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Abstract We comprehensively reviewed published liter-
ature to determine whether it supported the link between
corrected QT (QTc) interval prolongation and torsade de
pointes (TdP) for the 11 second-generation antipsychotics
and seven second-generation antidepressants commonly
implicated in these complications. Using PubMed and
EMBASE, we identified four thorough QT studies (one
each for iloperidone, ziprasidone, citalopram, and escita-
lopram), 40 studies specifically designed to assess QTc
interval prolongation or TdP, 58 publications based on data
from efficacy and safety trials, 18 toxicology studies, and
102 case reports. Thorough QT studies, QTc prolongation-
specific studies, and studies based on efficacy and safety
trials did not link drug-associated QTc interval prolonga-
tion with TdP. They only showed that the drugs reviewed
caused varying degrees of QTc interval prolongation, and
even that information was not clear and consistent enough
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to stratify individual drugs for this risk. The few toxicology
studies provided valuable information but their findings are
pertinent only to situations of drug overdose. Case reports
were most informative about the drug—QTc interval pro-
longation—-TdP link. At least one additional well estab-
lished risk factor for QTc prolongation was present in
92.2 % of case reports. Of the 28 cases of TdP, six
(21.4 %) experienced it with QTc interval <500 ms; 75 %
of TdP cases occurred at therapeutic doses. There is little
evidence that drug-associated QTc interval prolongation by
itself is sufficient to predict TdP. Future research needs to
improve its precision and broaden its scope to better
understand the factors that facilitate or attenuate progres-
sion of drug-associated QTc interval prolongation to TdP.

Key Points

Current literature does not provide sufficient and
consistent information to stratify second-generation
antipsychotics and antidepressants for their potential
to prolong the corrected QT (QTc) interval and/or
cause torsade de pointes (TdP).

QTec interval prolongation associated with second-
generation antipsychotics and antidepressants is by
itself not sufficient to cause TdP.

TdP can occur at therapeutic doses of second-
generation antipsychotics and antidepressants and
with a QTc interval <500 ms.

Future research needs to improve its precision and
broaden its scope to better understand the factors that
facilitate or attenuate progression of drug-associated
QTec interval prolongation to TdP.
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1 Introduction

Torsade de pointes (TdP) is a potential complication of
several psychotropic medications but is difficult to study
because of its rarity. Prolonged corrected QT (QTc)
interval is often associated with TdP. Regulatory agencies
such as the USA Federal Drug Administration (FDA) use
the QTc prolonging effect of marketed drugs as a surrogate
marker to monitor their safety and take necessary action if
concerning data emerge.

We have written on the topic of psychotropic drug-
associated QTc interval prolongation and TdP for the last
several years [1, 2]. In our recent publications [3-7],
mostly triggered by the recent FDA-issued warnings for
citalopram [8] and quetiapine [9], we showed that, at
therapeutic doses, QTc interval prolongation by itself was a
poor predictor of TdP. We asserted that the current
approach to studying psychotropic drug-associated TdP
over-emphasizes QTc interval prolongation as a risk factor
and ignores other risk factors that are concurrently present
in most cases of psychotropic drug-associated TdP. While
preparing these manuscripts, we observed that current lit-
erature lacked rigor and clarity to reliably categorize
individual psychotropic drugs for their risk to prolong QTc
interval or cause TdP. To study this observation further, we
decided to comprehensively review the literature on sec-
ond-generation antipsychotics (SGAPs) and second-gen-
eration antidepressants (SGADs) commonly implicated in
QTec interval prolongation and TdP.

2 Methods

2.1 Identification of Second-Generation Antipsychotics
(SGAPs) and Antidepressants (SGADs) of Interest

We used the CredibleMeds website [10] to identify SGAPs
and SGAD:s for this review. CredibleMeds is a component
of the Arizona University-Based Center for Education and
Research on Therapeutics (AZCERT) with a special focus
on drugs that prolong the QT interval and cause sudden
death. CredibleMeds specifies four categories of risk. Three
of these categories are described in Table 1. The drugs in
these three categories, along with certain cardiac drugs,
make the fourth list of drugs that should be avoided in
patients with inherited long QT syndrome. All nine SGAPs
(amisulpride, clozapine, iloperidone, olanzapine, paliperi-
done, quetiapine, risperidone, sertindole, and ziprasidone)
and seven SGADs (citalopram, escitalopram, fluoxetine,
mirtazapine, paroxetine, sertraline, and venlafaxine) listed
in various CredibleMeds drug categories as of November
2013 were included in this review (Table 1).
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2.2 Method of Literature Search

We searched PubMed and EMBASE (including MED-
LINE) in November 2013 for English language literature
without setting any other limits. Our search terms included
a combination of the names of medications included in this
review with (QT OR QT prolongation OR QTc OR QTc
prolongation OR torsades de pointes OR torsade OR TdP
OR sudden cardiac death OR SCD). From the 598 results in
PubMed and 324 results in EMBASE, we excluded reviews
(127 in PubMed and 147 in EMBASE) and animal studies
(45 in PubMed and 15 in EMBASE). We then merged the
two sets of results and removed 42 duplications. The
remaining 546 publications formed the core of our litera-
ture search. We also identified a few additional studies
from the reference lists of the selected publications.

2.3 Literature Summary and Synthesis

We reviewed abstracts, or full-text articles when abstracts
were not available, of all our search results to determine
how best to present the literature. The publications were
heterogeneous in methodology, scope, method used to
measure QTc interval, definition of QTc interval prolon-
gation, and quality. Setting arbitrary exclusion or inclusion
criteria to limit the number of publications would have
compromised the comprehensive scope of this review. We
decided to summarize all the studies that provided clear
information about QTc prolongation with values and/or
TdP.

We summarized the literature under two major sections:
one each for SGAPs (Sect. 4) and SGADs (Sect. 5). Within
each of these sections, we summarized literature pertinent
to individual SGAPs and SGADs under five categories
described below in Sect. 3. At the end of the SGAPs and
SGADs sections, we appraised the literature to determine
whether it allowed us to rank individual SGAPs and
SGAD:s for their risk to prolong QTc interval and/or cause
TdP.

3 Categories of Studies of SGAPs and SGADs
Associated with the Risk of QTc Interval
Prolongation and/or Torsade de Pointes (TdP)

3.1 Studies Using the Approach Suggested
for a Thorough QT (TQT) Study

The International Conference on Harmonisation (ICH) of
Technical Requirements for Registration of Pharmaceuti-
cals for Human Use provides guidance on the clinical
evaluation of QT/QTc interval prolongation and proar-
rhythmic potential for non-antiarrhythmic drugs [11, 12].



QTc Interval Prolongation with Second-Generation Antipsychotics and Antidepressants 889

Table 1 Second-generation antipsychotics and second-generation antidepressants listed in various categories defined by CredibleMeds [10] as

of November 2013

Category (number of
all drugs)

Category description

SGAPs or SGADs in the category

Drugs with a risk of

Tdp (40) at recommended dosages

Drugs with a Drugs for which their TdP risk depends on specific
conditional risk of conditions, such as overdose or drug—drug interactions
TdP (35)

Drugs with a possible

risk of TdP (66) evidence requirements for TdP causality

Drugs that have a well established risk of TdP when taken

Drugs that are known to prolong QT, but do not meet the

SGAPs: None
SGAD:s: citalopram and escitalopram
SGAPs: amisulpride

SGADs: fluoxetine, paroxetine, and sertraline

SGAPs: clozapine, iloperidone, olanzapine, paliperidone,
quetiapine, risperidone, sertindole, and ziprasidone

SGADs: mirtazapine and venlafaxine

SGAD second-generation antidepressant, SGAP second-generation antipsychotic, 7dP torsades de pointes

Studies designed based on the guidance are referred to as
thorough QT (TQT) studies. A TQT is typically conducted
during the early phase of drug development in healthy
individuals to determine the effect of the study drug on
cardiac repolarisation, as measured by QT/QTc prolonga-
tion, with and without metabolic inhibition of the study
drug. It has high sensitivity to detect small changes in QTc
interval. A positive control (i.e., a drug known to prolong
the QTc interval) is employed for assay sensitivity. The
positive control should have an effect on the mean QT/QTc
interval of about 5 ms (i.e., an effect that is close to the QT/
QTc effect that represents the threshold of regulatory
concern, around 5 ms). A TQT study is considered positive
if the upper bound of the one-sided 95 % confidence
interval for time-matched and placebo-adjusted increase in
QTc interval from baseline exceeds 10 ms at any time
during the study. Study drugs exceeding the regulatory
threshold of interest may be subject to further electrocar-
diographic (ECG) follow-up studies during later stages of
development. Studies that generally followed this design
were categorized as “TQT studies’ in this review.

3.2 QTc Prolongation-Specific Studies

Studies that specifically assessed QTc prolongation (or
TdP) but were not TQT studies or toxicology studies are
categorized as ‘QTc prolongation-specific studies’. Most of
these studies followed an open-label, non-randomized
design, had a small sample size, and can be broadly cate-
gorized as observational or cross-sectional studies.

3.3 Toxicology Studies with Information on QTc
Prolongation

Studies assessing the effects of toxic ingestion of
SGAP(s) or SGAD(s) on QTc interval or TdP were cate-
gorized as ‘toxicology studies’. Overall, these studies fol-
lowed a very similar design—analysis of ECGs of patients

presenting with an overdose of the specified drug to
determine changes in the QTc interval.

3.4 Efficacy and/or Safety Studies with Information
on QTc Prolongation

Efficacy and safety studies that specifically reported QTc
prolonging effect(s) of the drug(s) were categorized as
‘efficacy and safety studies’. Most of these studies were
randomized and placebo-controlled, many were double-
blinded, and several had an active comparator. Most of the
studies excluded patients with cardiovascular or other
medical comorbidities. Studies separately analyzing data
from safety and efficacy trials for the effect of drug(s) on
QTec interval were included in this category instead of the
‘QTc prolonging-specific studies’ category.

3.5 Case Reports

Case reports were included if information about the
drug(s) implicated and values for QTc interval prolon-
gation and/or information about TdP was provided. We
identified additional well established risk factors for QTc
prolongation in the case reports [8, 13—15]. Specifically,
these were (1) age >60 years, (2) female sex, (3) drug
overdose, (4) metabolic inhibition of the drug by another
drug (only well known interactions were counted), (5)
hepatic impairment, (6) concurrent use of another QTc
prolonging drug, (7) hypokalemia, (8) hypomagnesemia,
(9) presence of cardiac disease (coronary heart disease,
cardiac conduction or structural problems, or heart fail-
ure), and (10) congenital long QT syndrome or docu-
mentation of prolonged QTc before exposure to the
culprit drug.

The number of studies for SGAPs and SGADs grouped
into the above-mentioned categories are listed in Supple-
mentary Tables 1 and 2, respectively. These studies are
summarized in several tables and supplementary tables.
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4 Studies of QTc Prolongation for Individual SGAPs
4.1 Amisulpride

We did not find a TQT study of amisulpride. In the only
QTc prolongation-specific study including amisulpride [16]
(Table 2, study 13), amisulpride did not significantly pro-
long QTec interval.

We found two amisulpride toxicology studies (Table 3,
studies 1 and 2) [17, 18]. In a study [17] of 83 cases of
amisulpride overdose with 440 ECGs, abnormal QT heart
rate (HR) pair on QT nomogram occurred in 61 (73 %)
cases. TdP occurred in six (7 %) patients; all had an
abnormal QT-HR pair. The only case of citalopram co-
ingestion (560 mg) experienced an abnormal QT-HR pair
but did not experience TdP. The second amisulpride toxi-
cology study [18] seemingly drew data from the first one
[17] and found that prolonged QTc interval defined as
Bazett’s formula-corrected QTc interval (QTcB) >500 ms,
Fridericia’s formula-corrected QTc interval (QTcF)
>500 ms or an abnormal QT-HR pair, all predicted TdP.

In the only efficacy and safety study of amisulpride
(Supplementary Table 3) [19], data were pooled from 11
clinical studies of amisulpride. The incidence of prolonged
QTc interval (>450 ms in men and >470 ms in women)
was comparable for amisulpride (3.5 %), risperidone
(3 %), and haloperidol groups (1 %). An increase in QTc
interval >60 ms was observed in 1 % of amisulpride-
treated patients but in none in the other two groups.

In ten case reports of amisulpride-related QTc prolon-
gation (Supplementary Table 4 and Table 4) [20-25], nine
(90 %) cases had at least one additional well established
risk factor. A QTc interval >500 ms was observed in seven
(70 %) cases. TdP occurred in three cases (30 %); in one
case with a QTc interval <500 ms, who had tolerated thi-
oridazine for several years without such a complication.

4.2 Clozapine

We did not find a TQT study of clozapine; we found five
QTec prolongation-specific studies for it (Table 2, studies 1,
2, 13, 18, and 19) [16, 26-29]. In a study [26] of 82 adult
patients switched from other SGAPs to clozapine, there
was no difference in mean QTcB interval or in number of
patients with prolonged QTcB interval before or 18 weeks
after clozapine treatment. The QTcB interval of one patient
previously taking quetiapine decreased from 550 to
453 ms. Kang et al. [27] monitored ECGs in 61 adult
patients and found a correlation between the dose of clo-
zapine and QTc interval. Two patients showed prolonged
QTc interval on clozapine; in one of them, it decreased
from 533 to 430 ms despite ongoing clozapine treatment.
In a study [16] of 13 adult patients, clozapine prolonged
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QTec interval from baseline but not significantly. In another
study [28] of 56 patients, the mean QTcB interval
was >500 ms in each of the three treatment groups (clo-
zapine, haloperidol, and olanzapine) and significantly
longer than the mean QTc interval (345.2 ms) of the
healthy control group. In a large cross-sectional study [29],
the mean QTcB interval in clozapine-treated group
(397 ms) was significantly longer than the risperidone
(389 ms; P < 0.009) and the first-generation antipsychotic
(392 ms; P < 0.04) groups. QTc was more common in
women (7.3 %) than in men (3.2 %) and in patients with
(10 %) than without cardiovascular disease (3.9 %).

The only clozapine toxicology study [30] we found
(Table 3, study 3) observed QTc prolongation (defined as
QTc >390 ms for males and QTc >440 ms for females) in
8.2 % of the cases.

We found six efficacy and safety studies including clo-
zapine as a treatment (Supplementary Table 3, studies 2—7)
[31-36]. Five of these studies [31-35] involved the addi-
tion of another antipsychotic to ongoing clozapine treat-
ment and did not provide information specific to clozapine
itself. The sixth study [36] compared ziprasidone versus
clozapine. The mean change in QTcB was comparable in
both treatment groups. The incidence of QTcB >450 ms
was higher in the clozapine group (14.1 %) than in the
ziprasidone group (4.5 %).

We found five published case reports of clozapine-
associated QTc prolongation (Supplementary Table 5 and
Table 4) [37-41]. None of these cases were of clozapine
overdose and none experienced TdP. In two cases, QTc
prolongation occurred after a cardiac event. In two other
cases, QTc prolongation was also observed with haloperi-
dol and olanzapine.

