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QTc Prolongation by Psychotropic Drugs
and the Risk of Torsade de Pointes
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SUMMARY

Introduction: Many psychotropic drugs can delay cardiac
repolarization and thereby prolong the rate-corrected QT
interval (QTc). A prolonged QTc often arouses concern in
clinical practice, as it can be followed, in rare cases, by
the life-threatening polymorphic ventricular tachyarrhyth-
mia called torsade de pointes (TdP).

Method: We searched PubMed for pertinent literature on
the risk of QTc prolongation and/or TdP associated with
commonly used psychotropic drugs.

Results: Thioridazine and ziprasidone confer the highest risk
of QTc prolongation and/or TdP. There is also a clinically sig-
nificant risk associated with haloperidol given intravenously
in high doses. TdP has been reported in a few cases in
association with the use of newer antipsychotic drugs
(mainly quetiapine and amisulpride), most of the tri- and
tetracyclic antidepressants, and the selective monoamine
reuptake inhibitors citalopram, fluoxetine, paroxetine, and
venlafaxine. As a rule, however, QTc prolongation and/or TdP
occur only in the presence of multiple additional risk fac-
tors, such as age over 65 years, pre-existing cardiovascular
disease, bradycardia, female sex, hypokalemia, hypomag-
nesemia, a supratherapeutic or toxic serum concentration,
or the simultaneous administration of other drugs that delay
repolarization or interfere with drug metabolism.

Conclusion: Before prescribing a psychotropic drug, the
physician should carefully assess its risks and benefits to
avoid this type of adverse reaction, particularly when addi-
tional risk factors are present. The ECG and electrolytes
should be regularly monitored in patients taking psycho-
tropic drugs.
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M any drugs prolong ventricular repolarization,
potentially giving rise to a prolonged QT inter-
val in the electrocardiogram (ECG) and to the polymor-
phic ventricular tachyarrhythmia known as torsade de
pointes (TdP). TdP is usually self-limited and typically
manifests itself in convulsions, dizziness, and syncope.
It can, however, lead to ventricular fibrillation and
sudden cardiac death.

Drugs that prolong the QT interval bind to cardiac
potassium channels (I, , also known as HERG chan-
nels because of the associated genetic locus, the human
ether-a-go-go related gene). The resulting blockade of
potassium efflux from cardiomyocytes prolongs the
repolarization phase. In the congenital long-QT
syndrome (LQTS 2), a mutation of the Iy, gene causes
prolongation of the QT interval (1).

When class IC and class III antiarrhythmic drugs
(sotalol, flecainide, propafenone) are used, the risk of
TdP is correlated with the extent of prolongation of the
QT interval. There is no such correlation, however, for
other repolarization-prolonging drugs. Dose-dependent
QT prolongation has been described, in particular, for
classic antipsychotic drugs and tricyclic antidepres-
sants, yet these drugs do not necessarily elevate the risk
of TdP: Sertindole is a case in point (1, 2).

Calculation of the QTc

The QT interval is difficult to measure when the T wave
is of low amplitude, so that the point at which it ends is
hard to define. QT intervals should be measured man-
ually on a 12-lead ECG (usually in limb lead II), and the
mean measurement from 3 to 5 heartbeats should be
taken as the final value (3). As repolarization is faster
when the heart beats more rapidly, the QT interval should
also be corrected for the heart rate. The most commonly
used correction formula, that of Bazett (QTc = QT/RR"),
should only be used when the heart rate lies in the
relatively narrow range of 60 to 80 beats per minute. For
higher heart rates, the Fridericia correction formula is
suitable (QTc = QT/RR***). There is considerable intra-
individual variability of the QTc: multiple studies have
shown that it can vary by anywhere from 76 to 102 ms
over the course of 24 hours. In normal persons, the mean
QTc length is roughly 400 ms. The upper limit of normal
is 460 ms for women, and 450 ms for men. QTc intervals
longer than 500 ms are considered to be a major risk
factor for the development of TdP (4, 5).
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Risk factors

A patient’s risk of QTc prolongation or of TdP depends
not only on medications taken, but also in large
measure on individual factors and other environmental
influences (6, 7):

® age over 65 years;

® female sex (longer QTc interval than men and

twice the risk of drug-induced TdP);

® myocardial hypertrophy (e.g., in arterial hyperten-

sion);

® congenital QT syndrome;

® bradycardia (leads per se to QTc prolongation;

sinus bradycardia; 2"- and 3™-degree atrioven-
tricular block);

® clectrolyte disturbances (hypokalemia, hypomag-

nesemia);

® high plasma concentrations of the offending drug

because of overdose, intoxication or inhibition of
drug metabolim by concomitantly administered
drugs and/or reduced drug clearance due to renal
or hepatic insufficiency, or because of rapid
infusion of the drug.

