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chlorpromazine-promethazine-phenobarbital combined
HIRZ - MEIRZE
alprazolam
amobarbital
barbital
bromazepam
brotizolam
chlordiazepoxide
clorazepate dipotassium
clotiazepam
cloxazolam
diazepam
estazolam
ethyl loflazepate
fludiazepam
flunitrazepam
flurazepam
haloxazolam
lorazepam
lormetazepam
medazepam
nimetazepam
nitrazepam
oxazolam
pentobarbital calcium
phenobarbital
phenobarbital sodium
prazepam*
quazepam
secobarbital sodium
triazolam
zolpidem
FErRIIH R
methylphenidate
modafinil
pemoline
FLTAMAEE
clobazam
clonazepam
diazepam (DZP)
phenytoin-phenobarbital
phenytoin-phenobarbital-caffeine and sodium benzoate
JRREE e UL €
buprenorphine
pentazocine
i
midazolam
mazindol
mepenzolate bromide— phenobarbital
proxyphylline-ephedrine hydrochloride-phenobarbital

*2012 4F 3 A fRFEH 1L
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Introduction
Patients with schizophrenia have a 2- to 3-fold
higher risk of premature death than the general
population '. This increased mortality has been
attributed to a combination of lifestyle factors
(smoking, substance abuse, and homelessness),
high suicide rates (especially in young male
patients soon after diagnosis), premature
development of cardiovascular disease and a
higher prevalence of metabolic syndromes. In
addition, patients with schizophrenia exhibit
higher rates of sudden unexpected death *°.
One likely factor

contributing to early

unexpected death is cardiac arrhythmia °.

Patients with schizophrenia are at a higher risk
of developing cardiovascular diseases, possible
because long-term use of certain antipsychotics
may trigger adverse cardiovascular events such
as QTc interval prolongation (or long QTc
syndrome). Together, these risk factors may
lead to torsades de pointes (TdP) or sudden
cardiac death.

Warner et al. 7 reported QTc
prolongation (>420 ms) in 23% of patients with
chronic schizophrenia compared with only 2%
of age-matched, drug-free controls. Reilly et al.

® reported that 8% of 495 psychiatric patients,
the majority on antipsychotics, had QTc




prolongation. Currently available
antipsychotics have widely varying effects on
the QTc interval *'®. Long-term treatment with
typical antipsychotics (TAPs) involves a greater
risk of QTc interval prolongation than atypical

) 2 The association

antipsychotics (AAPs
between AAPs with QTc prolongation and with
sudden death has become a more conflictive
subject after an article published in 2009 ?'.
However, a more recent cross-sectional study in
a large clinical sample from Japan found an
association  between long QTc  and
chlorpromazine, intravenous haloperidol and
whereas the

sultopride therapy,

second-generation antipsychotic drugs

(olanzapine, quetiapine, risperidone and
zotepine) did not prolong the QTc interval 2.
In light of these inconsistencies, the effects of
TAPs and APPs on QTc prolongation requires
more rigorous study.

Other notable risk factors include
female gender, which confers a 2-fold increase
in risk and age >65 years '***, Furthermore, the
prevalence  varies according to many
patient-specific factors, including concurrent
electrolyte disturbances (specifically, potassium,
magnesium, and calcium), and genetic
susceptibility (polymorphisms that increase
long QTc risk) .

The present study aimed to further
identify risk factors, both patient-specific and
drug-induced, for QTc prolongation in

schizophrenic ~ outpatients on long-term

antipsychotic drug therapy. Apart from older
age, female gender and smoking habit, we
identified with

polypharmacy zotepine,

particularly in combination with haloperidol, as
a possible risk factor for prolonged QT in

patients with schizophrenia.

Methods

Study Population

Patient data were collected as part of a larger
study funded by the Japanese Association of
Psychiatric  Hospitals (JAPH) on the
effectiveness of outpatient day care activities
and antipsychotics for schizophrenia. The
details of this project have been provided
2. 27 In brief, we conducted a
study of 1216

member hospitals of JAPH in 2007. Our study

elsewhere
retrospective open cohort
population comprised all patients with
schizophrenia discharged between April 2004
and March 2005 and who continued to receive
outpatient treatment from JAPH member
hospitals. A systematic sampling technique was
used to select every 5th schizophrenic patient
from the medical records. Our study protocol
was approved by the ethics committees of the
JAPH and the National Center of Neurology
and Psychiatry.