4.3 Tloperidone

The TQT study for iloperidone [42] was a randomized,
open-label, parallel-group study. Adults with schizophrenia
or schizoaffective disorder with normal ECG (QTc inter-
val <460 ms) at baseline and without significant medical
illness were randomized to receive iloperidone 8 mg twice
daily (bid) (N = 28), 12 mg bid (N = 34), and 24 mg once
daily (od) (N = 31), ziprasidone 80 mg bid (N = 32), or
quetiapine 375 mg bid (N = 33) after a 10-day washout
period. During treatment period 1, the patients followed
fixed titration and dosing regimens to achieve the target
dose of the medication. Metabolic inhibitors were added in
study period 2 (paroxetine to iloperidone groups and
ketoconazole to the other two groups). During study period
3, ketoconazole was added to paroxetine in the iloperidone
group. Patients received several ECGs at baseline and
during the treatment phases. The QTc correction was based
on the formula QTc = QT/RR®, where ¢ denoted the
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Table 2 Summary of QTc prolongation-specific studies (except the
thorough QT and toxicology studies) for eight (amisulpride, cloza-

pine, olanzapine, paliperidone, quetiapine, risperidone, sertindole, and

ziprasidone) of the nine second-generation antipsychotics associated
with this complication. No study was found for iloperidone

Study; study design;
drug(s) included

Brief study description

Major findings pertinent to QTc interval

1

10

Grande et al. [26]; naturalistic
observational; clozapine

Kang et al. [27]; retrospective
chart review; clozapine

Suzuki et al. [49]; naturalistic
observational; olanzapine

Ranjbar et al. [97]; naturalistic
observational; risperidone

Chiu et al. [99]; naturalistic
observational; risperidone

Llerena et al. [100]; cross-
sectional; risperidone

Yerrabolu et al. [98]; retrospective
review; risperidone

Nielsen et al. [120]; naturalistic
observational; sertindole

Atmaca et al. [119]; naturalistic
observational; sertindole

Blair et al. [122]; naturalistic
observational; ziprasidone

Effect of clozapine tx on Bazett’s formula-corrected
QT interval (QTcB) was studied in 82 adult pts
(mean age 31.2 years; 58 males) who were switched
to clozapine from risperidone (N = 32), olanzapine
(N = 17), quetiapine (N = 13), ziprasidone
(N = 3), amisulpride (N = 1), aripiprazole (N = 1),
and paliperidone (N = 1). ECGs were obtained
before and 18 weeks after the switch. Prolonged
QTcB was defined as >450 ms in men and >470 ms
in women

Pre- and post-tx ECGs of 61 pts treated with clozapine
were reviewed through retrospective chart review.
165 recordings from 51 pts were deemed suitable to
be examined for QTc interval changes

The effect of olanzapine dose on QTcB interval was
studied in 26 adult pts as their dose of olanzapine
was increased. ECG was recorded at baseline and
again once individual pts had been on an increased,
stable dose of olanzapine for >3 weeks

120 adult pts receiving risperidone for the first time (tx
cohort) were compared with 60 psychiatric pts
(details about diagnosis and medications not
provided) not receiving risperidone (comparison
cohort). ECG was obtained on admission, 1 week
afterwards, and upon discharge

In this 42-day open-label study, ECGs were obtained
on 72 adult pts with schizophrenia (mean age
33.8 years; 43 male) before initiating risperidone
and at end of study (mean dose 3.7 mg/day)

The present study evaluated the influence of CYP2D6
and CYP2C9 genotypes, and plasma concentrations
of risperidone and 9-OH-risperidone on the QTc
interval under steady-state conditions in 35 White
European pts on risperidone monotherapy

Effect of risperidone tx on QTc interval and QTc
dispersion was studied in 20 pts by analysing pre-
and post-tx ECGs

ECG obtained at baseline and at steady state in 37 pts
(mean age 36 years, 21 males) switched to
sertindole. ECG was analysed for QTcF, QT
dispersion, and fpeak—tend

In 21 pts (mean age 27.3 years; 9 females) with
schizophrenia, sertindole was initiated at 4 mg/day
and gradually raised to 12 mg/day by day 9.
Subsequently, dose could be increased up to 20 mg/
day. QTc values were determined at baseline, and
months 3 and 6

20 youth (mean age 13.2 years; range 8-19; 80 %
males) received low-dose ziprasidone (mean dose
30 mg/day, range 30-60) and were followed for 1-6
months (mean 4.6). ECGs were obtained at baseline,
weeks 1, 2, 3, 4, 6, 8, 12, and monthly thereafter

The mean QTc¢B interval before and after clozapine tx
was similar. Nine pts had prolonged QTcB interval
before initiation of clozapine and 13 pts after
clozapine tx. The difference was not significant.
Only one pt receiving quetiapine had a QTcB
interval >500 ms at baseline. His QTcB interval
decreased from 550 to 453 ms after clozapine tx

Significant positive correlation between the dose of
clozapine and increase in QTc interval. QTc interval
was abnormally prolonged (not defined) in two pts.
In one of them, it decreased from 533 to 430 ms
after 1 month despite continued clozapine tx

Olanzapine was increased from a mean dose of 7.1 to
18.1 mg/day. Mean QTcB interval increased
significantly (P = 0.031) by 8.0 ms (range
1646 ms) between the two periods. None of the pts
exceeded the defined normal threshold (430 ms for
males and 450 ms for females)

Multivariate longitudinal data analysis, using
between-effects model, to manage multiple
measurements over time found the overall QTcB
trend to be different between the groups (P < 0.01).
Of the 6 leads analysed for QTcB interval, a
significant increase in QTcB interval from baseline
to week 1 and discharge was observed in most but
not all leads

The mean QTcB interval did not change significantly
after tx (403.2 ms at baseline and 397.2 ms at
endpoint). Exclusion of 3 pts with QTcB
intervals >450 ms (451, 475, and 484 ms) at
baseline did not alter results. After tx, all pts had
QTcB intervals <450 ms

No correlations found between QTc interval and dose
or plasma concentrations of risperidone and 9-OH-
risperidone. CYP2C9 genotypes were not related to
plasma concentrations of risperidone or 9-OH-
risperidone, nor with QTc interval

Mean QTc increased significantly from 417 to 426 ms
after risperidone tx. Risperidone tx did not change
QTc dispersion significantly

Mean QTCcF interval increased significantly from
baseline by 20 ms after tx with sertindole
(P < 0.01). No significant effect on QTc dispersion
or increased duration of the fpeax—Zena interval from
baseline was found

Mean QTc was significantly greater at 6 months
(402.8 ms) than baseline (391.7 ms). At any
evaluation point, only 1 female (451 ms) and 1 male
(433 ms) had borderline prolongation, both at month
3

Significant increase (28 ms) in the mean QTcB from
baseline (402 ms) to peak values (430 ms). The
maximal increase from baseline was 114 ms. Eight
pts experienced QTc >440 ms while on ziprasidone;
three of those had intervals of >450 ms. The highest
observed value was 470 ms
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Table 2 continued

Study; study design;
drug(s) included

Brief study description

Major findings pertinent to QTc interval

11

12

13

14

15

16

17

18

Emull et al. [123]; naturalistic
observational; ziprasidone

Levy et al. [124]; retrospective
case-series; ziprasidone

Agelink et al. [16]; naturalistic
observational; amisulpride,
clozapine, olanzapine, sertindole

Suzuki et al. [50]; naturalistic
observational; aripiprazole,
olanzapine

Suzuki et al. [51]; naturalistic
observational; aripiprazole,
olanzapine, quetiapine,
risperidone

Suzuki et al. [48]; cross-sectional;
aripiprazole, olanzapine,
quetiapine, risperidone

Germano et al. [101]; naturalistic
observational; aripiprazole,
risperidone

Cohen et al. [28]; cross-sectional;
clozapine, haloperidol,
olanzapine

Study included 11 adult inpts with schizophrenia
(mean age 39.2 years; 4 females) who were drug
free for at least 4 weeks and 11 healthy controls
(mean age 37.8 years; 4 females). ECGs were
obtained at baseline and 1.5-2 h after ziprasidone
injection

15 adult pts (mean age 44 years, range 23-58; 80 %
males) received high-dose ziprasidone for
intractable psychotic symptoms. Of the 15 subjects,
8 were taking 240 mg/day, 1 was taking 300 mg/
day, 6 were taking 320 mg/day of ziprasidone at the
time of their post-tx ECGs

ECGs were obtained from 51 medication-free adult
inpts with schizophrenia before and after an average
of 14.1 days of tx with amisulpride 400 mg/day
(N = 12), olanzapine 20 mg/day (N = 13),
sertindole 12 mg/day (N = 13), or clozapine
100 mg/day (N = 13)

19 adult outpts with schizophrenia on a stable dose of
olanzapine for >3 months were cross-tapered to
aripiprazole. ECGs were obtained before the switch
and after >3 weeks of stable dose of aripiprazole

Adult inpts with schizophrenia who had received a
stable dose of aripiprazole (N = 11), olanzapine
(N = 6), or risperidone (N = 3) were cross-tapered
to quetiapine over 3 weeks. ECG assessments were
made before the switch and after stable dose of
quetiapine for >3 weeks

Study included 222 adult in- or outpts with stable
schizophrenia who were on stable doses of
aripiprazole (N = 62), olanzapine (N = 69),
quetiapine (N = 31), or risperidone (N = 60)
for >3 weeks. ECGs were done between 9:00 and
10:00 a.m.

60 youth (mean age 10.2 years, range 4—15; 55 males)
receiving aripiprazole (N = 29; final mean dose
7.4 mg/day, range 2.5-15) or risperidone (N = 31;
final mean dose 1.5 &+ 1 mg/day, range 0.5-4)
received an ECG before and 2 months after
initiation of tx

ECGs were obtained on 56 pts receiving clozapine
(N = 21; mean age 32.8 years; 13 females; mean
dose 400 mg/day), haloperidol (N = 18; mean age
40.7 years; 11 females; mean dose 15.4 mg/day) and
olanzapine (N = 17; mean age 34 years; 10
females; mean dose 14.8 mg/day), and 56 matched
healthy controls

Changes between baseline and the period after
parenteral ziprasidone administration in P-wave
duration, P-wave dispersion, QTc, QTc(max),
QTc¢(miny, and QT dispersion variables were not
significant. The initial P-wave dispersion was
significantly longer in pts than in healthy controls
(P < 0.05)

Mean QTcB before (415 ms) and after (415.9 ms)
high-dose ziprasidone tx were similar. The
difference remained non-significant after excluding
a pt whose pre- to post-tx QTc had decreased by
35 ms. Maximum post-tx QTc was 452 ms and no
cases had a pre- to post-tx QTc interval
increase >20 ms

All txs prolonged mean QTcB interval, but the
increase was significant only for sertindole
(P < 0.05). Three pts showed an abnormal QTc
prolongation—one pt from the sertindole group had
a QTcb Interval of 503 ms, and two treated with
olanzapine showed an increase >75 ms from
baseline

The mean QTcB interval decreased significantly from
403.8 to 390.7 ms after switching from olanzapine
to aripiprazole

QTcB interval increased for all txs after switch to
quetiapine. The mean change in QTcB interval for
all 20 pts (P = 0.014) and for pts switched from
aripiprazole to quetiapine (P = 0.004) was
significant. Daily dose of quetiapine was similar
among all three groups

Mean QTcB interval of quetiapine group (415.3 ms)
was significantly longer than that of risperidone
(396.3 ms) (P = 0.002) and aripiprazole groups
(400.7 ms) (P = 0.029), and that of the olanzapine
group (410 ms) was significantly longer than that of
the risperidone group (396.3 ms) (P = 0.006). The
difference in the mean QTcB interval among the
four groups was significant for female (P = 0.002)
but not for male pts

Risperidone tx was associated with a significant
increase in mean QTcB interval from 407.4 to
411.2 ms (P < 0.05) but aripiprazole tx was not. No
pt exhibited QTcB intervals >450 ms or >60 ms
increase from baseline

Mean QTcB was 502.9 ms for clozapine, 517.8 ms for
haloperidol, and 504.6 ms for olanzapine groups vs.
345.2 ms for control group (P < 0.0001). 15
(71.4 %) pts treated with clozapine, 12 (66.7 %)
treated with haloperidol, and 11 (64.7 %) treated
with olanzapine had prolonged (not defined) QTcB
interval
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Table 2 continued

Study; study design;
drug(s) included

Brief study description

Major findings pertinent to QTc interval

19  Yang et al. [29]; case-controlled;

clozapine, risperidone, FGAs

20 Meyer-Massetti et al. [56];
pharmaco-vigilance;
haloperidol, olanzapine,
quetiapine

21 Miceli et al. [125]; observational;

haloperidol, ziprasidone

22 Miceli et al. [126]; prospective,

randomized, open-label,
parallel-group; haloperidol,
ziprasidone

23 Ogzeki et al. [55]; cross-sectional;

olanzapine, quetiapine,
risperidone, others

ECGs were obtained from 1,006 inpts with chronic
schizophrenia (mean age 50.2 years; 689 females)
taking antipsychotics and adult age- and sex-
matched 456 controls. Antipsychotic drug tx the pts
had been taking consisted mainly of monotherapy
with clozapine (N = 365), risperidone (N = 184),
and FGAs (n = 457). QTcB prolongation was
defined as a mean value of two standard deviations
above the value for controls

The study used WHO Global ICSR database VigiBase
to critically evaluate reports of QT prolongation,
TdP, and/or cardiac arrest involving intravenous
haloperidol vs. other administration routes and the
antipsychotics olanzapine and quetiapine. Reporting
ORs for the 3 antipsychotics were calculated using
previously established method

Pts with schizophrenia or schizoaffective disorder (age
range 21-72 years; 79 % male) were randomized to
receive 2 high-dose IM injections of ziprasidone (20
and 30 mg) (N = 31) or haloperidol (7.5 and
10 mg) (N = 21) separated by 4 h. Pre- and post-tx
ECGs were assessed by a reader blinded to tx. The
QT interval was corrected for HR by using baseline
R-R interval data for all individuals.

The study included pts with schizophrenia or
schizoaffective disorder with no clinically
significant abnormality on ECG. Pts underwent a
3-day PL washout period before being randomized
to receive escalating doses of ziprasidone (N = 26)
or haloperidol (N = 24) to reach steady state. Serial
ECGs were done at baseline and at each steady-state
dose level. Plasma sample were collected at the
predicted time of peak exposure to the administered
drug

A cross-sectional study in which 1,017 pts with
schizophrenia received ECG to determine the
potential for antipsychotic drugs to prolong the QTc
interval (defined as >470 ms in men and >480 ms
in women using the Bazett formula). Logistic
regression analysis was used to calculate the
adjusted RR

QTcB prolongation was present in 4.5 % of all pts.
Significantly fewer men (3.2 %) than women
(7.3 %) displayed QTcB prolongation (P = 0.004;
adjusted for variables). QTc intervals were shorter in
male (mean 391 ms) than female subjects (mean
400 ms) (P < 0.001). QTc interval prolongation was
more common in pts with than without
cardiovascular disease (P < 0.005). Clozapine
group had longer mean QTcB interval (397 ms) than
the risperidone (389 ms; P < 0.009) and FGA
groups (393 ms; P < 0.04). No significant
difference in QTc interval was noted between the
risperidone and FGA groups

The absolute number of ICSR regarding QT
prolongation, TdP and/or cardiac arrest was
haloperidol (365 cases), olanzapine (489),
quetiapine (520). Daily dose of olanzapine, based on
75 cases with relevant information, ranged from
1.25 to 700 mg (average dose 25 mg; median dose
10 mg). The quetiapine reports contained 89/520
(17.1 %) detailed case descriptions. Daily
administered doses ranged from 25 to 4,500 mg
(average 623 mg; median 400 mg). The difference
in the reporting ORs of haloperidol and quetiapine
was not statistically significant. Olanzapine was
associated with a slightly lower reporting OR

Baseline QTc, QT interval, and HR were not
significantly different between the 2 tx groups.
Increase in QTc interval in both groups was
concentration dependent. Maximum QTc
prolongation was observed from 15 min to 2 h after
each injection of ziprasidone, and from 15 min to
1.5 h (first injection) or 2.5 h (second injection)
after each injection of haloperidol. No pts had
prolonged QTc interval >480 ms. Two pts in the
ziprasidone group (none in haloperidol group) had
an increase in QTc >60 ms relative to the time-
matched baseline values

Mean changes from baseline in the QTc interval (ms)
for ziprasidone were 4.5, 19.5, and 22.5 for steady-
state doses of 40, 160, and 320 mg/day,
respectively; and for haloperidol, —1.2, 6.6, and 7.2
for steady-state doses of 2.5, 15, and 30 mg/day,
respectively. No pt in either tx group experienced a
QTc interval >450 ms. QTc interval
increased >30 ms in 1 (4 %), 11 (42 %) and 17
(65 %) ziprasidone-treated pts at 40, 160 and
320 mg/day, respectively, and in 1 (4 %), 3 (13 %),
and 5 (21 %) haloperidol-treated pts at 15 and
30 mg/day, respectively. One pt (4 %) on
ziprasidone 320 mg/day experienced a 61 ms
increase in QTc interval

Prevalence of QTcB prolongation was 2.5 % (male
3.7 %; female 1.0 %). Chlorpromazine (RR for
100 mg = 1.37; P < 0.005), IV haloperidol (RR for
2 mg = 1.29; P < 0.001), and sultopride (RR for
200 mg = 1.45; P < 0.001) were associated with an
increased risk of QTc prolongation. SGAPs
(olanzapine, quetiapine, risperidone, zotepine),
mood stabilizers, benzodiazepines, and
antiparkinsonian drugs did not prolong the QTcB
interval
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Table 2 continued

