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Summary A group effect is generally assumed re-
garding the prolongation of the QT interval through
butyrophenone antipsychotics like haloperidol. Con-
sequently intravenous administration of benperidol is
seen critically notwithstanding sparse evidence; thus
benperidol and haloperidol were compared regarding
their cardiac risk of prolonging the QT interval when
administered intravenously for acute sedation of psy-
chotic patients. The QT interval was measured by
a 12-lead ECG. For the correction of QT values Bazett’s
formula was used. The resulting QTc intervals of the
benperidol and the haloperidol group were compared
using Mann-Whitney U-test. Our data provide statis-
tical evidence for benperidol being less prone to cause
QTc prolongation than haloperidol (p = 0.049). The re-
sults of our study indicate a more favourable risk pro-
file of benperidol compared to haloperidol regarding
QTc prolongation when administered intravenously.
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Einfluss der intravendsen Applikation des
Antipsychotikums Benperidol auf das QT-
Intervall

Zusammenfassung Ziel dieser Anwendungsbeob-
achtung ist ein Vergleich der beiden Butyrophenon-
Antipsychotika Benperidol und Haloperidol hinsicht-
lich ihrer Auswirkung auf das QT-Intervall im Zuge
einer Akutsedierung mittels i.v.-Injektion. Die QT-Zei-
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ten wurden mit einem 12-Kanal-EKG gemessen und
mittels Bazett-Formel korrigiert (QTc). Die ermittelten
Zeiten der Benperidol- und der Haloperidol-Gruppe
wurden mittels nichtparametrischer Tests verglichen.
In der erhobenen Stichprobe zeigt sich, dass Benperi-
dol gegeniiber Haloperidol das QT-Intervall statistisch
signifikant geringer beeinflusst. Da man bei Butyro-
phenonen einen Gruppeneffekt beziiglich der EKG-
Verdnderungen annimmt, wird die i.v.-Applikation
von Benperidol ebenso kritisch gesehen wie jene von
Haloperidol, obwohl es fiir Benperidol bis dato nur
vereinzelte Fallberichte gibt. Die Ergebnisse dieser
Untersuchung deuten darauf hin, dass Benperidol ein
giinstigeres Nebenwirkungsprofil in Bezug auf kardia-
le Nebenwirkungen zu haben scheint als Haloperidol
(p = 0,049).

Schliisselworter Haloperidol - QTc - Akutsedierung -
iv. - im.

Background

Due to the occurrence of QT prolongations leading to
Torsade de pointes (TdP) and cardiac death, the in-
travenous administration of the typical antipsychotic
haloperidol has no longer been recommended since
2007 [1-3].

The department of psychiatry at the Donauspital
Vienna decided to continue intravenous (IV) adminis-
tration as a means of acute sedation. The decision was
made due to the assumption that IV medication is less
traumatizing for both the patient and the team com-
pared to intramuscular (IM) medication. This might
result in a higher acceptance of treatment while safety
is warranted by monitoring of vital signs. The treat-
ment was delivered with the recommended safety pre-
cautions such as ECG monitoring as well as prede-
fined clinical standards. Data from 2010-2013 were
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Table 1 Comparison be-
tween the benperidol and

haloperidol group (meanand ~ A9€ bvears]
standard deviation if not oth-
erwise specified) Sex [number]

Potassium level [mmol/l]
QTc before administration [ms]
QTc after administration [ms]

QTc-Diff. [ms]

QTc-Diff.
Median (Range) [ms]

Standard Dose [mg]

Benperidol (V= 54) Haloperidol (N = 48)
36.8 38.1

(+=10.7) (+12.8)

f=23 (42.6%) f =27 (56.2%)

m = 31 (57.4%) m = 21 (43.8%)

3.6 3.6
(+0.29) (+0.33)
437 442
(+20.4) (+22.9)
445 458
(+26.8) (+ 20.0)
8 16
(+19.7) (+24.8)
p=0.0499
(Cl = 95%)

0 19
(~28 t0 64) (~36t0 125)
2 5

m male, ffemale, C/ confidence interval, mg milligram, ms millisecond, mmol/I millimoles per liter

collected, assessed and published in 2014 [4]. Partly
due to the adverse outcome of the study regarding
QT prolongation, haloperidol has been replaced by
benperidol registered for IV use in Germany [5]. As-
suming all butyrophenones are capable of causing QT
prolongation [6], we evaluated the assumptive QT pro-
longation during IV administration of benperidol in
a clinical setting. The results were compared with the
outcomes of the study of Scharfetter and Fischer [4].

To date only a few case studies have analysed the
potential of benperidol to lengthen the QT interval [7].
An in vitro study proved that benperidol interacts with
the hERG channel [8].