Assessment

A record administrator from each hospital
retrospectively reviewed patient medical charts.
We collected information as follows: (1)
demographic characteristics of the participants
(gender and age), (2) clinical test results
acquired during hospitalization, including
results for liver function (GOT, GTP and yGTP),
glucose and lipid metabolism, systolic blood
diastolic

pressure, blood pressure and

electrocardiography, (3) cardiovascular disease -



history (including arrhythmia, ischemic or
valvular heart disease and hypertension),
diabetes history and presence of other chronic
metabolic diseases and (4) drug prescriptions
hospital

for schizophrenia at discharge.

Antipsychotic doses were converted to
chlorpromazine equivalents (CPZEq). Clinical
test results were acquired within one month
after the start of hospitalization, within one
month after hospital discharge and the
intermediate period. In addition, the main
prescription drug and their daily dose were
recorded both discharge medication and
outpatient treatment medication. In this study,
we used the prescription data at hospital
discharge and the clinical test result which were
measured within one month before hospital
discharge. The exclusion criteria were (1) age
<19 or >100 years and (2) the absence of
information on gender, incomplete clinical test
results during hospitalization or uncertainty on
antipsychotic prescriptions issued at hospital
discharge.

Definition of prolonged QTc interval

The QT interval was measured from the
beginning of the QRS complex to the return of
the T wave to the isoelectric line. When the T
wave was interrupted by the U wave, the end of
the T wave was defined as the nadir between T
and U waves. Intervals were measured in two
consecutive beats from each chest lead except
from leads where the T wave was isoelectric.
All patients had normal sinus rhythm. Heart
rate correction was performed using Bazett’s
formula, and each patient’s QTc interval was

the mean duration of all QTc measurements.

This measurement method is similar to that
used in previous studies *. A long QTc was
defined as a QTc interval >440 ms %,
Definition of Antipsychotic Prescription
Patterns

We classified antipsychotics as TAPs and AAPs.
TAPs

included bromperidol, carpipramine,

chlorpromazine, clocapramine, fluphenazine,

haloperidol, levomepromazine, moperone,
mosapramine,  nemonapride, oxypertine,
perphenazine, pimozide, pipamperone,
prochlorperazine, propericiazine, spiperone,
sulpiride, sultopride, thioridazine, tiapride,
timiperone, trifluoperazine, zotepine,
fluphenazine decanoate and haloperidol
decanoate. = AAPs included olanzapine,

perospirone, quetiapine and risperidone.
Statistical Analyses

Continuous variables were compared using
Student's t-test, and categorical variables were
compared using Fisher’s exact test. The
proportions of female patients, patients aged
>60 years, patients with indices of liver
dysfunction or hypertension, smokers, patients
with a history of specific systemic or
neurological illnesses and patients with a long
QTc interval (>440 ms) were compared using
the chi-square test. Statistical analyses were
performed using the SPSS 18 software package.
p <0.05 was considered statistically significant.
The study was approved by the local bioethical

committee, and all patients gave their informed

consent.

Results

Figure 1 illustrates the patient selection process



used for this multi-centre retrospective study.
Between April 2004 and March 2005, 21,396
patients with schizophrenia were discharged
and continued to receive outpatient treatment
from 526 JAPH member hospitals. A total of
4176 patients were selected using a systematic
sampling technique. We excluded 3117 patients
using the exclusion criteria described above. In
total, 508 patients were examined by various
clinical tests including electrocardiography
(ECQG) for the measurement of the QTc interval
within 1 month before discharge. Mean age of
the study population was 46.2 + 14.8 years, and
238 patients (46.9%) were female. Mean QTc
was 4113 + 254 ms. Seventy-four patients
(14.6%) had a prolonged QTc interval (>440
ms).

The mean QTc interval was longer in
females (417.7 + 26.4 ms vs. 405.6 = 23.1 ms,
p < 0.001) and in patients aged >60 years
(4180 + 28.1 ms vs. 4094 + 243 ms; p <
0.001). Smoking led to a mean decrease in QTc
of approximately 8.6 ms (p < 0.001). In
contrast, patients with a history of
cardiovascular or metabolic diseases had mean
QTc intervals that were not significantly
different from those with no history of these
diseases (Table 1).

Several

antipsychotic drugs have

been linked to prolonged ventricular
repolarization, which is reflected by a longer
QT interval on ECG. This effect is likely more
pronounced at higher doses or when
antipsychotic drugs are used in multi-drug
regimens. We assessed the effect of dosage,

specific antipsychotics and combinations of

antipsychotics on the QTc interval (Table 2 and
3). The mean QTc interval of patients receiving
an antipsychotic dosage >1000 mg/day in
CPZEq was not significantly different from the
mean QTc interval of patients receiving lower
dosages (412.3 £ 29.5 ms, n = 138 vs. 4109 =
237 ms, n = 370) (Table 2). Moreover, the
proportion of patients with QTc >440 ms was
not significantly different between high- and
lose-dose groups (152% vs.14.3%, p > 0.05).
Almost twice as many patients in this sample
were taking two or more antipsychotic drugs (n
= 334, 65.7%) than a single drug (n = 174,
343%). In the monotherapy group, more
patients were taking a single AAP (n = 138,
27.1%) than a single TAP (n = 36, 7.1%). No
significant difference was observed in the mean
QTc interval between AAP and TAP
monotherapy patients or among the TAP+TAP,
TAP+AAP or AAP+AAP polypharmacy
groups.