Study; study design;
drug(s) included

Brief study description

Major findings pertinent to QTc interval

24

25

26

27

28

29

Huang et al. [53]; naturalistic
observational; olanzapine,
risperidone

Watanabe et al. [52]; case-
controlled; olanzapine,
risperidone

de Castro et al. [54]; case-
controlled; olanzapine,
risperidone, quetiapine

Hough et al. [75]; Randomized,
double-blind, PL-controlled;
paliperidone ER, quetiapine, PL

Nahshoni et al. [102];
Retrospective chart review;
risperidone, clotinapine,
propericiazine

Suzuki et al. [76]; Cross-sectional;
risperidone, paliperidone

Pts (mean age 36 years, range 22-61) with poor
response to olanzapine (N = 12) or risperidone
(N = 12) were cross-switched to risperidone and
olanzapine, respectively. ECGs were obtained
before the switch and 3 months after the switch

Investigated the circadian dynamics of the QT interval
in pts treated with risperidone (N = 25; 11 females;
mean age 39 years) or olanzapine (N = 41; 17
females; mean age 34 years) and healthy controls
(N = 40; 19 females; mean age 34.7 years) using a
24-h Holter ECG

38 youth (mean age 15.1 years; 26 male) who took
olanzapine (N = 12), quetiapine (N = 8), or
risperidone (N = 20) for 6 months without
interruption and 14 age- and gender-matched
healthy control subjects were followed for changes
in QTc interval. ECGs were obtained at baseline and
at 6-month period

Adult pts (N = 109) with schizophrenia or
schizoaffective disorder randomly assigned in 2:2:1
ratio to paliperidone ER, quetiapine, or PL. All pts
went through a PL washout phase of up to 6 days,
including 2 days of serial ECG measurements to
establish the baseline population-specific linear-
derived correction method (QTcLD) interval. Tx
phase included 1 day of open-label tx with
moxifloxacin (to establish assay sensitivity) and
10 days of double-blind tx. Serial, time-matched
ECG triplicate readings were also recorded at
specific times on days 1, days 6 and 11, and days 7
and 12

Retrospectively, charts of 12 children (mean age
5.8 years; 4 girls) were reviewed to determine pre-
and post-tx (risperidone [n = 7], clotinapine
[n = 1], and propericiazine [n = 4]) ECG changes
Evaluated associations between risperidone (mean
dose 4.4 mg/day), its 9-hydroxy metabolite
paliperidone, and QTcB interval in 61 adult pts who
had been on stable dose of risperidone
for >4 weeks. ECGs were obtained between 9:00
and 10:00 a.m. the same day

Mean QTcB interval increased significantly from
393.8 to 421.6 ms (P = 0.019) after switch to
risperidone, and decreased insignificantly from
413.9 to 407.7 ms after switch to olanzapine. After
the switch, mean QTcB interval was significantly
(P = 0.017) longer in the risperidone group
(417.9 ms) than the olanzapine group (400.5 ms).
No pt had a QTc interval >480 ms

Mean night-time QTcF of risperidone group
(411.6 ms) was significantly longer than that of
olanzapine (395.9 ms) and control (387.8 ms)
groups, but mean daytime QTcF for risperidone and
olanzapine groups did not differ significantly

For pt group, mean QTcB interval increased from
387.3 ms at baseline to 393.6 ms after 6 months.
Increase was not statistically significant. In the
control group, mean QTcB interval decreased
slightly (—1 ms) from baseline to 6 months. The
difference between QTcB changes in pts and
controls was not significant. No pt had a QTcB
interval >450 ms

At steady state, the least-squares mean change (A) in
QTcLD at individual #,,,x (the time after
administration of a drug when maximum plasma
concentration is reached) was 1.1 ms for
paliperidone ER 12 mg od and 6.1 ms for quetiapine
400 mg bid (days 6-7). Least-squares mean
difference in AQTcLD at individual ¢,,,, between
paliperidone ER 12 mg od and quetiapine 400 mg
bid (days 6-7) was estimated to be —5.1 ms and it
did not exceed the prespecified ‘non-inferior’
criterion of 10 ms. Similarly, AQTcLD at days
11-12 at individual #,,,, for paliperidone ER 18 mg
od was 2.3 ms lower than quetiapine 800 mg/day
bid (3.7 vs. 6.0 ms). Noninferiority of both doses of
paliperidone ER to quetiapine was established

QT interval, QT dispersion, and QTc values were all
within normal values both before and after
successful drug tx

No correlation between risperidone dosage/plasma
levels and QTcB interval. Significant positive
correlation between plasma paliperidone level and
QTcB (r = 0.361; P = 0.004). QTc interval
exceeded normal values (430 ms) in one of 37 male
pts but none (450 ms) of the female pts

bid twice daily, CYP cytochrome P450, ECG electrocardiogram, ER extended release, FGA first-generation antipsychotic, HR heart rate, /CSR Individual
Case Safety Report, IM intramuscular, inpt inpatient, /V intravenous, od once daily, OR odds ratio, outpt outpatient, PL placebo, pt(s) patient(s), QTcB
Bazett’s formula-corrected QT interval, QTcF Fridericia’s formula-corrected QT interval, RR relative risk, SGAP second-generation antipsychotic, TdP
torsades de pointes, #,,, the time after administration of a drug when the maximum plasma concentration is reached, zx treatment, WHO World Health
Organization

correction factor. Four corrections (Bazett, Fridericia,
FDA, and baseline) were used to calculate QTc intervals.
QTcF was used as the primary correction method. Mean
QTcF changes from baseline to steady state at f#,,,x (the
time after administration of a drug when the maximum
plasma concentration is reached) in treatment period 1
were 8.5 ms with iloperidone 8 mg bid, 9.0 ms with ilo-
peridone 12 mg bid, 15.4 ms with iloperidone 24 mg od,
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9.6 ms with ziprasidone, and 1.3 ms with quetiapine. The
mean QTc changes at f,,,x followed similar patterns with
all four correction factors. During treatment periods 2 and
3, the mean changes in QTcF from baseline to steady state
fmax Were numerically higher in all treatment groups than
the values for treatment period 1. Ten patients experienced
QTc changes >60 ms from baseline in any treatment per-
iod, all of whom received iloperidone: three patients
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interval prolongation and torsade de pointes. No study was found for
iloperidone, olanzapine, paliperidone, and sertindole

Table 3 Summary of toxicology studies for five (amisulpride,
clozapine, quetiapine, risperidone, and ziprasidone) of the nine
second-generation antipsychotics considered to carry the risk of QTc

Study; study design; Major findings pertinent to QTc interval

study drug(s)

Brief study description

1 Isbister et al. [17];
retrospective review;

Cases (N = 83; median age 29 years; 42 females) of
amisulpride overdose (>1 g) over a period of 5 years

Median ingested dose was 6 g (IQR 1.2-120 g).
Median HR was 66 beats/min. Bradycardia occurred

amisulpride

Joy et al. [18];
retrospective review;
amisulpride

Kramer et al. [30];
retrospective case
study; clozapine

Eyer et al. [80];
retrospective review;
quetiapine

Isbister and Duffull [81];
retrospective review;
quetiapine

Balit et al. [79];
retrospective review;
quetiapine

Page et al. [103];
prospective case series;
risperidone

were identified and copies of their ECGs were
obtained. QRS and QT intervals were manually
measured and plots of QT-HR pairs were compared
with the QT nomogram

Reviewed ECGs from a case series of 86 amisulpride
overdose events (age range 15-57 years; 44 males,
42 females) in 66 pts to investigate whether
magnitude of QT prolongation is a better predictor of
TdP than either the occurrence of QT prolongation
per se or dose of drug

73 acute clozapine mono-intoxications (mean age
45.1 years; 40 females; mean dose 1,490 mg)
between 1995 and 2007

Pts admitted to a toxicology ICU between 2005 and
2011 with a predominantly quetiapine overdose
(N = 205 17 females; median age 38 years; median
ingested dose 9.8 g) were identified by retrospective
chart review. Pts with multiple co-ingestions were
excluded. QTcB interval considered abnormal
if >440 ms in men and >450 ms in women. A QT
interval vs. HR nomogram was plotted using
admission ECGs

Study based on data on 176 pts (median age 32 years;
116 females) with 286 presentations of quetiapine
overdose (median dose 2 g, IQR 0.1-27) between
2000 and 2007. At least one ECG was available for
260 occasions of quetiapine overdose. QT vs. HR
was plotted on a QT nomogram to investigate QT
prolongation

Of the 45 cases of quetiapine overdose, 18 (median
age 31 years; 67 % females) with quetiapine assay
results were included. Median ingested dose was
3.5 g (4.9 g for quetiapine-only overdoses) and
highly correlated with estimated peak drug
concentration

A consecutive series of admissions for risperidone
over-dose (>6 mg) were identified from a
prospective database of poisoning admissions. 38 pts
(45 presentations; median age 25 years; 19 females)
were of risperidone-alone overdose. ECG parameters
(QRS and QT intervals) were measured manually by
one of the authors blinded to the dose of risperidone

in 20 cases (24 %), hypotension in 19 (23 %). From
440 ECGs (average 5 per case; range 1-15), an
abnormal QT-HR pair occurred in 61 cases (73 %).
TdP developed in 6 cases (7 %), with doses of 4, 4.6,
18, 24,32, and 80 g

TdP developed in eight (9.3 %) patients after
overdoses ranging from 4 to 80 g. The presence of a
prolonged QT interval QTcB >500 ms,

QTcF >500 ms, or an abnormal QT-HR pair on QT
nomogram significantly improved the prediction of
risk of TdP relative to those of dose and HR. The
magnitude of prolongation of the QT interval was a
stronger predictor of TdP than the mere presence of a
prolongation per se

QTc prolongation (QTc >390 ms for males, >440 ms
for females) was noted in 8.2 % of the cases. Study
did not specify if any pts experienced a QTc
interval >500 ms or TdP

Six quetiapine mono-intoxications. Co-ingestions (no.
of pts) for other 14 pts were sedatives (5), ethanol
(3), mirtazapine (2), nortriptyline (1), risperidone (1),
and citalopram (2). Median QTcB interval was
457 ms (IQR 425-458). Based on QT-HR
nomogram, QT interval was considered normal in 11
pts, potentially at borderline risk in 8, abnormal in
one. Fatal complications (possible arrhythmia)
occurred in one patient who had co-ingested
unknown amount of citalopram

‘At risk for TdP” HR-QT pair was observed on 24
occasions (8.4 %; 13 occasions of quetiapine alone
overdose and 11 occasions of quetiapine overdose
with co-ingested drugs). All these occurred with
HRs >100 beats/minute. No relationship between
QRS width and time of ingested dose. No
arrhythmias were reported from the available
continuous telemetry data

10 pts for whom ECGs were available and who had
ingested no other cardiotoxic drugs, the mean QTcB
interval was prolonged to 487 ms. 7 of the 10 pts had
a QTcB interval of >440 ms (defined as clinically
significant). One pt with 24 g quetiapine ingestion
had a QTcB of 535 ms. No arrhythmias and no
deaths in this series

In risperidone-alone overdose presentations, median
dose ingested was 33 mg (range 8-248). Tachycardia
(HR >100 beats/min) was noted on 26 occasions
(58 %), which did not correlate with dose. In 4 of the
41 ECGs available, there was an abnormal QT-HR
pair as defined by the QT-HR nomogram, but all
except one were associated with an HR >110 beats/
min
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Table 3 continued

Study; study design;
study drug(s)

Brief study description

Major findings pertinent to QTc interval

8 Klein-Schwartz et al.
[127]; prospective
observational;
ziprasidone

QTec interval was used for analysis

Analyzed data on 56 cases (median age 36 years,
range 18-75; 54 % females) of ziprasidone overdose
(80-6,240 mg) in which ziprasidone was either
ingested alone or co-ingested with a drug not
associated with QTc prolongation. Longest recorded

QTec interval prolongation of >500 ms (significant
prolongation) occurred in one pt. Seven additional
pts had a QTc interval of 450-500 ms (borderline
prolongation). For all eight pts, QTc prolongation
was evident by 12 h (range 0.75-12) after the
overdose. The incidence of QTc
prolongation >450 ms was not statistically higher in
women Vs. men

ECG electrocardiogram, HR heart rate, /CU intensive care unit, /QR interquartile range, pt(s) patient(s), QTcB Bazett’s formula-corrected QT
interval, QTcF Fridericia’s formula-corrected QT interval, 7dP torsades de pointes

received 8 mg bid, five patients received 12 mg bid, and
two patients received 24 mg od. These events occurred in
treatment period 1 (three patients), treatment period 2 (two
patients), and treatment period 3 (five patients). No patients
in any treatment group had QTc intervals >500 ms at any
time during the study using any QT correction formula.
QTec intervals tended to increase with increasing concen-
trations of iloperidone (P < 0.02 for concentration effects
during treatment period 2); this effect was not seen for
ziprasidone or quetiapine. For all treatment groups, a
longer baseline QTc interval was associated with a smaller
change during the treatment period.

We did not find any QTc prolongation-specific or QTc
prolongation-related toxicology studies or case reports for
iloperidone.

We found three efficacy and safety studies for iloperi-
done (Supplementary Table 3, studies 8—10) [43—45]. In a
pooled analysis of three studies [43] comparing iloperidone
(N = 371) and haloperidol (N = 118), treatment with ilo-
peridone and haloperidol produced similar changes in
QTcF from baseline. In a study comparing iloperidone with
ziprasidone [44], both drugs caused a comparable increase
in QTcF, which was significantly greater than placebo. The
third study [45] was a pooled analysis of data from three
short-term studies. Active treatments included three doses
of iloperidone (4-8 mg/day, 10-16 mg/day, and
20-24 mg/day), haloperidol, and risperidone. The mean
QTCcF interval increased with all treatments, which was
significant for iloperidone and haloperidol but not
risperidone.

4.4 Olanzapine

No TQT study has been conducted for olanzapine itself but
it was included in the study conducted for ziprasidone. In
this study [46, 47], olanzapine treatment caused a marginal
increase in QTcB interval from baseline both without
(6.4 ms) and with (5.3 ms) metabolic inhibition. Of the

A\ Adis

individuals in the olanzapine group, 4 % experi-
enced increases >60 ms in QTcB interval during the
steady-state without metabolic inhibition, which was the
same as seen in the risperidone and haloperidol groups and
lower than that of the quetiapine (11 %), ziprasidone
(24 %), and thioridazine (39 %) groups.

The 11 QTc prolongation-specific studies of olanzapine
[16, 28, 48-56] (Table 2, studies 3, 13-16, 18, 20 and
23-26) mostly had a small sample size. Agelink et al. [16]
noted an insignificant increase in QTcB interval with
olanzapine. There were four studies by Suzuki et al. In one
study [49], an increase in the dose of olanzapine signifi-
cantly increased mean QTcB interval by 8 ms but none of
the patients exceeded the defined threshold of 430 ms for
males and 450 ms for females. In another study [50], QTcB
interval decreased significantly from 403.8 to 390.7 ms
after patients were switched from olanzapine to aripipraz-
ole. In their third study [51], the QTcB interval increased
after patients were switched from olanzapine to quetiapine,
but not significantly. Lastly, they observed that the QTcB
interval of olanzapine-treated patients was significantly
longer than risperidone-treated patients [48]. Watanabe
et al. [52] noted that the mean night-time QTcF of the
risperidone group was significantly longer than that of the
olanzapine and control groups, but the mean daytime QTcF
intervals were similar.

Huang et al. [53] cross-switched 12 patients each from
olanzapine to risperidone and vice versa. The QTcB
interval increased significantly after the switch to risperi-
done, and decreased insignificantly after the switch to
olanzapine. The QTcB interval was significantly longer in
the risperidone group than in the olanzapine group. The
findings of a small study by Cohen et al. [28] are unusual.
The mean QTcB for all treatment groups (clozapine, hal-
operidol, and olanzapine) was >500 ms and significantly
longer than that of the control group (345.2 ms). de Castro
et al. [54] did not observe any significant effect of olan-
zapine treatment on the QTc interval in youth. Similarly,
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Ozeki et al. [55] did not notice an effect of olanzapine (and
several other SGAPs) on QTcB interval in a large sample
of adult patients in a ‘real-world’ setting. Meyer-Massetti
et al. [56] found 489 cases of olanzapine-associated QT
prolongation, TdP, and/or cardiac arrest (vs. 365 haloper-
idol-associated and 520 quetiapine-associated cases) in the
World Health Organization (WHO) Global Individual Case
Safety Report database. Based on 75 cases with relevant
information, the daily dose of olanzapine ranged from 1.25
to 700 mg.