In a study of 77 cases of drug-associated TdP, two or
more additional risk factors were present in 85%: heart
disease (77%), age over 65 (54%), female sex (69%),
and hypokalemia (30%) (8).

Methods

There have not been any systematic studies of the effect
of classic neuroleptic drugs or older antidepressants on
the QTc interval. It was only in connection with the ap-
proval of newer drugs that the drug approval agencies
began to require that such studies be performed. In this
article, we estimate the torsadogenic risk of psycho-
tropic drugs on the basis of published clinical studies,
database evaluations, and case reports. We searched
PubMed for articles containing the generic names of
various drugs and drug classes (e.g., “antipsychotic,”
“antidepressant”) along with the terms “QT,” “tor-
sade(s) de pointes,” “TdP,” “cardiotoxicity,” and
“sudden death.” In the Table, drugs are listed in order of
decreasing risk of TdP. In constructing the Table, we
gave the highest priority to the evaluations of the Uni-
versity of Arizona’s Center for Education and Research
on Therapeutics (Arizona CERT), which regularly pub-
lishes updated lists of drugs associated with varying
risks of TdP on the website www.torsades.org (9). We
gave secondary priority to the presence and number of
case reports of TdP for each drug (especially when TdP
arose at therapeutic doses), as well as to the extent of
QTc prolongation (7, 10).

As TdP is rare, its incidence cannot be accurately
estimated on the bases of controlled studies, databases
of adverse reaction reporting systems, or assessment of
published case reports. QTc prolongation and TdP
occurrences have been a focus of attention for no more
than 10 to 15 years, and many TdP cases escape clinical
detection because no ECG is recorded. Moreover, new
types of antipsychotic and antidepressant drugs came
onto the market just as the QTc interval and TdP were

beginning to attract attention; relevant findings about
these drugs are, therefore, available from their approval
studies, and much attention has been paid to their side
effects. In contrast, for many older psychotropic drugs,
all that is known about their influence on the QTc inter-
val or on the risk of TdP is derived from reports of
sudden cardiac death, without any more specific clas-
sification. For some drugs, in fact, there have been no
relevant studies or reports at all (as indicated by “N.R.”
in the Table). Such is the case for opipramol and prothi-
pendyl, two drugs that are sold only in Europe or in
Germany. It cannot be concluded from the lack of rel-
evant publications that these medications confer no risk
of QTc prolongation or of TdP. When interpreting TdP
case numbers, one must bear in mind the frequency
with which different medications are prescribed (2);
thus, the Table also contains data on the volume of drug
prescriptions in Germany in the year 2009 (11).

Classic antipsychotic drugs
Thioridazine has been found to prolong the QTc inter-
val to the greatest extent, followed by pimozide and
haloperidol (12). The risk of pathological QTc prolon-
gation rises with the dose. These three drugs are also
known to confer a higher risk of TdP than other psycho-
tropic drugs (5, 13). Thioridazine is therefore used only
as a second-line antipsychotic drug (5). The low-
potency antipsychotic drugs chlorpromazine and
levomepromazine have only been reported to prolong
the QTc interval when given in high doses (100 mg)
(6). In general, however, the risk of TdP is much lower
with antipsychotic drugs than with cardiac drugs (2).
An analysis of reported adverse effects of haloperi-
dol, compiled by Johnson & Johnson, identified 229
cases of abnormally long QTc intervals, among which
were 73 cases of TdP. Eleven (15%) of the TdP cases
were fatal, and 8 (73%) of these deaths occurred after
haloperidol had been given intravenously (12, 14, el).
In another study, TdP arose in 8 of 268 patients (3.6%)
given haloperidol intravenously for sedation in an
intensive care unit; 7 of them had received more than
35 mg of haloperidol (range: 9 to 400 mg) in a 24-hour
period, and the incidence of TdP after high intravenous
doses of haloperidol was calculated at 11% (15). In an-
other retrospective study involving 37 patients over age
65 (80% of them women) who developed pathological
QTc prolongation, TdP events, or sudden death while
being treated with psychotropic drugs, intravenously
administered haloperidol was the most commonly im-
plicated drug, having been given in 38% of cases (16).
In a cohort study of psychiatric intensive-care patients
who were given haloperidol, 4.3% of the 375 patients
given the drug by mouth had a pathological QTc inter-
val (dose: 15.9 + 12.6 mg), as did 17% of the 47
patients receiving it intravenously (dose: 16.0 + 10.5
mg) (12). In summary, it can be concluded that high in-
travenous doses of haloperidol elevate the risk of TdP.
The United States Food and Drug Administration
(FDA) recently warned of the risk of cardiac arrhyth-
mias in connection with intravenously administered
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Effects of psychotropic drugs on QTc and the occurrence of torsade de pointes (TdP)

