as mean7S.D.
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