We did not find any QTc prolongation-related toxicol-
ogy study for olanzapine. In the 12 efficacy and safety
publications of olanzapine [57-68] (Supplementary
Table 3, studies 11-22), ziprasidone was the active com-
parator in four studies [57-60]. Overall, ziprasidone treat-
ment was associated with a greater numerical increase in
QTc interval than olanzapine treatment, but the difference
between treatments was statistically significant in only one
study [57]. No patient had a QTc interval >500 ms with
either treatment. In the study comparing olanzapine with
sertindole [61], sertindole prolonged the QTc interval sig-
nificantly while olanzapine did not. Czekalla et al. [62]
performed a pooled analysis of four efficacy studies. A
similar number of olanzapine-treated patients had a maxi-
mum QTc interval increase (17.9 %) and decrease
(17.8 %) of =30 ms. Four out of 1,424 patients had con-
sistent post-baseline and endpoint values >450 ms, with
the greatest value being 462 ms. The marginal decrease in
QTc interval with ongoing olanzapine treatment observed
by Street et al. [63] is unreliable because the ‘baseline’ was
not truly olanzapine free.

Three publications [64—66] compared intramuscular
(IM) olanzapine with IM haloperidol in acutely agitated
patients. One [64] did not observe significant changes in
QTc interval from baseline to 24 h after treatment with
either drug or between-group (including the placebo group)
differences. The other study [66] observed that the inci-
dence of prolonged QTc interval (defined as
QTcB >430 ms for males and QTcB >450 ms for
females) was higher in the placebo group than in the
olanzapine group. The third publication [65] performed a
pooled analysis of several similar studies and concluded
that the incidences of prolonged (endpoint >99th percen-
tile of healthy adults or >500 ms) or lengthened (increa-
se >60 ms) QTc intervals during treatment with IM
olanzapine were never significantly greater than with the
comparators. Similarly, the effect of IM olanzapine on QTc
interval was comparable to that of IM lorazepam and IM
placebo in two studies [67, 68]. In one of these studies of
patients with dementia [68], a few patients in each group
had a QTc interval >500 ms during the 24-h period.

Only one of six published case reports of olanzapine-
associated QTc prolongation (Supplementary Table 6 and
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Table 4) [69-74] involved an overdose. All cases had
additional risk factors for QTc interval prolongation
besides olanzapine. None of the cases experienced TdP. In
the only case with a QTc interval >500 ms, the prolonga-
tion was triggered by initiation of ciprofloxacin. One case
had a history of QTc prolongation with sulpiride and clo-
zapine; another experienced it with low-dose risperidone.

4.5 Paliperidone

We did not find any TQT study, toxicology study, or case
report for paliperidone.

We found two QTc prolongation-specific studies for
paliperidone (Table 2, studies 27 and 29) [75, 76]. Hough
et al. [75] compared paliperidone extended-release (ER)
and quetiapine in a randomized, double-blind, placebo-
controlled study. On the basis of a pre-specified 10-ms non-
inferiority margin, paliperidone ER was found to be non-
inferior to quetiapine. The second study [76] evaluated the
effect of risperidone and its 9-hydroxy metabolite, pali-
peridone on the QTcB interval in 61 adult patients who had
been on a stable dose of risperidone for at least 4 weeks.
Plasma levels of paliperidone, but not of risperidone, cor-
related positively with the QTcB interval.

Both efficacy and safety publications of paliperidone ER
were pooled analyses (Supplementary Table 3, studies 23
and 24) [77, 78]. Meltzer et al. [77] performed a pooled
analysis of three similarly designed 6-week, multicenter,
double-blind, randomized, fixed-dose, placebo-controlled
studies of paliperidone ER in 1,326 adult patients with
acute schizophrenia. There were no clinically relevant
differences between the proportions of patients who had a
normal QTc (<450 ms) at baseline and a maximum post-
baseline QTc value of >450 ms and <480 ms. Gopal et al.
[78] performed a post hoc analysis of the risperidone and
paliperidone clinical trials database (Johnson & Johnson®-
sponsored 64 placebo- or active-controlled studies of
11,096 patients) to estimate the risk of sudden death, car-
diovascular events, and cerebrovascular events during
treatment. The incidence of QTcF prolongation/TdP was
1.8 % in the risperidone/paliperidone group, 0.9 % in the
placebo group, and 1.9 % in the active control group. In an
analysis of maximum QTcF increase from baseline, more
risperidone- and paliperidone-treated patients showed
increases of 30—60 ms, versus placebo, in both the younger
than 30 and older than 74 years age groups, and more
risperidone-treated patients aged 30-74 years showed
increases greater than 60 ms versus placebo.

4.6 Quetiapine

Quetiapine was an active treatment in the TQT study
conducted for ziprasidone [46]. Quetiapine prolonged
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QTcB interval from baseline both without (14.5 ms) and
with (19.7 ms) metabolic inhibition. Of the individuals in
the quetiapine group, 11 % experienced a >60 ms increase
in QTcB interval from baseline during the steady state
without metabolic inhibition, which was higher than that of
the haloperidol, olanzapine, and risperidone groups (4 % in
each group), and lower than that of the ziprasidone (24 %)
and thioridazine (39 %) groups. Quetiapine was also a
comparator drug along with ziprasidone in the TQT study
of iloperidone [42]. Quetiapine caused marginal and
insignificant increases in the QTc interval, which was
numerically the least of the three study drugs. The mean
change in QTc interval varied by the method used to cor-
rect the QT interval. For quetiapine without metabolic
inhibition, mean change in QTcF from baseline was 1.3 ms
and mean change in QTcB was 12.6 ms. All ten patients
who experienced a QTc change >60 ms from baseline
were receiving iloperidone.

We found six QTc prolongation-specific studies for
quetiapine (Table 2, studies 15, 16, 20, 23, 26 and 27) [48,
51, 54-56, 75]. Suzuki et al. [51] observed an increase in
QTcB interval after patients were switched from aripip-
razole (N = 11), olanzapine (N = 6), or risperidone
(N = 3) to quetiapine. The increase was statistically sig-
nificant for all 20 patients and for patients switched from
aripiprazole. In a cross-sectional study of 222 patients,
Suzuki et al. [48] found that the mean QTcB interval of the
quetiapine group was significantly longer than that of the
risperidone and aripiprazole groups. In a cross-sectional
analysis of 1,017 patients with schizophrenia taking vari-
ous psychotropic medications, Ozeki et al. [55] did not find
an association between use of quetiapine and QTcB inter-
val prolongation. de Castro et al. [54] compared youth
taking olanzapine (N = 12), quetiapine (N = 8), or ris-
peridone (N = 20) with healthy controls (N = 40) and
found that the QTcB interval of both groups was compa-
rable. Using quetiapine as a control, Hough et al. [75]
found that paliperidone ER was non-inferior to quetiapine
with regards to its QTc-prolonging effect. Meyer-Massetti
et al. [56] found 520 cases of quetiapine-associated QT
prolongation, TdP, and/or cardiac arrest (vs. 365 haloper-
idol-associated and 489 olanzapine-associated cases) in the
WHO Global Individual Case Safety Report database based
on 89 cases with relevant information; the daily dose of
quetiapine ranged from 25 to 4,500 mg.

Three toxicology studies provided information on the
QTec-prolonging effect of quetiapine (Table 3, studies 4, 5,
and 6) [79-81]. Eyer et al. [80] retrospectively identified 20
cases of “predominantly” quetiapine overdose, of which
six were quetiapine mono-intoxications. Based on QT-HR
nomogram, the QT interval was normal in 11 patients, at
borderline risk in eight patients, and abnormal in one
patient. Fatal complications (possible arrhythmia) occurred

in one patient who had co-ingested an unknown amount of
citalopram. Isbister and Duffull [81] retrospectively ana-
lyzed data from 176 patients presenting with 286 incidents
of quetiapine overdose. At least one ECG was available for
260 incidents. “At risk for TdP” QT-HR pair was observed
in 24 incidents (8.4 %). All these occurred at HR >100
beats/minute. No arrhythmias were reported from the
available continuous telemetry data. Lastly, Balit et al. [79]
reviewed 40 cases of quetiapine overdose. For ten patients
for whom ECGs were available and who had ingested no
other cardiotoxic drugs, the mean QTcB interval was
prolonged to 487 ms. One patient with 24 g quetiapine
ingestion had a QTcB of 535 ms. There were no arrhyth-
mias and no deaths in this case series.

In the only efficacy and safety study of quetiapine we
found (Supplementary Table 3, study 25) [82], adult
intensive care unit patients with delirium were randomized
to receive quetiapine (N = 18) or placebo (N = 18). QTc
interval changes were comparable between groups. The
findings are confounded by the fact that both groups were
allowed to receive IM haloperidol on as needed basis.

We found 16 case reports of quetiapine-associated QTc
prolongation (Supplementary Table 7 and Table 4) [24,
83-96]. The majority of cases (81 %) experienced a QTc
interval >500 ms. In just over half of the case reports
(53 %), QTc prolongation occurred with therapeutic doses
of quetiapine. TdP was reported in four cases, all at ther-
apeutic doses and with a QTc interval >500 ms. One of the
cases had a history of QTc prolongation with therapeutic
ziprasidone, another experienced it with switch to aripip-
razole, and another had a history of ventricular ectopics
with amisulpride.

4.7 Risperidone

In the TQT study primarily conducted for ziprasidone [46],
risperidone prolonged QTcB interval by 10 ms from
baseline without metabolic inhibition and 3.2 ms after
metabolic inhibition. Of the individuals in the risperidone
group, 4 % experienced a >60 ms increase in QTcB
interval from baseline during steady state without meta-
bolic inhibition, which was similar to that seen for halo-
peridol and olanzapine groups, and lower than that of the
quetiapine (11 %), ziprasidone (24 %), and thioridazine
(39 %) groups.

We found 14 QTc prolongation-specific studies for ris-
peridone (Table 2, studies 4-7, 15-17, 19, 23-26, 28 and
29) [29, 48, 51-55, 76, 97-102]. Ranjbar et al. [97]
observed that the QTcB interval was significantly longer in
112 patients receiving risperidone for the first time than in
patients not receiving risperidone. Similarly, Yerrabolu
et al. [98] observed a significant increase in QTc interval
after risperidone treatment in 20 patients. Conversely, Chiu
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et al. [99] did not observe a significant change in QTcB
interval of 72 patients after risperidone treatment. Llerena
et al. [100] did not find a correlation between risperidone or
9-OH-risperidone (paliperidone) levels and QTc interval.
However, in the study by Suzuki et al. [76], QTcB interval
correlated positively with paliperidone level but not with
risperidone level.

The remaining nine studies [29, 48, 51-55, 101, 102]
included antipsychotics in addition to risperidone. In one
study [51], three patients who switched from risperidone to
quetiapine experienced an insignificant increase in QTcB
interval. In another study of 222 patients [48], the mean
QTcB interval of the risperidone group was significantly
shorter than that of the quetiapine and olanzapine groups.
Germano et al. [101] observed in 60 youth that risperidone
treatment was associated with a significant increase in
mean QTcB but aripiprazole treatment was not. Yang et al.
[29] obtained ECGs on 1,006 patients and found that the
mean QTc interval was significantly shorter in the ris-
peridone group (389 ms) than in the clozapine group
(397 ms) but comparable to the first-generation antipsy-
chotic (FGA) group (393 ms). Ozeki et al. [55] observed
that risperidone (and olanzapine, quetiapine, and zotepine)
did not cause a clinically significant prolongation of QTcB
interval, which was defined as >470 ms for men
and >480 ms for women. In a study of 24 patients [53], the
mean QTcB increased significantly after switch from
olanzapine (393 ms) to risperidone (421.6 ms) and
decreased significantly after switch from risperidone
(413 ms) to olanzapine (407.7 ms). Watanabe et al. [52]
found that the mean QTCcF interval of patients taking ris-
peridone was significantly longer than patients taking
olanzapine at night time but comparable during the day-
time. de Castro et al. [54] observed that the mean change in
QTcB with risperidone and olanzapine treatment was
comparable to that of the control group. Lastly, a small
study of youth [102] did not observe any significant
changes in QTc interval with risperidone.

The only toxicology study of risperidone-associated
QTc prolongation [103] (Table 3, study 7) evaluated the
ECGs of 38 patients with risperidone mono-intoxication.
Tachycardia (HR >100 beats/min) was noted on 58 % of
occasions, which did not correlate with dose. An abnormal
QT-HR pair on QT nomogram was observed for four of the
41 ECGs available, but all except one were associated with
an HR >110 beats/min.

We found nine efficacy and safety studies of risperidone
(Supplementary Table 3, studies 6, 7, 10, 24 and 26-30)
[33, 34, 45, 78, 104-108]. A small study of risperidone-
alone treatment [104] and another small study of risperi-
done add-on treatment to clozapine [34] did not notice any
statistically or clinically significant effects of risperidone
on QTcB interval. Another study [105] comparing
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risperidone monotherapy with risperidone-haloperidol
combination therapy also did not notice any significant
QTcB interval changes in either group. Kane et al. [106]
observed a significantly greater effect of sertindole on
QTCcF interval than risperidone. Another study [107] using
QTcB interval noted the same. In a small augmentation
study of clozapine-treated patients [33], there was a sta-
tistically significant increase in QTcF after clozapine-
ziprasidone treatment but not after clozapine-risperidone
treatment. The increase was not clinically significant in
either group. In a study comparing risperidone and ari-
piprazole [108], both treatments had comparable and
insignificant effects on QTcB interval. Two studies per-
formed a pooled analysis [45, 78]. One of these studies [78]
combined data from 64 trials of risperidone and paliperi-
done. Incidence of QTcF prolongation/TdP was 1.8 % in
the risperidone/paliperidone group, 0.9 % in the placebo
group, and 1.9 % in the active control group. In the other
pooled analysis [45], all active treatments (haloperidol,
iloperidone, and risperidone) increased the mean QTCcF
interval, which was not significant for the risperidone
group.

We found 13 case reports of risperidone-associated QTc
prolongation (Supplementary Table 8 and Table 4) [1, 70,
85, 109-118], of which only two involved risperidone
overdose. The QTc interval was <500 ms in seven cases.
TdP occurred in five cases, in three with a QTc inter-
val <500 ms. One of the cases showed QTc prolongation
with a low dose of risperidone but tolerated haloperidol and
clozapine well. Another case tolerated quetiapine without
QTc prolongation.

4.8 Sertindole

We did not find any TQT study, toxicology study, or case
report for sertindole.

We found three QTc prolongation-specific studies for
sertindole (Table 2, studies 8, 9 and 13) [16, 119, 120].
Nielsen et al. [120] obtained ECGs at baseline and at
steady-state in 37 patients switched to sertindole. The mean
QTCcF interval prolonged significantly by 20 ms after the
switch. Atmaca et al. [119] obtained ECGs on 21 patients
before and 3 and 6 months after initiating sertindole. The
QTc interval was significantly longer at 6 months than at
baseline. At any evaluation point, only one female
(451 ms) and one male (433 ms) had borderline prolon-
gation, both at 3 months. In a study of 51 patients, Agelink
et al. [16] noted that all treatments (amisulpride, olanza-
pine, sertindole, or clozapine) prolonged the mean QTcB
interval but the increase was significant only for sertindole.
One patient from the sertindole group had a QTcB interval
of 503 ms.
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We found five efficacy and safety studies of sertindole
with information specific to QTc prolongation (Supple-
mentary Table 3, studies 4, 15, 28, 29 and 31) [31, 61, 106,
107, 121]. In a study comparing sertindole with olanzapine
[61], the incidence of QTCcF prolongation was significantly
higher in the sertindole group (26.5 %) than in the olan-
zapine group (5.7 %). The mean QTcF change from
baseline to the last assessment was 24.7 ms in the sertin-
dole group and 3.5 ms in the olanzapine group. The inci-
dence of QTcF >500 ms was 2.6 and 0 % for the
sertindole and olanzapine groups, respectively. In a study
comparing sertindole with risperidone [107], sertindole
treatment was associated with a significantly greater
increase in QTc than risperidone treatment. The incidence
of QTc >500 ms was 5.1 and 0 % for the sertindole and
risperidone groups, respectively. Another study of over 300
patients also observed a greater effect of sertindole on QTc
interval than risperidone [106].