QTc prolongation | QTc (Bazett) prolongation Reported TdP risk DDD in Ger-| References
compared to baseline in ms | cases of (Arizona many, 2009
(n); reference no. TdP CERT) (millions)

Thioridazine' +t +28 10 36.6 (n = 60); 10 +t 1 1.3 2,4-6,10, 12-14, 23, 24, €6
Haloperidol' + +3.8108.9 +t 1 184 2,4-6, 8,10, 12-15, 19, 23, 24,
(n=147; 4-15mg); 4 el,eb

Pimozide' + +191t0 24 (n=97); 10 + 1 1.0 2,5,6,10,19, 23, 24, €29

Perphenazine’ + -5510-16.6 (-35.7;n=4);7 | + 05 5,7

Fluphenazine' + + 8.2 5-7,24,25

Flupentixole' + NR. 96 5,6,25

Benperidol' 1%} A7A(n=1)7 N.R. 9.0 7,12

Bromperidol’ + -15.6t019.2 (+1.8;n=5); 7 N.R. 9.0 7,12

Zuclopenthixole’ 1%} -255t01.1(-122;n=9);7 N.R. 53 57

Perazine' NR. NR. 15.2

Fluspirilene N.R. N.R. 3.2

Chlorpromazine’ ++ + 1 N.R. 6, 12, 13, 23-25, €30, €31

Melperone' +Ht +30 (n = 23); 32 + 12.2 5,24,e32

Levomepromazine' | ++ -18t011.8 (-31;n=6); 7 N.R. 3.8 5,7,12,e33

Promethazine’ + + 324 e34

Pipamperone’ + -10.810 9.6 (-0.6; n=15); 7 + 9.3 2,7,e35

Prothipendyl’ [} NR. 33 5

Chlorprothixene' [} NR. 6.6 5
Neweramtpsychoticdngs

Ziprasidone' +t +9.7 (n = 3095); 13 +Ht 2 53 2,3,13,19,23

Sertindole' +t +1110 30 (n=510); 10 + 2 N.R. 2,10, 13, 14,18, 23,24

Quetiapine’ ++t 210 +19.7 (n = 312); 10 ++ 2 33.3 2,5,10, 19, 23, 24, €36, €37

Risperidone’ ++ +2to 11.6 (n = 185); 10 + 2 29.0 2,5,6,10, 14, 17,19, 24, 3, €38

Clozapine +t +10 (n=13); 10 + 2 13.3 2,5,6,10, 13, 23, 24, €6, e7

Paliperidone’ ER 14} +1.7t0 3.7 (n = 1300); e4 N.R. 2 3.2 ed

Sulpiride’ ++ + 41 5,13,24,¢e12,e13

Amisulpride’ + -5.9(n=12); 13 ++ 7.0 2,5,13,23, 24, €9, €39

Zotepine' + +8.3 (n=537); 13 N.R. 0.8 5,13, 23, e40

Olanzapine' + -4.510 +8.4 (n = 1342); 10 N.R. 32.7 2,5,10,13, 14,23, 24,¢e10

Aripiprazole 14} -4t0-3.5 (n = 828); 10 N.R. 8.0 2,10, 14, e11

Amitriptyline’ +t +1t021 (n=117); 10 ++ 3 945 7,10, 18, 23, 24, €21, €23
Doxepine +t +8t0 22 (n =20); 10 ++ 3 54.2 7,10, 18, 23, 24, e24
Imipramine’ +Ht +41020 (n=76); 10 + 3 2.6 7,10, 23, 24, €25
Clomipramine’ ++ -1.61014.7 (+6,6;n=19);7 | ++ 3 8.1 7,10, 18, 23, 24
Desipramine’ +Ht +11t024 (n=74); 10 + 3 N.R. 10, 18, 23, 24
Nortriptyline' +t +7t0 30 (n = 129); 10 N.R. 3 25 7,10, 23

