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Objective.—To test the hypothesis that female prevalence is greater than
‘ expected among reported cases of torsades de pointes associated with cardiovas-
| cular drugs that prolong cardiac repolarization.
~ Data Sources.—A MEDLINE search of the English-language literature for the
~ period of 1980 through 1992, using the terms forsade de pointes, polymorphic ven-
tricular tachycardia, atypical ventricular tachycardia, proarrhythmia, and drug-
 induced ventricular tachycardia, supplemented by pertinent references (dating back

to 1964) from the reviewed articles and by personal communications with
| researchers involved in this field.

Study Selection.—Ninety-three articles were identified describing at least one
~case of polymorphic ventricular tachycardia (with gender specified) associated with
- quinidine, procainamide hydrochloride, disopyramide, amiodarone, sotalol hydro-
 chloride, bepridil hydrochloride, or prenylamine. A total of 332 patients were
“included in the analysis following application of prospectively defined criteria (eg,
corrected QT [QT,] interval of 0.45 second or greater while receiving drug).

. Data Extraction.—Clinical and electrocardiographic descriptors were extracted
for analysis. Expected female prevalence for torsades de pointes associated with
quinidine, procainamide, disopyramide, and amiodarone was conservatively esti-
- mated from gender-specific data reported for antiarrhythmic drug prescriptions in
1986, as derived from the National Disease and Therapeutic Index, a large phar-
maceutical database; expected female prevalence for torsades de pointes associ-
ated with sotalol, bepridil, and prenylamine was assumed to be 50% or less since
these agents are prescribed for male-predominant cardiovascular conditions.

Results.—Women made up 70% (95% confidence interval, 64% to 75%) of the
332 reported cases of cardiovascular-drug-related torsades de pointes, and a fe-
male prevalence exceeding 50% was observed in 20 (83%) of 24 studies having
at least four included cases. When analyzed according to various descriptors,
women still constituted the majority (range, 51% to 94% of torsades de pointes
 cases), irrespective of the presence or absence of underlying coronary artery or
rheumatic heart disease, left ventricular dysfunction, type of underlying arrhythmia,
hypokalemia, hypomagnesemia, bradycardia, concomitant digoxin treatment, or
level of QT, at baseline or while receiving drug. When cases of torsades de pointes
were analyzed by individual drug, observed female prevalence was always greater
than expected, representing a statistically significant difference (P<.05) for all
agents except procainamide.

Conclusions.—These findings strongly suggest that women are more prone
‘than men to develop torsades de pointes during administration of cardiovascular
drugs that prolong cardiac repolarization. The pathophysiological basis for, and
‘therapeutic implications of, this gender disparity should be further investigated.
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TORSADES de pointes is defined as
polymorphic ventricular tachycardia oc-
curring in the setting of a lengthened
QT interval, reflecting prolonged car-
diac repolarization."® This arrhythmia
may cause syncope or even precipitate
ventricular fibrillation and cardiac ar-
rest.**" Although some individuals may
be prone to torsades de pointes on the
basis of a congenital abnormality of car-
diac repolarization,®® the arrhythmia is
more commonly seen as an acquired dis-
order in the setting of electrolyte ab-
normalities (particularly hypokalemia)
or following administration of drugs that
can prolong the QT interval 2610
While many agents have been impli-
cated, certain cardiovascular medica-
tions—class IA and class ITI antiarrhyth-
mic agents and some antianginal drugs—
constitute the most extensively docu-
mented group of offenders. For quinidine
alone it has been estimated that torsades
de pointes may occur in 1.6% of patients
treated with this class IA agent over a
1-year period"; in earlier reports of pa-
tients receiving quinidine for atrial fi-
brillation, 2.9% to 8.5% developed known
or presumed torsades de pointes'*'® and
0.5% to 5.9% died suddenly.!41617
Torsades de pointes appears to be
mechanistically distinct from other types
of ventricular proarrhythmia.'® Whereas
non-torsades de pointes proarrhythmia
is more likely to occur in patients with
prior myocardial scarring and depressed
left ventricular function,'*? clinical fac-
tors other than coexistent electrolyte
disturbances that may promote the oc-
currence of torsades de pointes during
drug administration are not well defined.
Some clinical reports*# and anecdotal
observations® have suggested that
women may be more prone to develop
drug-related torsades de pointes, but
this impression has never been critically
assessed. In the present investigation,
female prevalence among patients who
developed torsades de pointes during
treatment with cardiovascular drugs
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that prolong repolarization was evalu-
ated in 832 cases systematically identi-
fied from the literature.