In a study of patients with limited response to cloza-
pine [31], sertindole or placebo was added to clozapine.
Treatment with sertindole caused a significant increase in
the electronically assigned mean QTcB interval (12 ms)
versus placebo (0 ms), but the manual QTcF assessment
did not reveal any statistically significant changes. Using
sertindole surveillance data, Pezawas et al. [121] analyzed
ECGs of all 34 comorbid and co-medicated sertindole-
treated patients. Sertindole treatment was associated with
a significant prolongation of QTcB and QTcF intervals
from baseline. For 25 pairs of ECGs, both QTcB and
QTCcF intervals were significantly longer during sertindole
treatment than during treatment with  another
antipsychotic.

4.9 Ziprasidone

The TQT study of ziprasidone (the Pfizer 054 study) [46,
47] was a multi-center, randomized, open-label, parallel-
group study of patients with psychotic disorder who had
been completely withdrawn from their previous treatment
and had normal baseline ECGs (QTc <450 ms). Patients
received escalating doses of ziprasidone (N = 35, 25 male;
maximum dose 160 mg/day), risperidone (N = 28, 22
male; maximum dose 16 mg/day), olanzapine (N = 28, 20
male; maximum dose 20 mg/day), quetiapine (N = 29, 22
male; maximum dose 750 mg/day), thioridazine (N = 31,
25 male; maximum dose 300 mg/day), or haloperidol
(N =32, 25 male; maximum dose 15 mg/day) over
10 days. After the maximum dose of randomized therapy
was achieved, the metabolic inhibitor (ketoconazole, par-
oxetine, and fluvoxamine) appropriate for each drug was
administered. Drug levels were monitored at drug steady
states both with and without metabolic inhibition. ECGs
were obtained at baseline and at times estimated to

correspond with the mean f,,, for each study drug. The
QTc interval was calculated using Bazett’s formula.
Increase in the mean QTcB interval from baseline to the
steady state of maximum dose was 20.6 ms for ziprasidone,
10 ms for risperidone, 6.4 ms for olanzapine, 14.5 ms for
quetiapine, 35.8 ms for thioridazine, and 4.7 ms for halo-
peridol. The respective increase after metabolic inhibition
was 20.4, 3.2, 5.3, 19.7, 28, and 8.9 ms. The percentage of
patients with >60 ms increase in QTcB interval from
baseline during the steady state without metabolic inhibi-
tion was 24, 4, 4, 11, 39, and 4 % for the ziprasidone,
risperidone, olanzapine, quetiapine, thioridazine, and hal-
operidol groups, respectively. No patient in any treatment
group experienced a QTcB interval >500 ms.

Ziprasidone was also a comparator drug along with
quetiapine in the TQT study of iloperidone [42]. Overall,
the mean QTc changes caused by ziprasidone were
numerically comparable or less than those caused by ilo-
peridone and higher than those caused by quetiapine. Ten
patients in the iloperidone group but none in the ziprasi-
done (or quetiapine) group experienced QTc chan-
ges >60 ms from baseline during any treatment period. A
concentration-dependent effect on QTc interval was not
noted for ziprasidone.

We found five QTc prolongation-specific studies for
ziprasidone (Table 2, studies 10-12, 21 and 22) [122-126].
In a study of 20 youth [122], ziprasidone treatment was
associated with a significant increase in QTcB from base-
line. Eight patients experienced a QTcB interval >440 ms,
the highest being 470 ms. Emul et al. [123] did not notice
any significant effects of IM ziprasidone on QTc interval in
11 adult inpatients. In a retrospective case series of 15
patients receiving high doses (>240 mg/day) of ziprasi-
done [124], the mean pre- and post-treatment QTcB
intervals were similar. Maximum post-treatment QTc was
452 ms. Miceli et al. [125] observed that both IM halo-
peridol and IM ziprasidone caused QTc prolongation in a
concentration-dependent manner. None of the patients had
a QTec interval >480 ms. Two patients in the ziprasidone
group (none in the haloperidol group) had an increase in
QTc =60 ms relative to the time-matched baseline values.
Miceli et al. [126] also noted a concentration-dependent
prolongation of QTc interval with oral haloperidol and oral
ziprasidone.

The only ziprasidone toxicology study [127] (Table 3,
study 8) analysed data on 56 cases of ziprasidone overdose
in which ziprasidone was either ingested alone or co-
ingested with drugs not associated with QTc prolongation.
A QTc interval between 450 and 500 ms was observed in
seven (12.5 %) cases and >500 ms in one (1.8 %) case.

Of a total of 28 efficacy and safety studies of ziprasi-
done, in 15 publications (Supplementary Table 3, studies
32-44, 46 and 47) [128-142] ziprasidone was the only
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studied drug, in three publications [32, 35, 143] (Supple-
mentary Table 3, studies 3, 5 and 45) ziprasidone was
added to existing antipsychotic or antidepressant treatment,
in nine publications [33, 36, 44, 57-60, 144, 145] (Sup-
plementary Table 3, studies 2, 6, 9, 11-14, 48 and 49)
ziprasidone was compared with another drug, and one
publication [146] (Supplementary Table 2, study 50) ana-
lyzed pooled data from several studies.

Of the 15 ziprasidone-alone studies, seven [128—134]
were of children and adolescents. The QTc interval
increased with ziprasidone treatment, which was reported
as statistically significant in two studies [129, 133]. There
were occasional cases of clinically significantly prolonged
QTec interval (QTc interval >450 ms), though some studies
[128, 131, 132] used a slightly higher threshold to define
clinical significance. One study [131] reported a QTcF
interval increase of >60 ms in two of 193 patients
receiving ziprasidone. No patients developed a QTc inter-
val >500 ms. Overall, similar findings were reported in
studies of adult patients [135-140]. From ECGs of 149
adult patients, Mencacci [138] found that ziprasidone
treatment caused mild QTc interval prolongation
(450470 ms) in 12 patients (8.1 %) and moderate pro-
longation (>480 ms) in one patient (0.6 %). Two small
studies of IM ziprasidone in patients with dementia [141,
142] did not notice a significant change in mean QTc
interval from pre- to post-treatment. In one of these studies
[141], one of the 14 patients (7.1 %) had a QTc inter-
val >500 ms and a 25 % increase from baseline.

Ziprasidone add-on treatment to clozapine increased the
QTcB interval significantly at week 16 in one study [35]. In
another study of patients receiving olanzapine or clozapine
[32], the addition of ziprasidone prolonged the QTc inter-
val significantly at week 2 but not at week 6. The addition
of ziprasidone to treatment with selective serotonin reup-
take inhibitors (SSRIs) was not associated with a signifi-
cant increase in the mean QTc interval from baseline, but
an increase in QTc interval >30 ms was noted in two of 13
patients [143].

Four studies with an active comparator involved olan-
zapine; the QTc interval increased significantly in the
ziprasidone group compared with the olanzapine group in
one of these [57] but not in the other three studies [58-60].
No patient in these studies had a QTc interval >500 ms.
Sacchetti et al. [36] observed that clozapine and ziprasi-
done caused comparable changes in mean QTcB interval
but the incidence of new-onset QTcB interval >450 ms
was higher in the clozapine group (14.1 %) than in the
ziprasidone group (4.5 %). Potkin et al. [144] noted that
lurasidone and ziprasidone caused comparable changes in
the QTcF interval from baseline. Another study [44] also
noted comparable increases in QTCcF interval with iloperi-
done and ziprasidone treatments, which was significantly
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greater than with placebo for both treatments. One patient
in each treatment group had a >60 ms increase in QTcF
interval but none experienced a QTcF >500 ms. Zink et al.
[33] found that the addition of ziprasidone to clozapine was
associated with a significant increase in QTcF interval but
the addition of risperidone was not. A study [145] com-
paring ziprasidone and chlorpromazine did not find any
significant effect of either drug on QTc interval.

Camm et al. [146] analysed QTc interval changes
associated with ziprasidone based on data from Pfizer®-
sponsored phase II-IV randomized controlled trials
(RCTSs); evaluable data were available for 4,306 adult
patients). Incidences of QTc interval >450 ms (0.8 %) or
QTec interval >480 ms (0.023 %) were rare. QTc prolon-
gation >30 ms was observed in 9.0 %, >60 ms in 0.7 %,
and >75 ms in 0.3 % of patients receiving ziprasidone. In
the placebo-controlled studies, the mean change in QTc
interval from baseline to end of study was 3.6 ms in the
ziprasidone group and —0.3 ms in the placebo group. Data
from IM ziprasidone studies, and bipolar studies in which
ziprasidone was used adjunctively with lithium, valproate,
or lamotrigine, demonstrated similar QTc effects. An
increase in the QTc interval correlated with serum zipr-
asidone concentration.

We found 13 case reports [147—-157] (14 incidents) of
ziprasidone-associated QTc interval prolongation (Supple-
mentary Table 9 and Table 4), six (46.1 %) of which
involved ziprasidone overdose. All except one incident had
risk factors in addition to therapeutic ziprasidone. The QTc
interval was >500 ms in 12 of 14 incidents. TdP occurred
on two occasions (14.3 %) and, on both occasions, the
QTC interval was >500 ms. QTc prolongation was
observed after a single injection of ziprasidone in two
cases. In two cases, the QTc interval normalized after a
decrease in the dose of ziprasidone from 240 to 160 mg/
day.

4.10 Summary of Risk of QTc Prolongation and TdP
with Individual SGAPs

While it is clear that all nine SGAPs reviewed above have
the potential to prolong QTc interval, it is difficult to rank
individual SGAPs for this risk (i.e., QTc prolongation).
There is no consensus definition of ‘clinically significant’
prolongation of QTc interval, but a QTc interval >450 ms
and/or an increase in QTc interval >30 ms from baseline
are commonly used minimal values [11]. The literature on
sertindole is limited, but it consistently shows that sertin-
dole causes statistically and clinically significant prolon-
gation of the QTc interval. Similarly, limited but emerging
data suggest that iloperidone may cause statistically and
clinically significant prolongation of the QTc interval.
Abundant data on ziprasidone suggest that it causes
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statistically significant prolongation of the QTc interval,
and clinically significant prolongation may be observed but
QTc interval >480 ms or an increase in QTc inter-
val >60 ms from baseline is infrequent. The effect of
therapeutic clozapine and quetiapine on the QTc interval
appears to be similar to that of ziprasidone, except that the
dose-response effect is better established for ziprasidone
than for clozapine or quetiapine. Clozapine can cause
tachycardia, and drawing from studies using Bazett’s cor-
rection likely over-estimates its risk to prolong the QTc
interval. Olanzapine and risperidone (and paliperidone
based on very limited literature and from indirect evidence
as a metabolite of risperidone) appear to have a modest
effect on the QTc interval when used in therapeutic doses.
Data are too limited to categorize therapeutic amisulpride
with regards to its potential to prolong the QTc interval.

Currently, it is not possible to categorize individual
SGAPs for their risk to cause TdP. TdP was not reported
for any of these drugs in studies employing therapeutic
doses. Toxicology studies (Table 3) suggest that TdP is
more likely after overdose with amisulpride than it is after
overdose with clozapine, quetiapine, risperidone, or zipr-
asidone. Case-report material (Table 4) identifies TdP as a
rare complication that can happen even with SGAPs
associated with modest increases in the QTc interval, at
therapeutic doses of SGAPs, and with a QTc inter-
val <500 ms. Case-report material also signifies individual
vulnerability and the presence of other risk factors as
important factors for SGAP-associated QTc prolongation
and TdP.

5 Studies of QTc Prolongation for Individual SGADs
5.1 Citalopram

The TQT study for citalopram [8] was a randomized,
double-blind, placebo-controlled, crossover study in which
119 subjects received citalopram 20 and 60 mg/day,
moxifloxacin 400 mg/day (active control), and placebo.
Citalopram caused a dose-dependent increase in the QTc
interval. Change in the mean QTc interval from baseline
was 8.5, 18.5, and 13.4 ms with citalopram 20 mg/day,
citalopram 60 mg/day, and moxifloxacin 400 mg/day,
respectively.

We found two QTc prolongation-specific studies [158,
159] for citalopram and one study [13] commenting on its
potential to cause TdP (Table 5, studies 1, 9, and 10).
Castro et al. [158] performed a cross-sectional study of
several antidepressants. Methadone was included as a
measure of assay sensitivity. Patients with an ECG in the
exposure period (14-90 days) were older with greater
medical comorbidity than those who did not have an ECG.

The proportion of patients with abnormal (451-500 ms for
men, 471-500 ms for women) or high (>500 ms) QTc
values was similar across treatment groups. Dose was a
significant predictor of QTc for citalopram, escitalopram,
and amitriptyline (and methadone). Of patients who started
taking citalopram with a QTc in the normal range, 13.1 %
shifted to an abnormal range after the dose increase.

Using the public version of the FDA adverse event
reporting system, Astrom-Lilja et al. [13] evaluated spon-
taneously reported cases of TdP. Among a total of 61,788
adverse drug reactions, 88 cases of TdP were identified.
Citalopram was the third most common suspected drug in
the reports (10 %; 9/88). Authors wondered why TdP was
not listed in citalopram product summary (then). Dubnov-
Raz et al. [159] retrieved data on 52 neonates with a ges-
tational age >35 weeks born to women receiving treatment
with citalopram, paroxetine, fluoxetine, fluvoxamine, ser-
traline, or venlafaxine. The mean QTcB was significantly
longer in the group of newborns exposed to antidepressants
than in control subjects.

Seven toxicology studies [160—166] inform us about the
effect of citalopram on the QTc interval (Table 6, studies 1,
2, 5-9). Grundemar et al. [160] reviewed five cases of
citalopram overdose. QTc interval was prolonged
(>440 ms) in all. In a retrospective review of 24 cases of
citalopram overdose [161], the QTcB interval
was >450 ms in eight cases (33 %). Two of these cases
had toxic co-ingestion of quetiapine and one of mirtaza-
pine. Hayes et al. [162] reviewed 374 cases of citalopram-
alone and 421 cases of escitalopram-alone overdose. QTc
prolongation (>440 ms for males and >460 ms for
females) was observed in 14 (3.7 %) cases of citalopram
overdose and seven (1.7 %) cases of escitalopram over-
dose. The difference between groups was not significant. In
another review of 316 citalopram and 63 escitalopram
overdoses [163], the incidence of mild (>390 ms for males
and >440 ms for females; citalopram 7.9 % and escita-
lopram 6.3 %) and moderate QTc prolongation (>430 ms
for males and >485 ms for females; citalopram 0.6 % and
escitalopram 1.6 %) was statistically similar.