Trimipramine’ 4] N.R. 3 316 ed1

Maprotiline +Ht +17 (n = 95); 10 + 3.8 7,10, 18, 23, 24, €22, €42
Mirtazapine + +3.1(n=338); 9,10 + 123.1 7,10, 19
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DDD in Ger-
many, 2009

TdP risk References

(Arizona

QTc prolongation

QTc (Bazett) prolongation
compared to baseline in ms

Reported
cases of

(n); reference no. TdP CERT) (millions)

Trazodone' + -4t0+7 (n=52); 10 10, 23, 24, e15, e16

Mianserine -10.3t06.9 (-1,7;n=20); 7 + N.R. 7,23

Opipramol 14} N.R. 74.0 e43

Venlafaxine' + +4.7 (n = 357); 10 + 2 75.1 7,10, 14, 24, ed4, e45

Citalopram’ + -10to 0 (n >900); 10 ++ 3 2417 7,8,10, 14,19, 20, €18-20

Fluoxetine ++ 0to 10 (n = 370); 10 ++ 3 433 8,10, 19, 20, 23, 24

Paroxetine 14} -3.1t04.2(+0.6;n=111); 7 ++ 3 42.3 7,10, 19, 20, 24

Sertraline 0 (n=2500); 10 N.R. 3 55.1 7,10

Escitalopram’ + NR. 17,20

Fluvoxamine 14} 0to2(n=99); 10 N.R. N.R. 7,10

Reboxetine 14} N.R. 6.8 e46

Duloxetine 14} N.R. 34.7 e47-50

Lithium' +t 0.7t019.4 (+10.1;n=18);7 | NR. 2 20.3 6,7,12,14, 24, e16

Bupropion -6.4t0-0.3 (n=80); 10 + 6.5 7,10,23,24

Buspirone N.R. N.R. 1.0

Hypericum -5(n=84); 10 N.R. 217 10

Moclobemide 14} 03(n=3);7 N.R. N.R. 7

Tranylcypromine 14} +4 (n=10); 10 N.R. 2.7 7,10, 24
Sedatvesandotherpsychotopicdrugs

Methadone' ++t 17 £ 5 (n=55); 22 +t 1 28 22,24, €26-28, €51

Levomethadone' ++t 27 +4.5(n=55);22 + 1 5.4 22,24, €51

Chloral hydrate1 + + 2 1.8 23,24, 652

Methylphenidate 14} N.R. 3 55.3 €53, ed4

Atomoxetine' @ N.R. 3 26 €55, €56

Tiapride' + + 5.0 2,23,24

Carbamazepine 14} N.R. 53.9 6, 12, e57-e59

Valproate 14} N.R. 53.1 12,24, €60

Lamotrigine 14} N.R. 20.2 €59, e61

Biperidene 14} N.R. 9.9 12

Diazepam 14} N.R. 31.0 12

1

) The summary of product characteristics (SPC) warns of QTc prolongation/TdP, esp. with overdose in combination with other QTc-prolonging drugs or in case of hypokalemia.

Selective serotonin-reuptake in hibitors( SSRI), selective norepinephrine-reuptake inhibitors (SNRI), selective serotonin/norepionephrine-reuptake inhibitors (SSNRI).

QTc prolongation::

@, none at therapeutic concentrations;

+, mild (>5 and <9 ms) or only in case of overdose or intoxication;
++,  moderate (29 and <16 ms);

+++, severe (217 ms);

ER, extended-release formulation;

n,  number of study participants.

Reported cases of TdP:

N.R., not reported;

+,  rare cases in combination with other drugs that elevate the risk of TdP, or in the setting of overdose or intoxication;
++,  rare cases under monotherapy and/or at therapeutic concentrations;

+++, multiple case reports or studies.

TdP risk according to the Arizona CERT (9):

1,  generally accepted elevated risk of TdP;

2,  rare case reports of TdP, possible but not adequately documented TdP risk;

3,  weak association with TdP, unlikely at therapeutic doses, elevated TdP risk in the presence of congenital QT syndrome.

DDD, number of defined daily doses in Germany (11).
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haloperidol (el). Moreover, the summary of product
characteristics (SPC) of haloperidol solution for injec-
tion has been changed to include a notice that it should
only be given intramuscularly, not intravenously. In
cases where (off-label) intravenous administration is
judged to be clinically necessary, this should be done
only under continuous ECG monitoring for the detec-
tion of QT prolongation and severe cardiac arrhythmias

(€2).