M S
re Search

We conducted a comprehensive search
of the medical literature (in English) for
the period from 1980 (the year of a com-
prehensive review by Smith and Gal-
lagher®) through 1992, using MEDLINE,
gearching titles and abstracts for the
following terms: torsade de pointes, poly-
morphic ventricular tachycardia, atypi-
cal icular tachycardia, proarrhyth-
mia, and drug-induced ventriculor ta-
chycardia. An additional search was
made combining known offending drugs
used in the treatment of cardiovascular
diseases, ie, quinidine, procainamide hy-
drochloride, disopyramide, sotalol hy-
drochloride, amiodarone, prenylamine,
and bepridil hydrochloride, with the term
toxicity. Bibliographies from these ar-
ticles were studied to uncover further
reports dating back to 1964, the year of
the classic article by Selzer and Wray*
on the mechanism of “quinidine syn-
cope.” Personal communication with in-
vestigators in the field yielded additional
i:g:vg%:’ion on three published ar-
ticles,2?%® and another submitted for
publication (L. Brent Mitchell, MD, writ-
ten communication, October 1992) that
came to our attention from a recent pre-

llmlm*‘-y report.®
Selection and Data Extraction

The articles identified by literature
search were reviewed using prospec-
tively defined inclusion and exclusion
criteria. An article was included if it (1)
was published (or referred to and de-
scribed in detail) in the English-language
literature; or (2) described at least one
case of polymorphic ventricular tachy-
cardia, with specification of patient gen-
der, occurring in association with thera-
peutic administration of one of the fol-
lowing drugs: quinidine, procainamide,
disopyramide, amiodarone, sotalol, be-
pridil, ior prenylamine. Within a given
article, individual patients were excluded
if one or more of the following criteria
applied: (1) they had not been taking
one of the aforementioned drugs; (2) their
gender was not specified; (3) they did
not have polymorphic ventricular tachy-
(4) they had polymorphic ven-
tachycardia without manifest QT
ion (as defined below); (5) they
were reported to have congenital long-
QT syndrome; or (6) they represented
duplicate reports of patients already in-
cluded in other series.

When available, the following data
were extracted for each patient: age,
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gender, drug(s) administered, type of
underlying arrhythmia, absolute QT and
rate-corrected QT (QT.) intervals at
baseline and while receiving drug(s), and
presence or absence of hypokalemia, hy-
pomagnesemia, or bradycardia prior to
the onset of torsades de pointes, con-
comitant digoxin therapy, rheumatic
heart disease, hypertension, coronary
artery disease, or left ventricular fail-
ure. In studies in which individual pa-
tient data were unavailable,'#'40% gg.
gregate data (eg, mean age, total num-
ber of men and women, and type of
drug[s] administered) were used and de-
cisions regarding patient exclusions were
always made in favor of the null hy-
pothesis (ie, deliberately biased to re-
duce female prevalence of torsades de
pointes.)

Definitions

The following prospectively developed
definitions were used:

Torsades de Pointes.—Polymorphic
ventricular tachycardia in the setting of
a prolonged QT interval$®; this defi-
nition is in accord with the generally
accepted impression that polymorphic
ventricular tachycardia without QT pro-
longation is a mechanistically and elec-
tropharmacologically distinct entity.*34

QT Prolongation.—A QT. interval
(measured by Bazzett’s formula, QT/
VRR) of 0.45 second or greater; this con-
ventional definition* is a liberal one in
that it permits the inclusion of individu-
als with borderline QT prolongation.®
All QT and QT values were specified in
increments of 0.01 second. In the mi-
nority of cases in which QT, was either
not provided or not calculable based on
specified QT and heart rate, we arbi-
trarily required the absolute QT inter-
val while receiving drug to be 0.50 sec-
ond or greater for a patient to be in-
cluded. Although some authors have
used an absolute QT criterion as high as
0.60 second,'! such a value could exclude
many cases of drug-related torsades de
pointes.? Our working cutoff value of
0.50 second or greater for absolute QT
was intended to minimize the number of
such exclusions while also minimizing
the inclusion of cases of polymorphic ven-
tricular tachycardia without QT prolon-
gation,*% which may have been mis-
taken for drug-induced torsades de
pointes. When neither QT nor absolute
QT while receiving drug was specified
in the article, the QT interval measured
from the published electrocardiographic
tracing was used, if available.