Isbister et al. [164] reviewed the ECGs of 297 cases of
single SSRI (citalopram, fluoxetine, fluvoxamine, paroxe-
tine, or sertraline) toxic ingestion. The median QTcB
interval of the SSRI groups was significantly greater than
the median QTcB interval of the comparison group con-
sisting of 318 patients ingesting non-cardiotoxic medica-
tions. A total of 68 % of citalopram overdoses had a
QTcB >440 ms, and 12 % had a QTcB >500 ms, which
was significantly greater than other SSRIs. Kelly et al.
[165] reviewed 225 consecutive cases of overdose with
citalopram, mirtazapine, nefazodone, or venlafaxine. Of 12
patients with a QTcB >450 ms without co-ingestion of
another cardiotoxic drug, one patient had ingested
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Table 5 Summary of QTc prolongation-specific studies (except the paroxetine, sertraline, and venlafaxine) considered to carry the risk of
thorough QT and toxicology studies) of the seven second-generation this complication
antidepressants (citalopram, escitalopram, fluoxetine, mirtazapine,

Study; study design; drug(s) included Brief study description Major findings pertinent to QTc interval

1 Astrom-Lilja et al. [13]; pharmaco-vigilance;  Evaluated spontaneously reported cases of TdP  Among a total of 61,788 ADRs, 88 cases of TdP

citalopram

Zhao et al. [190]; open-label; fluoxetine

Martin et al. [201]; open-label; paroxetine

Kuhs and Rudolf [202]; double-blind;
amitriptyline, paroxetine

Edwards et al. [203]; naturalistic
observational; paroxetine

Alderman (2005) [206]; open-label; sertraline

Mbaya et al. [212]; retrospective/prospective
case series; venlafaxine XR

to investigate if this ADR was labelled in the
SPC for drugs implicated. Reports of TdP
from January 2004-December 2007 were
retrieved from the public version of the FDA
AE reporting system

Open-label, three-phase, sequential study
included 12 healthy volunteers. Each subject
treated according to the following sequence:
baseline; phase 1 (days 1-6): cisapride 10 mg
4 times/day; washout (days 7-13); phase 2
(days 14-44): fluoxetine 20 mg/day; and
phase 3 (days 45-52): cisapride 10 mg 4
times/day (days 45-51) plus fluoxetine 20 mg/
day (days 45-52)

Randomized open-label, two-period, steady-
state crossover study investigated the effects
of paroxetine on the PD and PK profile of
terfenadine in 12 healthy adults. ECG
monitoring was conducted throughout, and
terfenadine and carboxyterfenadine PK were
assessed at the end of each tx period

ECGs and other cardiovascular measures were
obtained in 40 adult depressive pts treated
with either paroxetine 30 mg/day (N = 20) or
amitriptyline 150 mg/day (N = 20) for
6 weeks

ECGs were recorded on 20 adult pts with major
depression before and after 4 weeks of tx with
either paroxetine (N = 11) or PL (N = 9).
The ECG measurements were blind to pt, tx
and tx interval

Open-label, non-randomized study of healthy
adult volunteers initially administered either
cisapride (Group A—9 males, 6 females) or
pimozide (Group B—38 males, 7 females) with
and without sertraline in a defined schedule to
determine PK interactions as shown by plasma
concentrations and ECG evidence of QTc
intervals. QTc was calculated using Hodges
formula and a correction factor determined via
regression analysis of the screening and
predose QT/HR values for all subjects. A
prolongation in QTc interval of >15 % was
defined as clinically significant

Study provided cardiovascular safety data on 37
pts (mean age 47.2 years, range 27-68; 62 %
females) with major depression who were
treated with high-dose venlafaxine XR (mean
346.15 mg/day; range 225-525) for at least 1
year and had received an ECG while on
venlafaxine XR

identified. Cardiac drugs involved in 74 % of
reports. In addition to drug tx, two or more
established risk factors were present in 85 %
of the cases. Citalopram was third most
common suspected drug in reports (10 %;
9/88)

Blood samples were drawn and ECGs
performed at specified time points after the
last morning dose of cisapride in phases 1 and
3. Coadministration of fluoxetine significantly
decreased cisapride plasma concentrations.
No clinically significant changes in QTcB
(QTcB >450 ms or an increase in QTcB
of >15 % from baseline) during
administration of cisapride alone or with
fluoxetine

On final day of coadministration, QTc was
unaltered compared with terfenadine dosed
alone; maximum mean QTc values were 404
and 405 ms, respectively. Terfenadine PK
were also unchanged; geometric mean steady-
state AUC tau values were 30.0 ng.h/mL
during coadministration vs. 30.8 ng.h/mL
when dosed alone (P > 0.05)

Paroxetine tx did not alter the QTcB interval,
while in the amitriptyline group QTc was
significantly prolonged after 3 and 6 weeks of
tx

For both groups, there were no statistically
significant changes in the QTc interval from
baseline to the study end (4 week)

Co-administration of sertraline and cisapride
resulted in statistically significant reductions
of 29 and 36 % in cisapride Cy,, and AUC
from time O to 6 h, respectively, vs. cisapride
alone. Co-administration of sertraline and
pimozide resulted in statistically significant
increases of 35 and 37 % in pimozide Cy.x
and AUC_;,finiry» respectively, vs. pimozide
alone. No subject exhibited a prolongation of
the QTc interval >15 % with co-
administration of sertraline and cisapride, or
sertraline and pimozide

QTc was normal (<440 ms in men, <470 ms in
women) in all pts except one female pt who
had a QTc of 476 ms, who was concurrently
on another QTc-prolonging drug (not
specified). No association between high-dose
venlafaxine XR and QTc interval
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Table 5 continued

Study; study design; drug(s) included

Brief study description

Major findings pertinent to QTc interval

8  Johnson et al. [213]; open-label; venlafaxine

XR

9  Castro et al. [158]; cross-sectional;
amitriptyline, bupropion, citalopram,
duloxetine, escitalopram, fluoxetine,
mirtazapine, nortriptyline, paroxetine,
sertraline, venlafaxine

10 Dubnov-Raz et al. [159]; cohort-based;
citalopram, fluoxetine, fluvoxamine,
paroxetine, sertraline, venlafaxine

11 Baker et al. [191]; double-blind parallel-group;

fluoxetine and doxepin

Open-label study, 62 pts aged >60 years with

major depression were treated with
venlafaxine XR (median final dose 187.5 mg/
day, range 37.5-300) for 12 weeks. 59 pts
(mean age 74.5 years; 67.8 % females)
completed at least 2 weeks of the study. ECG
was obtained at baseline, after 12 weeks of tx
or upon termination of tx. QTc was calculated
using Bazett’s formula

ECG, prescribing, and clinical data from

electronic health records was used to explore
relation between the antidepressant dose and
QTec interval. Antidepressants included
citalopram, escitalopram, fluoxetine,
paroxetine, sertraline, amitriptyline,
bupropion, duloxetine, mirtazapine,
nortriptyline, and venlafaxine. Methadone was
included as a measure of assay sensitivity. For
primary analysis, pts treated with at least one
medication of interest were identified and the
most recent ECG (within 90 days) occurring
at least 14 days after a prescription was
selected for analysis. ECG reports for study
pts were parsed by text pattern matching
algorithms to extract QTc measurements and
then normalized to standardized units. Three
sensitivity analyses were conducted to assess
the assumptions of antidepressant exposure in
the study design

Data retrieved between 2000 and 2005 for all

neonates with a gestational age >35 weeks
born to women receiving tx with paroxetine,
fluoxetine, fluvoxamine, citalopram,
sertraline, venlafaxine at the onset of labor
(N = 52). Neonates born to mothers taking
other drug(s) associated with QTc
prolongation and neonates with Apgar
scores <7 were excluded. The comparison
group consisted of newborns born to healthy
mothers who took no medications before
delivery (N = 52)

6-week double-blind parallel group study of

adult pts with major depression, randomized
to tx with fluoxetine (N = 20; maximum dose
60 mg/day) or doxepin (N = 19; maximum
dose 225 mg/day). ECG was obtained at
baseline, 2, 4, and 6 weeks

Total of 40 pts had both baseline and follow-up

ECGs. Mean QTcB at follow-up (422.1 ms)
was not significantly different from mean
QTcB at baseline (424 ms). Considering a
QTc >440 ms as clinically significant, one pt
experienced QTc increase from 403 to 456 ms
and another pt experienced an increase from
433 to 469 ms. Two pts with new-onset
dizziness both demonstrated an increase in
QTec interval to >440 ms

Total of 1,472,965 valid QTc measurements

were extracted from 1,497,333 ECGs

(98.4 %). Of the patients receiving a
prescription of interest, 38,397 had an ECG
within the 14-90 day window. Those with an
ECG in the exposure period included in the
study cohort were generally older, with
greater medical comorbidity and use of
healthcare services than pts excluded from the
study cohort because no ECG was available.
20.4 % were characterized as having
abnormal (451-500 ms for men, 471-500 ms
for women) or high (>500 ms) QTc values.
These proportions were similar across tx
groups. Dose was a significant predictor of
QTec interval for citalopram, escitalopram,
amitriptyline (and methadone). Sensitivity
analyses restricting pts based on refill status,
exposure window, and concomitant
medications did not meaningfully alter the
results. 13.1 % of pts who started taking
citalopram with a QTc in the normal range
shifted to abnormal range after the dose
increase (respective numbers for other
included drugs not provided)

Mean QTcB was significantly longer in the

group of newborns exposed to antidepressants
(409 ms) vs. control subjects (392 ms). Five
(10 %) newborns exposed to SSRIs had QTcB
interval >460 ms (range 462—543) vs. none of
the unexposed newborns. Three of the infants
with prolonged QTc were exposed to
paroxetine and the other 2 to fluoxetine.
Follow-up ECG showed normalization of the
QTec intervals to <390 ms in all infants

Doxepin significantly prolonged mean QTc

interval, which increased by 6.1 ms at weeks
2, 4, and 6 (all periods). The slope of the QTc
interval vs. drug concentration slope was
0.19 mg/l/ms after doxepin and was
significantly greater than after fluoxetine

(P = 0.016). Fluoxetine had no effect on QTc
intervals, changing <0.5 % from baseline at
every time period

ADR adverse drug reaction, AE adverse event, AUC area under the curve, C,,,, maximum plasma concentration, ECG electrocardiogram, FDA US Food
and Drug Administration, HR heart rate, PD pharmacodynamics, PK pharmacokinetics, PL placebo, pt patient, QTcB Bazett’s formula-corrected QT
interval, SPC summary of product characteristics, SSRI selective serotonin reuptake inhibitor, 7dP torsades de pointes, tx treatment, XR extended release
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Table 6 Summary of toxicology studies of the seven second-generation antidepressants (citalopram, escitalopram, fluoxetine, mirtazapine,
paroxetine, sertraline, and venlafaxine) considered to carry the risk of QTc interval prolongation and torsade de pointes (TdP)

Study; study design; study drug(s)

Brief study description

Major findings pertinent to QTc interval

1 Grundemar et al. [160]; case series;
citalopram

2 Jimmink et al. [161]; retrospective
review; citalopram

3 van Grop et al. [181]; retrospective
review; escitalopram

4 Isbister (2009) [214]; retrospective
review; venlafaxine

5 Hayes et al. [162]; retrospective
review; citalopram and escitalopram

6  Yilmaz et al. [163]; retrospective
review; citalopram and escitalopram

7  Isbister et al. [164]; retrospective
case-control; citalopram, fluoxetine,
fluvoxamine, paroxetine, and
sertraline

Authors reported findings from five pts presenting
with citalopram overdose (400-5,200 mg). Only
one pt had co-ingested another drug (oxazepam)

Study reviewed 29 cases (median age 35 years,
range 13-85; 92 % females) of citalopram
overdose (median dose 1,190 mg, range
200-4,960) between 1997 and 2006.

QTcB >450 ms was considered prolonged

Study reviewed all pts with a diagnosis of
escitalopram overdose (79 presentations of 68 pts;
age range 15-59 years; 80 % females) between
2003 and 2008. ECGs were available for 78 of
these presentations. Blood samples were available
for a subgroup of 34 pts (median concentration
107.5 pg/L; range 12-520). 46 presentations were
escitalopram-alone overdoses

Study included 369 venlafaxine overdoses (median
dose 1,500 mg, range 75-13,500) in 273 pts
(median age 35 years; 197 females) presenting to a
toxicology unit where an ECG was available. ECG
parameters were measured manually and analysed
by visual inspection, including plotting QT-HR
pairs on a QT nomogram

Retrospective review of single-substance acute
overdoses with citalopram (374 cases; median age
20 years, range 9 months—81 years; 68 %
females) and escitalopram (421 cases; median age
18 years, range 9 months to 81 years; 70 %
females) managed in hospitals

Retrospectively, cases of citalopram (N = 316;
mean age 31.5 years; mean dose 712 mg) and
escitalopram (N = 63; mean age 32.4 years; mean
dose 322 mg) overdose were analyzed. Available
ECGs were assessed for ‘mild” (>390 ms for
males, >440 ms for females) and ‘moderate’
(>430 ms for males, >485 ms for females) QTc
interval prolongation

Retrospective study reviewed 469 consecutive
admissions to a single toxicology unit involving
ingestion of SSRIs (fluoxetine >60 mg,
fluvoxamine >200 mg, paroxetine >60 mg,
sertraline >200 mg, citalopram >60 mg). Only
including one ECG per pt, there were 297
admissions of single SSRI ingestions for analysis
of cardiac effects, including citalopram (57),
sertraline (103), paroxetine (78), fluoxetine (42),
fluvoxamine (17). Comparison group contained
318 pts ingesting non-cardiotoxic medications.
QTcB >400 ms was considered abnormal

Serum concentrations for citalopram were about
40-350 times higher than those reported with
citalopram 20 mg/day, QTc interval was
prolonged (defined as >440 ms) in all cases

24 ECGs were available. QTc interval was
prolonged in eight cases (33 %) but no severe
arrhythmias occurred. Co-ingestions in these cases
(number), all in toxic amounts, included:
pipamperone (1), quetiapine (2), mirtazapine (1),
and ethanol (1)

Median ingested dose for all cases was 140 mg
(range 20-560). Bradycardia (pulse rate <60
beats/min) occurred in 11 pts (14 %) and
tachycardia (pulse rate >100 beats/min) in 33
(42 %), which was not different between cases
with coingestants or escitalopram alone overdose.
QT-HR pairs plotted on the QT nomogram
identified 11 presentations (10 pts) at risk of TdP

No arrhythmias occurred based on continuous
telemetry, and conduction defects were found in
only seven of 369 admissions; five of these were
pre-existing abnormalities. In 22 admissions (6 %)
the QT-HR pair was above the ‘at-risk for TdP’
line; these cases were more likely to be larger
ingestions or co-ingestion of other drugs known to
affect the QT interval. The QT nomogram was
“only marginally different from overdoses of non-
cardiotoxic medications”

Median dose by history was 310 mg for citalopram
and 130 mg for escitalopram. QTc prolongation
(>440 ms for males, >460 ms for females) was
observed in 14 (3.7 %) cases of citalopram
overdose and 7 (1.7 %) cases of escitalopram
overdose. The difference between groups was not
significant. No pts experienced cardiac arrhythmia

‘Mild” QTc prolongation was observed in 7.9 % of
citalopram overdoses and 6.3 % of escitalopram
overdoses. ‘Moderate’ QTc prolongation was
observed in 0.6 and 1.6 % of citalopram and
escitalopram overdoses, respectively. No
significant between-group differences on both
measures

Median QTcB for 318 pts not taking cardiotoxic
drugs was 423 ms. Comparison of the median
QTcB intervals of the five SSRI groups was
significantly different (p = 0.0002). Pair-wise
comparisons of mean QTcB intervals showed that
citalopram (IQR 450 ms) was statistically
significantly different than fluoxetine (p = 0.045),
fluvoxamine (p = 0.022), paroxetine
(p = 0.0002), and sertraline (p = 0.001). 68 % of
citalopram overdoses had a QTcB >440 ms, 12 %
had a QTcB >500 ms, which was greater than
other SSRIs. Incidence of QTcB >440 ms
and >500 ms for other SSRIs was fluoxetine, 36
and 10 %; fluvoxamine, 24 and 6 %; paroxetine,
40 and 1 %; and sertraline, 40 and 6 %. Adjusting
for HR, gender and defined daily dose, pts
ingesting citalopram were more likely to have a
QTcB > 440 than those who had ingested
sertraline (reference group)
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Table 6 continued

Study; study design; study drug(s)

Brief study description

Major findings pertinent to QTc interval

8  Kelly et al. [165]; retrospective
review; citalopram, mirtazapine,
nefazodone, and venlafaxine

9  Waring et al. [166]; retrospective
case-controlled; citalopram,
mirtazapine, and venlafaxine

Retrospective study; 225 consecutive pts
(comparable age and gender distribution) admitted
to a toxicology unit were reviewed to compare the
toxicity (N; mean dose) of citalopram (88;
449.74 mg), venlafaxine (96; 1,645.38 mg),
mirtazapine (29; 594.23 mg), and nefazodone (12;
4,594 mg) after an overdose

Retrospective case control study; QT interval-HR
nomogram was plotted for 541 pts (mean age
34 years; 161 males) presenting to hospital after
overdose of citalopram (N = 215; 424 ECGs),
mirtazapine (N = 103; 103 ECGs), and
venlafaxine (N = 223; 331 ECGs). QTcB interval
was also evaluated. The median stated overdose
(approximately 15 multiple of the defined daily
dose) was similar between groups

Mean QTcB intervals were citalopram 427.1 ms;
mirtazapine 423.9 ms; nefazodone 419 ms; and
venlafaxine 420.2 ms (no difference between
groups). QTcB >450 ms was observed in 24 pts.
12 of these pts had co-ingested drugs believed to
alter the QT interval. Of the remaining 12 pts with
a QTcB >450 ms, one pt had ingested
mirtazapine, four venlafaxine, and seven
citalopram alone

Overall, proportion of pts with QT on or above the
nomogram was 2.4 %, whereas that for
QTcB >440 ms was 23.1 %, and QTcB >500 ms
was 1.1 %. Citalopram conferred a significantly
greater likelihood of QT higher than the
nomogram than ingestion of mirtazapine or
venlafaxine. A significantly higher proportion of
pts in the citalopram group (32 %) had
QTcB >440 ms than the venlafaxine group

10 Chan et al. [215]; retrospective case-
control; venlafaxine and SSRIs

Retrospective study comparing all 36 pts who
presented with venlafaxine self-poisoning with 44
randomly selected pts with SSRI (sertraline,
fluoxetine, citalopram, paroxetine, fluvoxamine)
self-poisoning between 1997 and 2006

(18 %) and mirtazapine group (16 %), but not with
regards to QTcB >500 ms (2, 1 and 0 % for
citalopram, venlafaxine and mirtazapine groups,
respectively)

QT was plotted against the HR to generate a QT
interval nomogram. For 3 cases each of
venlafaxine and SSRI toxicity, QT interval was
marginally above the ‘at risk’ for TdP line on
nomogram

ECG electrocardiogram, HR heart rate, QR interquartile range, pt patient, QTcB Bazett’s formula-corrected QT interval, SSRI selective serotonin reuptake

inhibitor, 7dP torsades de pointes

mirtazapine, four venlafaxine, and seven citalopram. In the
study by Waring et al. [166], citalopram conferred a sig-
nificantly greater likelihood of higher-than nomogram QT
interval than ingestion of mirtazapine or venlafaxine. A
significantly higher proportion of patients in the citalopram
group (32 %) had a QTcB >440 ms than the venlafaxine
(18 %) and mirtazapine groups (16 %), but not with
regards to a QTcB >500 ms.