Methods

This case—control study was designed both retrospec-
tively and prospectively. One part of the retrospec-
tively gathered data stems from Scharfetter and Fi-
scher published in 2014 (haloperidol group).

Under consideration of their relevance for the QT
value the following parameters were collected: age,
sex, blood potassium level, time interval between the
single ECG recordings, dose of IV administered medi-
cation and dose of oral medication with a potential to
lengthen the QT interval.

The following exclusion criteria have been defined
for this study:

e Simultaneous IV administration of a QT-prolonging
drug

e Intervals being too long between the respective ECG
recordings in relation to the half-life periods of ben-
peridol and haloperidol (7.65 h for benperidol and
21 h for haloperidol)

e Incomplete ECG recordings

e QT value > 500 ms before first administration

A 12-lead ECG was used for the recordings. The ECG
was recorded immediately before and after each IV ad-

ministration of the respective drug. If this procedure
could not be applied correctly, the ECG was recorded
within the specific half-life period of each drug.

The QT intervals of at least three ECG recordings
were measured manually and corrected with Bazett’s
formula given below [9].

_ QT interval [ms]

Tc
Q RR—space]s]

Because the data within the haloperidol group were
not distributed normally, the Mann-Whitney test was
used to compare the differences of the QTc values.

Additionally oral administered and potentially QT
lengthening medication was not analysed in more de-
tail because the ECG leads were recorded shortly after
and before IV administration of either haloperidol or
benperidol.

For the statistical analysis, ‘Minitab 16" was used.

Results

Data were collected from 107 patients. Data from 102
of 107 have been included in the evaluation. Three of
5 patients received benperidol more than 7.65h after
the first ECG recording, 2 patients also received po-
tentially QT-prolonging drugs IM (zuclopenthixol and
risperidone). During our study, only one patient did
not qualify for IV benperidol treatment and was ex-
cluded due to meeting the exclusion criterion accord-
ing to our clinical standards of more than 500 ms QTc
prior to treatment. Characteristics of the two groups
are given in Table 1.

The average patients’ age was 36.8 (benperidol) or
38.1 (haloperidol) years. The mean potassium level
in the blood is 3.6 mmol/l, which already constitutes
a mild form of hypokalaemia. Each patient received
one vial of either benperidol or haloperidol, which
equals a dose of 2 mg or 5mg.
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Fig. 1 Boxplotcomparing QTc difference of benperidol and
haloperidol

This study shows that QTc is statistically less pro-
longed by benperidol than by haloperidol (arithmetic
mean 8 vs 16 ms; median: 10 vs. 20ms; p = 0.049;
confidence interval = 95%, see Fig. 1).

Discussion

The risk profile of IV administered antipsychotics con-
cerning cardiac complications such as TdP caused by
extension of the QT interval has been discussed in-
tensely and controversially in recent years [10-12]. For
haloperidol there is some contradictory clinical data
regarding its potential to extend the QT range [4, 13,
14], whereas for benperidol there is only one case
report [7]. In literature the opinion prevails that all
antipsychotics of the butyrophenone type are capa-
ble of prolonging the QT range, which appears to be
confirmed by in vitro studies with the cardiac hERG
channel. Blocking this potassium channel is consid-
ered the main reason for QT prolongation [10, 11]. If
a drug or substance is able to block more than 50%
of the hERG channel in a concentration lower than
100 nm, it is classified as a so-called high potency
blocker [15]. Haloperidol as well as benperidol and
other butyrophenones meet this definition [8, 15].
The neuroleptic efficacy of benperidol is assumed
to be superior over that of haloperidol [16]. This is in-
dicated by the different standard doses (5 mg per vial
for haloperidol and 2 mg for benperidol) and by the
recommended plasma level (5-17 ng/ml for haloperi-
dol and 2-10 ng/ml for benperidol) [17].
Consequently, having on average administered one
standard dose of each substance, respectively, to each
of our patients, we feel confident to assume that pa-
tients in the benperidol group developed half the ef-
fective plasma levels of medication than patients in
the haloperidol group (we did not measure plasma
level though). We further feel confident to assume
that our finding of half the QTc prolongation in the
benperidol group is a consequence of the assumably
lower plasma levels of benperidol. After all, QTc prolo-
gation is known to be dose dependent. Consequently
we assume that the lower plasma levels of benperidol

required for antipsychotic efficacy are advantageous
regarding the risk of adverse cardiac side effects.

So far it is not clear whether the incidence of the
occurrence of extrapyramidal motoric adverse effects
(e.g. akathisia) and the neuroleptic malignant syn-
drome vary between the two butyrophenones. Clin-
ical observations and theoretic considerations may
suggest a rather unfavourable profile of benperidol re-
garding the described adverse reactions [18]. For this
reason, the applicability of this butyrophenone may
be limited to its use in the specific setting of acute
sedation.
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