Baseline QT.—The QT, value (speci-
fied or calculated) prior to institution of
drug or, if not available, the lowest value
specified after discontinuation of the
drug.

QT While Receiving Drug.—The QT,
value (specified or calculated) immedi-
ately prior to the onset or after the ter-
mination of torsades de pointes.

Bradycardia.—Heart rate less than
60 beats per minute.

Hypokalemia.—Serum potassium
level less than 3.5 mmol/L.

Hypomagnesemia.—Serum magne-
(siium level less than 0.82 mmol/L (2 mg/

L).

Left Ventricular Dysfunction.—
Ejection fraction of 46% or less, or speci-
fication in the article of congestive heart
failure.

Statistical Analysis

To evaluate female prevalence among
published cases of drug-related torsades
de pointes, we compared the proportion
of women with torsades de pointes ob-
served with that which was expected. We
estimated this expected proportion, in
part, from a Food and Drug Administra-
tion report by Hine et al* concerning out-
patient antiarrhythmic drug use over the
last two decades, as derived from the phar-
maceutical databases produced by IMS
America, Plymouth Meeting, Pa. Hine et
al* reported that of the approximately 6.0
million, 8.8 million, and 11.5 million anti-
arrhythmic-agent prescriptions dispensed
in the United States in the years 1977,
1981, and 1986, respectively, the corre-
sponding proportion of women among
drug recipients was 38%, 42%, and 44%,
respectively. Hence, we conservatively es-
timated that the expected overall preva-
lence of women among cases of anti-
arrhythmic-drug-related torsades de
pointes was 44%. Whereas total drug pre-
scription data reported by Hine et al®
were derived from the National Prescrip-
tion Audit, demographic information, in-
cluding gender distribution, could be ob-
tained only through the National Disease
and Therapeutic Index.®* Accordingly,
for four individual drugs—quinidine,
procainamide, disopyramide, and amio-
darone—expected female prevalence was
derived from summary data on 4.7 million
drug appearances (entries) for antiar-
rhythmic agents in the National Disease
and Therapeutic Index for 1986, provided
by IMS America (Richard A. Fehring,
written communication, January 1992).
For the three drugs bepridil, prenylamine,
and sotalol, no data were available for
estimating expected female prevalence.
In these cases we arbitrarily used an ex-
pected female prevalence of 50%. This is
clearly a conservative estimate favoring
the null hypothesis, as these drugs are
used to treat coronary artery disease (be-
pridil and prenylamine), hypertension
(sotalol), or sustained ventricular tachy-
arrhythmias (sotalol), all male-predomi-
nant conditions.*4!
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The observed proportion of torsades
de pointes cases involving women for each
drug and for various clinical subcatego-
ries was calculated together with exact
two-tailed 95% confidence limits.®? Re-
garding specific drugs, if the expected
proportion of women fell below the lower
95% confidence limit, we concluded that
women were significantly overrepre-
sented.

Comparisons between two groups
were made using the unpaired Student’s
t test or the Wilcoxon two-sample test,
as appropriate. The effects of gender
and QT, at baseline on QT, while re-
ceiving drug and AQT, (change in QT,
while receiving drug) were assessed us-
ing two-way analysis of variance
(ANOVA), followed by appropriate post
hoc contrasts. All hypothesis tests were
two-tailed and considered statistically
significant if P values were less than .05.