Newer antipsychotic drugs

Among the newer antipsychotic drugs, sertindole and
ziprasidone prolong the QTc to the most marked extent.
The frequency of QTc intervals of 500 ms or longer is
3.1% to 7.8% with sertindole and 0.06% with ziprasi-
done (13). Moderate QTc prolongation is sometimes
seen under treatment with risperidone even at thera-
peutic doses, mainly in older patients. Slow CYP2D6
metabolizers and patients concomitantly taking other
drugs that inhibit CYP2D6, such as fluoxetine, parox-
etine, bupropion, and duloxetine, are at particularly
elevated risk (e3). Clinical studies of paliperidone
revealed moderate QTc prolongation, which was much
less severe when the extended release preparation was
used (e4). In clinical approval studies, quetiapine was
found to be associated with only mild prolongation of
the QTc interval, and clozapine with none at all (e5, €6).
In a retrospective study, 2 of 61 patients treated with
clozapine had QTc intervals of 500 ms or longer (e7). It
should be borne in mind, however, that clozapine can
cause myocarditis and thus sensitize patients to the QTc-
prolonging effect of other drugs (e8).

A retrospective study of cases of amisulpride intoxi-
cation revealed a very high rate of pathological QTc
prolongation (73% of 83 patients, doses ranging from 4
to 80 mg) and a 7% rate of TdP events (13, €9). Olanza-
pine and zotepine were also found to prolong the QTc
interval to a pathological extent only when given in
excessive doses (13, e10). Aripiprazole has not yet been
reported to have caused even a single case of QTc
prolongation (el1).

A prospective study involving female patients with
schizophrenia revealed that the combination of an anti-
psychotic drug (haloperidol, clozapine, risperidone, or
olanzapine) with other antipsychotic drugs or antide-
pressants (SSRI, mirtazapine, venlafaxine, or clomipra-
mine) prolonged the QTc interval by 24 + 21 ms, while
monotherapy with an antipsychotic drug did not
prolong it at all (change, — 1 =30 ms) (17).

An analysis of 1665 spontaneous reports of TdP
cases to the FDA’s Adverse Event Reporting System
(AERS) (2004-2007) revealed that the antipsychotic
drugs most commonly associated with TdP were
ziprasidone (28 cases), haloperidol (18), risperidone
(19), and quetiapine (14). This analysis unfortunately
took no account of concomitantly taken medications, or
of drugs for which fewer than 10 cases of TdP were re-
ported (19). Nonetheless, one can conclude from these
figures that ziprasidone, which is much less commonly
prescribed than the other three drugs mentioned, is
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clearly associated with a higher risk of TdP than any of
them.

There have been only two reported cases of TdP
under treatment with clozapine; in both, clozapine was
given in combination with another drug that can pro-
long the QTc (pimozide in one case, clonazepam in the
other) (2, e6). With regard to sulpiride, one case of TdP
has been reported at a therapeutic dose (e12) and one
with an intoxication (e13); two TdP cases have been re-
ported in association with sertindole intoxication (13).
TdP has not been reported to date in association with
olanzapine, aripiprazole, or zotepine (14). It thus seems
that olanzapine, a commonly prescribed antipsychotic
drug, is unlikely to cause TdP. It should not be
forgotten, however, that QTc prolongation is more
common, and the risk of TdP is higher, when antipsy-
chotic drugs and other psychotropic drugs are given in
combination (e14).

Antidepressants

While imipramine, amitriptyline, nortriptyline, desipra-
mine, maprotiline, and doxepine can markedly prolong
the QTc, clinical studies have revealed no more than
mild QTc prolongation with the use of clomipramine,
mirtazapine, and trazodone (10, 14), and mainly in
overdoses in the case of trazodone (el5, ¢16). In the
approval studies for the selective monoamine reuptake
inhibitors (SSRIs, venlafaxine, duloxetine, reboxetine),
therapeutic doses of these drugs were not found to have
any effect on the QTc interval. Nonetheless, case
reports published after drug approval and analysis of
toxicological databases have revealed that QTc prolon-
gation can arise under treatment with fluoxetine, citalo-
pram, or venlafaxine at toxic doses, or when multiple
additional risk factors are present (10, 14, 20). Lithium
in concentrations above 1.2 mmol/L can markedly
prolong the QTc interval (el7).