While patient groups defined by
monotherapy vs. polypharmacy or AAP vs.
TAP exhibited no differences in the mean QTc
interval, significant differences in mean QTc
intervals were observed among patient
subgroups taking specific drug combinations
(Table 3). The most frequently prescribed
antipsychotics were risperidone (n = 209),
haloperidol (n = 132), levomepromazine (n =
132) and olanzapine (n = 124). Bromperidol-
and zotepine-treated patients using
polypharmacy had significantly longer mean
taking
particular drugs in monotherapy (bromperidol
QTe= 9.3 ms; zotepine QTc= 10.5 ms; p < 0.05

QTc intervals than patients these



for both drugs).

Certain subgroups of patients taking
specific drug combinations also exhibited
longer mean QTc intervals (Table 4).
Levomepromazine plus haloperidol was by far
the most common polypharmacy, but 52 other
combinations were identified. The proportion
of patients with long QTc was actually lower in
the  levomepromazine plus  haloperidol
subgroup compared to the mean of all
polypharmacy patients (9.6% vs. 14.7%), while
the proportion of patients with long QTc was
higher in the subgroup treated with zotepine
plus haloperidol (26%, n = 23) than in any of
the other 10 most common polypharmacy
combinations that included zotepine. Similarly,
subgroups taking zotepine or haloperidol with
AAPs, such as olanzapine, perospirone or
quetiapine, and subgroups taking two AAPs,
such as risperidone plus perospirone, quetiapine
plus olanzapine or perospirone plus quetiapine,
had significantly higher proportions of patients

with long QTc intervals.

Discussion
Many non-congenital factors may predispose to
QT prolongation and higher risk of TdP,
including older age, female gender, pre-existing
diseases,

cardiovascular bradycardia and

18, 24 Burthermore, a

electrolyte disturbances
number of clinically useful drugs may cause
QTc prolongation by blocking K* currents ** or
by increasing serum levels of other K™ channel
blockers by reducing cytochrome P450 (CYP)
metabolic activity ***. Higher doses and renal

failure may also result in higher serum levels of

these drugs and consequently in QTc
prolongation **. This study aimed to determine
the prevalence of a prolonged QTc interval in
a relatively large population of patients with
schizophrenia and to

identify  specific

relationships between QTc and patient

demographic variables, clinical
characteristics and drug treatment regimens.
In this patient cohort, QTc prolongation (=440
ms) was found in 14.6% of patients. Female
patients had a higher prevalence of QTc
prolongation and a longer mean QTc interval
than male patients, consistent with previous
studies ***. We found a significant increase in
the QTc interval in patients aged >60 years but
not in patients >65 years. Cardiovascular
disease is a major cause of QTc prolongation
and arrhythmia, but this is not likely to be a
significant factor for QTc prolongation in the
present study. It is commonly believed
that higher doses and multiple antipsychotic
drug regimens can increase the QT interval
compared with low-dose treatment or
monotherapy "% %%, However, we found no
significant increase in the mean QTc interval in
patients receiving high dosage treatment
(>1000 mg/day CPZEq) or the polypharmacy
subgroup.

On the other hand, significant
differences were observed in the QTc interval
among specific drug regimen subgroups.
Zotepine-treated patients in combination had a
longer mean QTc interval compared with
patients treated with other antipsychotics or in
monotherapy. Zotepine has been in use in

Germany since 1990, in Japan since 1982, but it
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is not approved for use in the United States. It
has both dopaminergic (D2/D3 > D1/D4) and
serotonergic (5-HT2A and 5-HT2C) receptor
blocking activity. Ozeki Y et.al. reported that
the second-generation antipsychotic drugs

olanzapine, quetiapine, risperidone and
zotepine did not prolong the QTc interval, and
therefore may be more appropriate for patients
with pre-existing cardiovascular diseases or
other risk factors for TdP **. Many studies have
investigated the effects and risks associated
with single QTc-prolonging drugs, but few have
compared the effects of different multi-drug
regimens on the QTc interval. In our cohort,
zotepine was almost always used with another
antipsychotic drug (96.7%), such as risperidone
or haloperidol. Although no difference was
observed in the QTc interval between the total
monotherapy and polypharmacy groups, certain
drug combinations, including zotepine plus
haloperidol, bromperidol, olanzapine or
perospirone may increase the risk of QTc
prolongation.