RESULTS
Article Selection

Ninety-three articles* met the inclu-
sion criteria. One relevant French ar-
ticle,% cited in detail by an English-lan-
guage publication,'? was included. An-
other study,'® also in French, was used
to provide data to supplement a more
extended English article by the same
authors.” Patients described in these ar-
ticles were then subjected to the exclu-
sion criteria. Ten articles were totally
excluded from the analysis because all
patients in these articles met exclusion
criteria.?"%2! Of the remaining 83 ar-
ticles, 24 each yielded four or more pa-
tients who met the inclusion criteria and
were analyzed as distinct studies.t The
other 59 articles"3258-112 gach contained
one to three cases that met the inclusion
criteria, which yielded a total of 77 pa-
tients; for simplicity of presentation,
these patients were grouped together
as one “study” and labeled “Case
reports” (Table 1).

Description of Excluded Patients

Of the 644 patients reported among
the 93 articles, 312 were omitted after
application of the prospectively defined
exclusion criteria: 56 were not receiving
the appropriate drugs; information about
gender was unavailable for 53 patients;
46 were not known to have polymorphic
ventricular tachycardia; 121 did not have
QT prolongation or information on QT
interval was lacking; five had congenital
long-QT syndrome; and 31 represented

*References 2,3, 7, 11, 21, 22, 26-30-32, 35, 43-121,
and an unpublished study (L. Brent Mitchell, MD, writ-
ten communication, October 1992).

tReferences 11,21, 22, 27, 28, 30, 31, 35, 43-57, and
an unpublished study (L. Brent Mitchell, MD, written
communication, October 1992).
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duplicate reports of patients already in-
cluded in other series, Thus, we present
an analysis of 25 studies reporting a to-
tal of 332 cases of cardiovascular-drug—
related torsades de pointes.

Characteristics of the
Included Studies

The number of patients in the 25 stud-
ies included in our analysis ranged from
four to 77 (Table 1). Four studies!!21303!
yielded aggregate data only (45 patients);
the remaining 21 studies provided indi-
vidual data on 287 patients. Eight of the
25 studies consisted of patients exposed
to a single agent, 212384454858 T formg-
tion on both gender and drug was avail-
able for 314 (95%) individual patients,
and of these, 19 (6%) were receiving two
of the implicated drugs. Information on
both gender and age was available for
282 (85%) individual patients; median
age was 66 years for men and 65 years
for women (range for all patients, 16 to
90 years).

Overall Female Prevalence

Women made up 70% (95% confidence
interval, 64% to 75%) of all cases of car-
diovascular-drug-related torsades de
pointes included in our analysis. A high
prevalence of women (68%; 95% confi-
dence interval, 58% to 67%) was also
found among all 453 cases with known
gender and polymorphic ventricular
tachycardia associated with cardiovas-
cular drugs, prior to the application of
the prospectively determined QT exclu-
sion criteria. Moreover, of the cases of
torsades de pointes that met the inclu-
sion criteria, a female prevalence ex-
ceeding 50% was observed in 21 (84%) of
the studies (Table 1).

Female Prevalence in Various
Clinical Subcategories

To assess whether any clinical param-
eters might account for the greater-than-
expected female prevalence, we analyzed
the proportion of women in various clini-
cal subcategories (Table 2). A high fe-
male prevalence (range, 58% to 94%)
was observed irrespective of the pres-
ence or absence of hypokalemia, hypo-
magnesemia, concomitant digoxin treat-
ment, hypertension, bradycardia, left
ventricular dysfunction, underlying coro-
nary artery or rheumatic heart disease,
or type of underlying arrhythmia.

Female Prevalence
for Different Drugs

When female prevalence among cases
of torsades de pointes for each cardio-
vascular drug was compared with each
expected prevalence, every agent was
associated with more female cases of
torsades de pointes than expected (Table

8). These differences were statistically
significant for all drugs except procaina-
mide. :

In the 173 patients (52%) for who:
dosage data were available, doses of ad-
ministered drugs fell within common
clinical ranges. There were no statisti-
cally significant differences in doses be-
tween women and men, although in most
cases women were taking lower doses of
drug. Only limited data on drug blood
levels were available. The most infor-
mation available for a single drug was
derived from 47 patients taking quini-
dine; no statistically significant differ-
ences in blood levels of quinidine were
found between 24 women vs 23 men re-
ceiving the drug (4.1+2.2 pg/mL vs
5.4+4.3 pg/mL, respectively).