Among the cases of TdP that were spontaneously re-
ported to the AERS of the FDA from 2004 to 2007, the
most commonly implicated antidepressants were cital-
opram (12 cases), fluoxetine (12), paroxetine (11), and
mirtazapine (10); these, however, were also the most
commonly prescribed antidepressants during the same
period (19). Among the 88 cases of TdP reported from
1991 to 2006 to the Swedish Drug Information System
(SWEDIS), a spontaneous registry system, there were,
surprisingly, 9 cases (10%) under therapeutic doses of
citalopram (sold in Sweden from 1998 onward); in 5 of
these cases, citalopram was the only drug that could
have been responsible for TdP (8). Further invididual
case reports of TdP under treatment with citalopram
(21, e18—¢20), fluoxetine, paroxetine (20), and TCAs
(18, e21-e25) have been published, but always in the
setting of additional risk factors, intoxication, or com-
bination with other drugs known to raise the risk of
TdP. Even though the number of published case reports
admittedly cannot yield an adequate estimate of the risk
of TdP, and even though there is a bias towards newer
agents such as citalopram in the reporting of adverse
reactions, one can at least conclude that treatment with

MEDICINE




MEDICINE

SSRIs, particularly citalopram, fluoxetine, and parox-
etine, can cause TdP when additional risk factors are
present, or when these drugs are given at excessive
doses.

Other psychotropic drugs

Methadone can prolong the QTc in dose-dependent
manner, sometimes as markedly as sotalol does, par-
ticularly when protein binding of the drug is low, as in
malnourished cancer patients and narcotic addicts (e26,
e27). A randomized, double-blind trial involving 154
opioid-dependent patients whose QTc intervals were
initially normal revealed that the QTc can be pathologi-
cally prolonged even when methadone is given as its
R-enantiomer (levomethadone), as is now most com-
monly done in Germany: 28% of the patients receiving
levomethadone and 23% of those receiving methadone
developed QTc intervals longer than 470 ms (22).
Methadone was among the drugs most commonly
associated with TdP events reported to the AERS,
accounting for 83 cases (19). An analysis of 40 cases of
TdP in patients receiving methadone substitution re-
vealed that additional risk factors were present in most
cases, including high doses of methadone, concomitant
medication interfering with methadone metabolism or
elevating the risk of TdP, HIV infection, hypokalemia,
hepatic cirrhosis, renal failure, and heart disease (¢28).

Treatment recommendations

Clearly, in clinical practice, the use of psychotropic
drugs that affect myocardial repolarization cannot be
entirely avoided. Nonetheless, every attempt should
be made to avoid the combined use of multiple drugs
that can prolong the QTc interval and elevate the risk
of TdP. Furthermore, the individual risk in each
patient should be carefully considered, and any addi-

® Many antipsychotic and antidepressant drugs are known to prolong the QTc inter-
val in a dose-dependent manner. Nonetheless, because torsade de pointes
(TdP) is a rare tachyarrhythmia, there are only rare case reports of TdP in associ-
ation with most psychotropic drugs, and the risk of TdP therefore cannot be
precisely estimated.

® Haloperidol markedly elevates the risk of TdP, mainly when high doses (>35
mg/d) are given intravenously; in one study, the observed probability of TdP
under these circumstances was 11%.

® Multiple psychoactive drugs that prolong the QTc only mildly or not at all when
used individually can prolong it to a pathological extent and cause TdP when
given in combination.

® Most published cases of TdP associated with psychotropic drugs involved
additional risk factors such as heart disease, age over 65 years, female sex,
and/or hypokalemia.

® When psychotropic drugs that elevate the risk of TdP are prescribed, regular
monitoring of the ECG and the serum electrolytes is recommended, particu-
larly for patients at high risk. The serum potassium concentration should lie in
the high normal range.

tional risk factors should be minimized. The following
precautions are recommended (2, 5):

® ECG recording before treatment is begun and
under steady-state conditions afterward,

® slow dose escalation and adaptation of the dose in
case of altered elimination or concurrent medi-
cation sharing the same metabolic pathway,

® regular ECG monitoring of patients at high risk
and those taking additional medications that can
prolong the QTc interval,

® monitoring of the serum potassium concentration
(which should be kept in the high normal range in
patients at high risk),

® careful attention to potential electrolyte loss
caused by diarrhea, vomiting, profuse sweating,
undernourishment, diuretic therapy, alcohol and/
or drug use, and eating disorders,

® administration of magnesium sulfate (orally or
intravenously) if the QTc interval is markedly
prolonged,

® discontinuation of medication if the QTc is longer
than 500 ms, the potassium concentration is
normal, and the QRS is of normal duration, even
if the patient has no symptoms, and

® consideration of cardiac arrhythmia as a possible
cause of every newly presenting case of palpi-
tations, dizziness, syncope, or convulsions.
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