In the only efficacy and safety publication of citalopram
(Supplementary Table 10, study 1), Rasmussen et al. [167]
(401) performed a pooled analysis of the data available up
until 1999. In the only randomized, double-blind study of
healthy volunteers, pooled data from three prospective
studies and a retrospective analysis of data from the pla-
cebo-controlled studies, citalopram was comparable to
placebo with regards to its effect on QTc interval. Review
of 9 years of post-marketing surveillance data identified 17
cases of citalopram-associated QTc prolongation and/or
TdP. Most of these cases had risk factors for QTc pro-
longation in addition to therapeutic citalopram.

We found 16 case reports of citalopram-induced QTc
prolongation and/or TdP (Supplementary Table 11 and
Table 7) [69, 87, 112, 168-180]. All patients had at least
one additional risk factor for QTc prolongation besides
therapeutic doses of citalopram. TdP occurred in nine
cases, seven (77.8 %) of whom were receiving therapeutic

doses (up to 60 mg/day), one was receiving 80 mg/day,
and one presented with an overdose.

5.2 Escitalopram

The TQT study for escitalopram [8] was a randomized,
double-blind, placebo-controlled, crossover study. 113
subjects received escitalopram 10 and 30 mg/day, moxi-
floxacin 400 mg/day (active control), and placebo. Escita-
lopram caused a dose-dependent increase in the QTc
interval. Change in the mean QTc interval from baseline
was 4.5, 10.7, and 9.0 ms with escitalopram 10 mg/day,
escitalopram 30 mg/day, and moxifloxacin 400 mg/day,
respectively.

We did not find any QTc prolongation-specific study for
escitalopram. Three studies assessed QTc prolongation
associated with overdose of escitalopram (Table 6, studies
3,5, and 6) [162, 163, 181]. van Gorp et al. [181] reviewed
ECGs from 78 presentations of escitalopram overdose
involving 68 patients. QT-HR plotted on QT nomogram
identified 11 presentations (ten patients; 14.7 %) at risk of
TdP. The other two toxicology studies [162, 163] included
citalopram besides escitalopram and are described in
greater detail in Sect. 5.1 above. In both these studies, the
QTc-prolonging effect of citalopram and escitalopram was
comparable.
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Table 7 Summary of case-report material for seven second-genera-
tion antidepressants (citalopram, escitalopram, fluoxetine, mirtaza-
pine, paroxetine, sertraline, and venlafaxine) considered to carry the
risk of prolonging QTc interval and causing torsade de pointes.

Paroxetine and mirtazapine not listed because no published case
report for these drugs was found. See supplementary Tables 11-15 for
information about individual case reports

Drug Age Dose range  QTc interval ~ All QTc interval TdP cases  No. of cases  General comments
(no. of case range (mg); <or TdP <or at with
reports) (years); overdoses [n  >500 ms (all cases >500 ms therapeutic  additional
sex (F/ (%)] cases) [n (%)] (TdP cases) dose (% of risk factors
M) all TdP —_—
cases) 0 1-2 =3
Citalopram 14-89; 20-11,600; 8 <500 = 4; 9 <500 = 1; 7778 %) 0 9 7 Several pts were elderly
(16) [69, 13F/ (50) >500 = 12 (56.2) >500 =8 females. Additional risk
87, 112, 3M factors were prevalent. A
168-180] report of overdose that
was specifically
monitored found a
significant correlation
between serum
citalopram level and QTc
interval
Escitalopram  14-60; 5-500; 4 <500 = 4, 0 NA 0 6 0 In both non-overdose
(6) [184— SF/1IM (66.7) >500 = 2 cases, QTc prolongation
189] appeared soon after
starting escitalopram and
resolved after stopping it.
One had a history of
dizziness during a trial of
citalopram
Fluoxetine Neonate— 10-2,400; 2 <500 = 3; 3(30) <500=1; 3 (100) 2 5 2 In the case of neonate,
9) [192- 83; 6F/ (22.2) >500 = 5; >500 = 1; exposure to fluoxetine
200] 3M (NS=1) (NS=1) was through mother’s
therapeutic use. In two
cases, metabolic
inhibition of another
QTec prolonging drug by
fluoxetine was a
contributing factor
Sertraline (2) 40 and NS and <500 = 0; 1(50) <500 = 0; 1 (100) 0 1 1 In the case with TdP, QTc
[210, 211] 72, 2F/ 2,250; 1 >500 = 1; >500 = 0; was prolonged but value
oM (50) (NS =1) (NS =1) was not specified. Dose
of fluoxetine was also
not specified for this case
Venlafaxine 36-64; 150-13,500; <500 = 0; 1 (20) <500 = 0; 1 (100) 0 3 2 A case of venlafaxine
(5) [87, 94, 3F2M 3 (60) >500 =5 >500 =1 overdose suffered sudden
216-218] cardiac death but no TdP

was documented.
Another case of overdose
died of refractory
ventricular fibrillation

F female, M male, NA not applicable, NS not significant, pt patient, TdP torsades de pointes

Two efficacy and safety publications provided infor-
mation about escitalopram-induced QTc prolongation
(Supplementary Table 10, studies 2 and 3) [182, 183]. In
one of these [182], treatment with escitalopram 10 mg/day
for 1 year was compared with placebo for prophylaxis of
depression in patients with acute coronary syndrome. Es-
citalopram use was not associated with an increase in
QTcB interval or an increase in the incidence of QTcB
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interval >450 ms. The second publication [183] performed
a pooled analysis of data from all randomized placebo-
controlled studies sponsored by H. Lundbeck A/S or Forest
Laboratories, Inc. Both in 14 short-term (8—12 weeks) and
three long-term (24 weeks) studies, the difference to pla-
cebo in the mean change in the QTcF interval between
escitalopram10 mg and 20 mg was not significant at end of
study or at last assessment. One of 2,407 escitalopram
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patients had a QTcF interval >500 ms and a change from
baseline >60 ms.

In the six case reports for escitalopram (Supplementary
Table 12 and Table 7) [184—189], four involved an over-
dose. All patients had risk factors for QTc prolongation
besides therapeutic escitalopram. No case experienced
TdP.

5.3 Fluoxetine

We did not find a TQT study or any pertinent efficacy and
safety study of fluoxetine.

We found four QTc prolongation-specific studies for
fluoxetine (Table 5, studies 2,9, 10 and 11) [158, 159, 190,
191]. In an open-label study of 12 healthy volunteers, Zhao
et al. [190] observed that co-administration of fluoxetine
with cisapride significantly decreased cisapride plasma
concentrations. There were no clinically significant changes
in QTcB intervals (QTcB >450 ms or an increase in QTcB
of >15 % from baseline) during administration of cisapride
alone or with fluoxetine. In the study by Dubnov-Raz et al.
[159] already discussed in Sect. 5.1 above, neonatal expo-
sure to all included antidepressants was associated with
QTcB interval prolongation. Of the five neonates with a
QTcB interval >460 ms, two were exposed to fluoxetine
and three to paroxetine. In the cross-sectional study based
on data from electronic health records [158], antidepressant
use was associated with QTc prolongation. Analysis for
individual antidepressants was not offered. Dose of fluox-
etine did not predict QTc interval. Baker et al. [191] com-
pared the ECG effects of fluoxetine and doxepin in patients
with major depression over a period of 6 weeks. Unlike
doxepin, fluoxetine had no affect on QTc interval.

In the toxicology study by Isbister et al. [164] (Table 6,
study 7), 42 of the 297 single SSRI overdoses were of
fluoxetine. Citalopram had a significantly greater effect on
QTc interval than other included SSRIs. In patients with
fluoxetine overdose, 36 % had a QTcB interval >440 ms
and 10 % had a QTcB interval >500 ms.

We found nine case reports for fluoxetine (Supplemen-
tary Table 13 and Table 7) [192-200]. Seven cases had at
least one additional risk factor besides therapeutic fluoxe-
tine. TdP occurred in three cases, in all with a QTc
interval <500 ms.

5.4 Mirtazapine

We did not find a TQT study, any pertinent efficacy and
safety studies, or case reports of mirtazapine. The only QTc
prolongation-specific study for mirtazapine [158] (Table 5,
study 9) included several antidepressants and was dis-
cussed in Sect. 5.1. In this cross-sectional study, 20.4 % of
individuals had abnormal (451-500 ms for men,

471-500 ms for women) or high (>500 ms) QTc values
without any significant difference between treatment
(amitriptyline, bupropion, citalopram, duloxetine, escita-
lopram, fluoxetine, mirtazapine, nortriptyline, paroxetine,
sertraline, and venlafaxine) groups. Dose of mirtazapine
was not a predictor of QTc interval.

We found two toxicology studies of mirtazapine
(Table 6, studies 8 and 9) [165, 166]. Kelly et al. [165]
reviewed data on 225 consecutive patients presenting with
citalopram, mirtazapine, nefazodone, and venlafaxine
overdose. The mean QTcB interval for the mirtazapine
group (423.9 ms) was comparable with those for the other
groups. One of the 12 patients with a QTcB >450 ms and
without co-ingestion of another cardiotoxic drug had
ingested mirtazapine. In the second study, Waring et al.
[166] assessed the QTcB interval and plotted a QT interval
versus HR nomogram on patients presenting with overdose
of citalopram, mirtazapine, or venlafaxine. Overall, QT
interval was on or above the nomogram for 2.4 % of the
patients. For the mirtazapine group, 16 % of patients had a
QTcB >440 ms and none had a QTcB >500 ms.

5.5 Paroxetine

We did not find a TQT study or any case report for
paroxetine.

We found five QTc prolongation-specific studies for
paroxetine (Table 5, studies 3, 4, 5, 9 and 10) [158, 159,
201-203]. Martin et al. [201] investigated the effects of
paroxetine on the pharmacodynamic and pharmacokinetic
profile of terfenadine in 12 healthy adults. Paroxetine co-
administration did not affect terfenadine pharmacokinetics.
The QTc interval changed slightly from terfenadine-alone
administration (404 ms) to paroxetine co-administration
(405 ms). In a study of 40 adult patients, Kuhs and Rudolf
[202] noted that amitriptyline altered the QTcB interval
while paroxetine did not. Edwards et al. [203] also did not
observe any significant effects of paroxetine on QTc
interval in a small study of depressed patients. In the study
of neonates exposed to antidepressants through maternal
use [159], three of the five neonates with a QTcB inter-
val >460 ms were exposed to paroxetine. Lastly, in the
cross-sectional study [158] discussed earlier in Sect. 5.1,
the dose of paroxetine did not predict QTc interval.

In the only toxicology study including paroxetine
(Table 6, study 7) [164], 78 of the 297 single SSRI over-
doses were of paroxetine. Citalopram had a significantly
greater effect on QTc interval than other included SSRIs.
In patients with paroxetine overdose, 40 % had a QTcB
interval >440 ms and 1 % had a QTcB interval >500 ms.

Both efficacy and safety studies of paroxetine were
pooled analyses (Supplementary Table 10, studies 4 and 5)
[204, 205]. Krulewicz et al. [205] pooled data from three 8-
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to 10-week, randomized, placebo-controlled, double-blind
trials of paroxetine in patients aged 7-18 years. A total of
1,451 ECGs from 449 patients receiving placebo
(N = 207), paroxetine (N = 200), or imipramine (N = 42)
were analyzed. Treatment with placebo or paroxetine did
not significantly change mean QTcB or QTcF values from
baseline. A similar proportion of placebo- and paroxetine-
treated patients had an increase in QTcB or QTcF interval
of >60 ms or 30-60 ms from baseline. None of the treat-
ment groups were associated with a QTcB or QTcF value
of >500 ms. Nelson et al. [204] pooled data from four
8-week randomized, double-blind, placebo- (N = 371) and
paroxetine-controlled (N = 359) studies of duloxetine
(N = 736) for major depression in adults. Neither treat-
ment altered baseline QTc interval. No treatment-emergent
QTc prolongation, defined as >30 ms change from base-
line, was observed.

5.6 Sertraline

We did not find a TQ study for sertraline. There were three
QTc prolongation-specific studies of sertraline (Table 5,
studies 6, 9 and 10) [158, 159, 206]. Alderman [206]
studied the pharmacokinetic and ECG effects of sertraline
on cisapride and pimozide in 30 adult healthy volunteers.
Co-administration of sertraline significantly decreased the
concentration of cisapride and significantly increased the
concentration of pimozide than when these drugs were
administered alone. No subject exhibited a prolonged QTc
interval (defined as >15 % increase) with co-administra-
tion of sertraline with cisapride or pimozide. In the study
showing that neonatal exposure to antidepressants through
maternal use [159] prolongs QTc interval (discussed in
Sect. 5.1), none of the five neonates with a QTcB inter-
val >460 ms were exposed to sertraline. Lastly, in the
cross-sectional study [158] also discussed in Sect. 5.1, the
included antidepressants had a comparable effect on QTc
interval. Dose of sertraline did not predict QTc interval.

In the toxicology study by Isbister et al. [164] (Table 6,
study 7), 103 of the 297 single SSRI overdoses were of
sertraline. Citalopram had a significantly greater effect on
QTec interval than other included SSRIs. In patients with
sertraline overdose, 40 % had a QTcB interval >440 ms
and 6 % had a QTcB interval >500 ms.

We found three efficacy and safety studies of sertraline
with information on its effect on QTc interval (Supple-
mentary Table 10, studies 6-8) [207-209]. In a double-
blind study [207], depressed patients hospitalized for
myocardial infarction were randomized to receive sertra-
line or placebo for 24 weeks. Mean QTc interval as well as
number of patients with a QTc interval >450 ms decreased
from baseline to week 16 for both groups without any
differences between the groups. Wilens et al. [208]
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compared sertraline with placebo for obsessive-compulsive
disorder in youth over a period of 12 weeks. Neither
treatment group experienced a significant increase in mean
QTcB interval from baseline. Lastly, Guy and Silke [209]
analysed 2,500 ECGs from four studies in which sertraline
(dose range 50—400 mg/day) was compared with placebo
and/or amitriptyline. Amitriptyline treatment was associ-
ated with a significant prolongation of QTc interval from
baseline, but sertraline treatment was not.

We found only two case reports for sertraline-related
QTc interval prolongation and/or TdP (Supplementary
Table 14 and Table 7) [210, 211]. TdP occurred at a
therapeutic dose of sertraline in one of these cases.

5.7 Venlafaxine

We did not find a TQT study or any pertinent efficacy and
safety study of venlafaxine.

We found three QTc prolongation-specific studies of
venlafaxine (Table 5, studies 7, 8, 9) [158, 212, 213].
Mbaya et al. [212] studied ECGs of 37 depressed adult
patients treated with high doses of venlafaxine for at least 1
year. QTc was normal (defined as <440 ms in men
and <470 ms in women) in all patients except one female
patient who had a QTc of 476 ms. There was no associa-
tion between the dose of venlafaxine ER and QTc interval.
Johnson et al. [213] studied ECGs of patients >60 years of
age treated with venlafaxine ER for up to 12 weeks. For 40
patients with a baseline and follow-up ECG, mean QTcB
interval at follow-up was not significantly different from
baseline. One patient experienced an increase in QTc
interval from 403 to 456 ms and another patient experi-
enced an increase from 433 to 469 ms. Venlafaxine was
among the antidepressants in the study by Castro et al.
[158] showing 20.4 % of individuals having abnormal
(451-500 ms for men, 471-500 ms for women) or high
(>500 ms) QTc values. There was no significant difference
between treatment (amitriptyline, bupropion, citalopram,
duloxetine, escitalopram, fluoxetine, mirtazapine, nortrip-
tyline, paroxetine, sertraline, and venlafaxine) groups.
Dose of venlafaxine did not predict QTc interval.