In humans, the QTc interval is
strongly dependent on the rapid component of
the delayed rectifier K* current (Ig) ¥
therefore, blockade of the channel mediating
this current will delay ventricular repolarization
and prolong the QTc interval. The pore-forming
subunit of the delayed rectifier K* channel is
encoded by the -ether-a-go-go-related gene
hERG. Many drugs associated with QT interval

to block

10, 16, 38, 39

prolongation have been found
hERG-containing channels . Drug
characteristics determining the degree of QT

prolongation are the (1) potency of the drug for

the hERG channel blockade, (2) plasma
reached and (3) drug-drug

interactions  that

concentration
influence the plasma
concentration of the higher potency Ik,
antagonist. In éase of zotepine, the half
maximal (50%) inhibitory concentration for
hERG is 207 nM, as high as other
antipsychotics, while the value of hERG
IC50/Cmax-free is lower than others (Table 5).
Furthermore, zotepine is metabolized mainly by
CYP 3A4 *, the same liver isozyme responsible
for haloperidol, quetiapine and bromperidol
#.  Thus,

combinations may

metabolism these  specific

reach higher plasma
concentrations when administered together than
when administered separately, leading to
greater Ix, blockade and QTc prolongation
(Table 4 and 5). This applies to haloperidol as
well. Thus, we considered that there was
probable cause to the high prevalence rate of
long QTc in the several combination
descriptions, such as zotepine plus haloperidol
or quetiapine (Table 4).

The study shares the limitations of all
retrospective open cohort studies. In addition,
QTc was obtained within one month before
hospital discharge, while the antipsychotics
Thus,

regimen was discharge medication.

additional case-control clinical and

animal-based pharmacokinetic studies are

required to establish causal relationships
between long QTc and specific antipsychotic
drug combinations and to determine the
pathogenic mechanisms.

In conclusion, we demonstrate that

female gender (OR, 1.6) and age >60 years (OR,
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1.7) are significant risk factors for QTc
prolongation in schizophrenic outpatients on
antipsychotic therapy. In addition, certain
antipsychotic regimens were associated with
longer QTc. Specifically, polypharmacy that
included zotepine was associated with
increased risk of QTc prolongation compared
with other mono- or polypharmacies. These
data may be useful for selecting the safest
antipsychotic regimen for individual patients

with schizophrenia.
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Figure 1. Flow diagram

Members of Japan Psychiatric Hospitals Association

Recruited (526 hospitals)

Patients with schizophrenia discharged between April 2004 and March 2005,
and continuing to receive outpatient treatment (n = 21,396)

Recruited using systematic sampling procedure (n = 4,176)

Excluded (n=3,117)

1. aged less than 20

2. aged aged less than 19 and over aged 100
Absence of information on

3. gender

4. clinical test result

5. prescription for antipsychotics

Data available for analysis (n = 1599)

Recruited the patients who perform clinical test
within one month before hospital discharge

Data available for analysis (n = 508)




Table 1. Patient’s demographics and clinical characteristics

Patient Average

Characteristic (n=508) QTe(msec) S.D. P
Age
below the age of 60 years old 398 4094 243  0.00
over-60 years old 110 4180  28.1
Gender
Male 270 4056 231 000
Female 238 4177 264
History of cardiovascular disease
Yes 14 406.7 282 058
No 494 4114 253
History of other physical illness
Yes 137 4124 252 055
No 371 4109 255
History of seen in other departments
Yes 440 4117 256 038
No 68 408.8 238
Diabetes
Diabetes 50 408.1 258 035
normal 458 4116 253
Smorking
Yes 239 406.8 2277  0.00
No 269 4153 270




Table 2. The number or dose of drug prescriptions by QTc

Patients Rate of Rate of

(n=508)  prescription (%) ormal QTe Long QTe o oyreear) 93%CI p
Dose prescribing (CPZEq)
<1000mg CPZeq 370 72.8 317 53 143
1000mg CPZeq and over 138 272 117 21 152 0621101857 080
Number of antipsychotics
Monotherapy 174 343 149 25 144 0.609 to 1.725 093
Polypharmacy 334 65.7 285 49 147
Monotherapy
TAP 36 7.1 34 2 5.6
AAP 119 270 99 20 168 076310 15.157 009
Polypharmacy
TAP+TAP 107 21.1 90 17 159
AAP+TAP 202 39.8 172 30 149
AAP+AAP 25 4.9 23 2 8.0