We found four toxicology studies of venlafaxine
(Table 6, studies 4 and 8-10) [165, 166, 214, 215]. Isbister
[214] studied 369 incidents of venlafaxine overdoses in 273
patients by plotting the QT interval versus HR on a QT
nomogram. In 22 admissions (6 %), the QT-HR pair was
above the ‘at-risk for TdP’ line; these cases were more
likely to have larger ingestions or co-ingestion of other
drugs known to affect the QT interval. No arrhythmias
were observed on continuous telemetry. Chan et al. [215]
compared the QT-HR nomogram of 36 cases of venlafax-
ine overdose with 44 randomly selected cases of SSRI
overdose. For three cases in each group, the QT interval
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was marginally above the ‘at risk’ for TdP line on the
nomogram. In the study by Kelly et al. [165], 96 of the 225
cases were of venlafaxine overdose. The mean QTcB
interval of the venlafaxine group (420.2 ms) was compa-
rable with those of other groups. Four of the 12 patients
with a QTcB >450 ms and without co-ingestion of another
cardiotoxic drug had ingested venlafaxine. Cases of ven-
lafaxine overdoses were also included in the study by
Waring et al. [166]. For the venlafaxine group, 18 % of
patients had a QTcB >440ms and one had a
QTcB >500 ms.

We found five case reports of venlafaxine-related QTc
interval prolongation and/or TdP (Supplementary Table 15
and Table 7) [87, 94, 216-218]. QTc interval was >500 ms
for all cases. All cases had risk factors for QTc prolonga-
tion besides therapeutic venlafaxine. The only case of TdP
was on the therapeutic dose of venlafaxine. Two cases
without TdP died of other cardiac complications.

5.8 Summary of Risk of QTc Prolongation and TdP
with Individual SGADs

It is obvious that all the SGADs reviewed above are
associated with varying degrees of QTc interval prolon-
gation. There is a reasonable amount of fairly consistent
literature suggesting that citalopram prolongs QTc interval
in a dose-dependent manner, which may be statistically and
clinically significant in some situations. Current literature
does not allow definitive stratification of the risk of QTc
interval prolongation with other SGADs. It is even harder
to categorize the risk of TdP with individual SGADs.
Citalopram does seem to standout for this particular risk in
toxicology studies and case reports, but occasional cases of
TdP have been reported for some other SGADs as well.
Further complicating literature interpretation is the fact that
most cases of SGAD-associated TdP occurred at thera-
peutic doses of these drugs.

6 Discussion

This comprehensive review highlights the limitations in the
literature on SGAP- and SGAD-associated QTc interval
prolongation and/or TdP. Foremost among the limitations
is the paucity of well designed studies specifically assess-
ing drug-induced QTc interval prolongation. The bulk of
the literature on this topic derives from efficacy and safety
trials. Such studies almost always exclude patients with
medical and cardiovascular comorbidity and their findings
have limited relevance to at-risk patients seen in clinical
practice [8, 14, 29]. The few QTc interval-specific studies
mostly had a small sample size and employed a retro-
spective, cross-sectional, or naturalistic observation design

without control of confounding factors. Toxicology studies
provided valuable information but they are few in number,
and their findings are mostly pertinent to situations of drug
overdose. Case reports provide unique information, espe-
cially about the factors that may link QTc interval pro-
longation to TdP, but the information does not allow
comparison between drugs and cannot be generalized to
clinical practice.

Several well established methods exist to correct QT
interval for HR [219, 220]. Overall, the machine-read
QTcB interval was the most common method used in the
studies we reviewed. Toxicology studies mostly employed
the QT nomogram method to report their findings. Fri-
dericia’s method was used fairly often, but population- or
individual-based correction methods were used rarely. The
method used to calculate the QTc interval can signifi-
cantly impact on the findings of a study. For example, use
of Bazett’s formula for drugs likely to cause tachycardia,
such as clozapine, will over-estimate the risk. Nielsen
et al. [31] noted that sertindole augmentation of clozapine
treatment caused a statistically significant prolongation in
the machine-calculated QTcB interval versus placebo, but
the difference was not significant with manually calcu-
lated QTcF. In another study, the change in mean QTc
interval after treatment with quetiapine was 12.6 ms using
Bazett’s formula but only 1.3 ms with Fridericia’s for-
mula. In a study of 207 patients being treated for
schizophrenia and 207 age- and gender-matched healthy
controls, Hingorani et al. [221] noted that mean QTcB
interval was significantly longer in patients (412 ms) than
in controls (402 ms) but mean QTcF intervals were
comparable (398 ms in patients vs. 401 ms in controls).
The method used to calculate the QTc interval can also
have clinical implications as noted in the interesting dis-
cussion by Dhillon et al. [31, 38], Nielsen [222], and Law
et al [223].

Lack of a consistent sex- and extent-based definition of
‘prolonged QTc interval’ further complicates any attempts
to compare or consolidate studies. Values to define ‘pro-
longed QTc interval’ ranged from >390 ms for males
and >440 ms for females [30] to >470 ms for males
and >480 ms for females [55, 163]. Some studies (e.g.,
Kane et al. [145]) only reported a QTc interval prolonga-
tion as >500 ms. Only a few studies (e.g., Mencacci [138,
163] and Yilmaz et al. [138, 163]), set distinct sex-based
values for QTc interval prolongation or made a distinction
between mild and moderate QTc prolongation. Similarly,
reporting of the extent of prolongation in QTc interval from
baseline was inconsistent. Furthermore, studies rarely
controlled for confounding variables such as timing of
ECGs in relation to drug administration or concurrent
presence of other risk factors for QTc interval
prolongation.
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Besides the methodological limitations described above,
there is one serious conceptual limitation in the current
literature—emphasis on drug-associated QTc prolongation
per se over-shadows other factors that link psychotropic
drugs to TdP. In a comprehensive review of 102 publica-
tions, Bednar et al. [14] observed that 108 of 116 (92.2 %)
cases of non-cardiac drug-associated TdP occurred at a
QTc interval >500 ms, and the remaining 7.8 % occurred
with a QTc interval <500 ms. Authors emphasized that
both the magnitude of QTc prolongation and characteristics
of the population were the most important determinants of
risk for TdP. They identified heart disease, female sex,
bradycardia, hypokalemia, and other electrolyte abnor-
malities as important risk factors. Viskin et al. [15]
reviewed data from 229 published cases of drug-associated
TdP. A total of 96 % of cases had one or more risk factors
for QTc interval prolongation/TdP in addition to the drug.
The major risk factors (cases) included female sex (71 %),
significant cardiac disease (42 %), concurrent use of more
than one QTc-prolonging drug (39 %), concurrent use of a
metabolic inhibitor of a QTc interval-prolonging drug
(38 %), hypokalemia (28 %), toxic ingestion of the drug
(20 %), and pre-treatment prolonged QTc interval, history
of a familial long QT syndrome or a previous episode of
drug-induced TdP (18 %). Astrom-Lilja et al. [13]
reviewed 88 spontaneously reported cases of TdP in
Sweden. In addition to drug treatment, two or more
established risk factors were present in 85 % of the cases.
Heart disease (90 %) was the most common risk factor,
followed by age over 65 years (72 %) and female gender
(70 %).

The case report material we reviewed (Tables 4, 7, and
Supplementary Tables 4-9 and 11-15) mirrors the findings
of the above-mentioned studies [13-15]. Overall, there
were 102 reports (101 cases) of QTc interval prolongation
involving six SGAPs and five SGADs. TdP occurred in 28
(27.5 %) reports; the QTc interval was <500 ms in six
(21.4 %) and >500 ms in the remaining 22 (78.6 %). At
least one additional well established risk factor for QTc
prolongation (see Sect. 3.5 for specific risk factors counted)
was noted in 94 (92.2 %) of the 102 reports. It is also
important to note that in nine (64.3 %) of 14 reports of
SGAP-associated TdP and 12 (85.7 %) of 14 reports of
SGAD-associated TdP, TdP occurred at therapeutic doses
of these agents.

Our review has several limitations. We focused only on
published, English-language literature available through
two leading indexing sites. We intentionally did not seek
unpublished data from the manufacturers. Manufacturers
are not obligated to release all the pertinent data, and in
some cases may not even respond to such requests [224].
Selective release of data creates bias [225]. Furthermore,
had there been any significant data with the manufacturers,
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they would have either been published or have come to the
attention of agencies like the FDA. We did not include
meta-analyses in this review because their findings are
limited by what is (and is not) included in the analysis.
Broad-based efficacy and safety meta-analysis [226] may
not rigorously control for factors pertinent to the QTc
interval, while meta-analysis using stringent study selec-
tion criteria to control for such factors [224] may be left
with only a handful of studies for analysis. Furthermore,
meta-analyses are mostly based on data from clinical trials
of relatively healthy patients, and their finding cannot be
generalized to real-life clinical practice. Case report
material cannot be used to compare between drugs as it
does not control for prescription/exposure rates and
reporting bias, such as, an interest to report generated by
regulatory concerns. Discussion on non-clinical in vitro
human ether-a-go-go-related gene (hERG) channel affinity
studies and the in vivo QT assay studies was beyond the
scope of this review. Such studies are few, are not available
for all drugs included in this review, and do not provide
comparison between drugs. Based on our familiarity with
this literature [4—7], we know its inclusion in this review
would not have made a meaningful difference in our
findings.

7 Directions for Future Clinical Research

Investigational agents from drug classes known to prolong
the QTc interval undergo non-clinical in vitro and in vivo
studies. Discussion pertaining to such research is beyond
the scope of this review. Interested readers are referred to
the ICH S7B document [227] and the publication by Farkas
and Nattel [228]. It is important to remember that the target
point of interest is TdP. ‘Prolonged QTc interval’ is only a
surrogate marker of TdP and has its limitations [229, 230].
It is essential to research both sides of the drug—QTc
interval prolongation—-TdP link to best understand the
whole process.

The precision of drug-associated QTc interval prolon-
gation studies depends greatly upon the method used to
measure the QT interval and the formula used to correct it
for HR. Fixed-correction methods are easy to use but less
precise than the population-based or individual-based
(most precise) correction methods [219, 220, 231].
Unfortunately, the fixed-correction method used most often
(Bazett’s correction) overestimates QTc interval prolon-
gation over a broad range of HRs [232]. We are pleased
that ICH has now recognized it “an inferior method” and
recommended using Fridericia’s correction (or another
suitable method) instead [12]. It is also well known that
automated calculations lack precision [12]. Manual mea-
surement involves measuring the QT interval in lead II or
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one of the leads from V3-V6 (usually V5) over 3-5 cycles
and calculating the mean. The tangent method defines the
end of the T-wave most reliably [233, 234]. In this method,
the intercept between the isoelectric line and the tangent of
the steepest part of the T-wave defines the end of the
T-wave. In situations of T-wave morphology alterations,
such as presence of U-waves, biphasic T-waves, or flat
T-waves, manual reading by an experienced ECG reader is
often appropriate. We hope that Fridericia’s correction
using manual or manual adjudication method becomes the
basic standard in all future QTc interval-related studies and
case reports. Other correction method(s) can be used in
addition to this method; such studies will allow comparison
between the methods [166, 235]. More precise population-
or individual-based correction methods would be desired in
TQT and other rigorously designed QTc prolongation-
specific studies. Readers interested in the topic of how to
assess a QTc interval are referred to a publication by
Nielsen et al. [233].

To improve consistency across studies and to prevent
reporting bias, there is a need to predefine QTc interval
prolongation. Currently used values are QTcB interval-
based [236] but are generalized to other methods of cor-
rection. Normal QTc interval values are <430 ms for
males and <450 ms for females. A QTc interval >500 ms
is a strong predictor of a drug’s risk to cause TdP in both
sexes. Increase in QTc interval from baseline
of >30 ms, >60 ms, or >15 % are also valuable predic-
tors of a drug’s risk to cause TdP. When possible, all drug-
associated QTc interval prolongation/TdP studies should
aim at reporting the results based on these values. Addi-
tional sex-based values may be used.

It is also important to adjust for the possible drug
concentration-dependent variations in QTc interval. If
study design allows, ECGs should be obtained during
drug steady state at f.x. fmax can be estimated from the
established pharmacokinetics of the drug. Rigorous stud-
ies may need to calculate study-specific f#,,x and monitor
serum levels of the study drug as well as any of its
metabolites with possible effects on the QTc interval.
Implications of such monitoring are reflected in a study
[76] noticing that the serum level of the 9-hydroxy
metabolite of risperidone but not risperidone correlated
positively with QTcB interval, and another study [46]
observing a decrease in the QTc-prolonging effect of
risperidone after metabolic inhibition.

Future studies should also attempt to identify poten-
tially confounding factors and control them whenever
possible. While this may be of little relevance to efficacy
and safety studies of relatively healthy patients, it can
have significant implications for studies based on clinical
patients (e.g., naturalistic observational and pharmaco-
vigilance studies), in whom multiple risk factors for QTc

interval prolongation are not uncommon [158, 167, 207,
237, 238]. The QTc interval varies tremendously between
individuals [239]. This necessitates establishing the
baseline QTc interval of the study population. For psy-
chiatric patients, it would be important to establish a drug-
free baseline based on pharmacokinetic principles to
eliminate any existing psychotropic drug effect. Estab-
lishing a drug-free baseline is also important considering
that factors associated with markers of ventricular repo-
larisation, such as cigarette smoking, obesity, and meta-
bolic syndrome, are highly prevalent in this patient
population [240-242]. It would also be important to
control for drugs that may lessen QTc interval prolonga-
tion [243, 244]. When a control group is used, it must be
age- and sex- as well as risk factor-matched. Otherwise,
the sample size should be large enough to allow analyses
after controlling for the confounding variables.

There is a tremendous need for research that focuses on
the link between the drug and TdP. SGAP- and SGAD-
associated QTc interval prolongation by itself is not suffi-
cient to link a drug with TdP. The extreme rarity of SGAP-
and SGAD-associated TdP limits us from researching TdP
as an endpoint through well designed prospective studies.
In this scenario, an approach of ‘reverse research’ of
patients with drug-induced TdP may be the only viable
option. Toxicology studies, pharmaco-vigilance data, and
case reports provide important information in this regard.
Information from case reports of patents experiencing QTc
interval prolongation and/or TdP during therapeutic drug
use can be particularly insightful and may help develop
‘selected vulnerability’ hypotheses (e.g., role of genetic
factors [245, 246]) for further exploration.

Ventricular repolarisation is the most vulnerable period
for a possible arrhythmia, and several ECG descriptors of
this phase have been studied as predictors of cardiac out-
come [247]. Potential markers that have been explored in
psychotropic drug studies include two markers of ventric-
ular repolarisation dispersion [98, 120, 129], namely QT
dispersion (the difference between the longest and shortest
QT interval in the 12 leads) and T-peak to T-end (TpTe;
the interval from the peak of the T-wave to the end of the
T-wave), and T-wave morphology changes (e.g., flat,
asymmetric, or notched T-wave) [248, 249]. There is a
need to further study these and other potential markers in
the context of drug use to determine if any of them is easier
to study and can predict ventricular repolarisation defect
better than QTc interval prolongation.

There are several other important aspects of drug-QTc
interval prolongation-TdP research. We only highlighted a
few points to initiate the discussion. We hope that experts
from the clinical and preclinical sciences, pharmaceutical
industry, and regulatory agencies will advance this
endeavour.
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8 Conclusion

While all the nine SGAPs and seven SGADs we reviewed
are associated with TdP, current literature does not allow
categorization of individual agents for this risk. Clumping
of QTc interval prolongation with TdP has transformed the
“TdP-marker’ to ‘TdP-synonymous’. In reality, evidence
suggests that drug-associated QTc interval prolongation
may predict TdP, but by itself (i.e., in the absence of other
risk factors) rarely leads to TdP. The association between
drug-associated QTc interval prolongation and TdP is not a
simple one like that between clouds and rain (or snow). It is
a complex one, like that between clouds and hail, with
many factors in play to create the right environment for it
to happen. Future research needs to improve its precision
and broaden its scope to better understand the factors that
facilitate or attenuate progression of drug-associated QTc
interval prolongation to TdP.
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