Relation to QT Interval

The QT. at baseline ranged from 0.30
second to 0.65 second (n=164); the QT,
while receiving drug, from 0.45 second
to 0.88 second (n=283); and the absolute
QT while receiving drug, from 0.84 sec-
ond to 0.84 second (n=237). There was
no significant difference between women
and men with respect to the attained
mean QT, while receiving drug (Table
4), yet a greater prevalence of women
among torsades de pointes cases was
observed for each level of QT, or abso-
lute QT prolongation while receiving
drug: mild (0.50 second or less); moder-
ate (0.51 to 0.60 second); and severe
(greater than 0.60 second) (Table 2).
There were no statistically significant
gender differences in mean baseline QT,
(.43+.05 second in women vs .45:+.05
second in men). However, for each of
three ranges of baseline QT.—normal
(0.41 second or less), equivocal (0.42 to
0.46 second) and prolonged (0.47 second
or greater), as established by Keating
et al'—female predominance among
torsades de pointes cases was evident
(Tables 2 and 4).

Table 4 contains information on the
154 patients for whom QT, data were
available both at baseline and while re-
ceiving drug. For each of the three
ranges of baseline QT,, there was no
difference in QT, attained while receiv-
ing drug between men and women, nor
was there a difference in mean change
in QT. (AQT.). Regardless of gender,
however, the mean change in QT, was
significantly greater for individuals with
baseline QT, of 0.41 second or less or
0.42 to 0.46 second vs those with a base-
line QT. of 0.47 second or greater

" (P<.005).

COMMENT

Although some investigators have
commented on an apparent increased
female prevalence among patients with
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T.uL 1.~Articles Reporting Cases of Cardiovascular Drug-Related Torsades de Pointes

1 No. of Patients
Form of Data Included in Median Age, y Female
Author Year Specification*  Final Analysis (Range) Drug(s) Implicated and No. of Patientst Prevalence, %
DiSegni et al*® 1980 Individual 8 42(30-82)  Q=5, Pr=1, Q+Pr=1, PA+Pr=1 87
Grenadier et al* 1980 Individual 8 73(62-84)  Pr=8 75
Strasberg et al* 1981 Individual 4 64 (54-67) PA=4 25
Khan et al* 1981 Individual 6 66 (46-75) A=, Pr=3, Q=2 83
Keren et al® 1981 Aggregate 9 NA% D=3, Q=4, A+D=2 89
Denes et al*” 1981 Individual 5 61 (51-65) Q=4, Q+PA=1 60
Sclarovsky et al* 1983 Individual 5 69(33-72) A5 60
Abinader et al®*' 1983 Aggregate 7 71§ Pr=7 7
Kay et al*® 1983 Individual 29 61 (28-79) A=1, D=2, PA=4, Q=19, A+PA=1, PA+D=1, PA+Q=1 48
Leclercq et al® 1983 Individual 15 77 (61-90) B=14, B+Q=1 87
Lewis et al*' 1983 Individual 4 56 (56-75) PA=1, Q=3 100
McKibbin et als? 1984 Individual 12 65(31-75)  S=10, S+D=2 92
Manouvrier et al® 1986 Individual 9 72 (65-82) B=9 89
Roden et al' 1986 Aggregate 20 NA Q=20 55
Brown et al®* 1986 Individual 5 69 (33-72) A=3, A+D=2 , 100
Nguyen et al® 1986 Individual 19 67 (50-82)  A=3, D=1, PA=5, Q=9, S=1 58
Tzivoni et al® 1988 Aggregate 9 NA A=1, PA=3, Q=3, Q+A=1, PA+A=1 78
Mattioni et al% 1989 Individual 10 66 (38-75) D=1, PA=4, Q=3, S=2 60
Jorens et al* 1989 Individual 12 56 (49-85)  A=10, A+Pr=1, A+PA=1 67
Kadish et al*’ 1990 Individual 8 60 (21-84) D=1, PA=3, Q=4 50
Ohe et al?| 1990 Individual 15 55 (16-83) D=6, PA=4, Q=3, D+PA=1, PA+Q=1 80
Mitchelly 1990 Individual 11 71 (43-78) D=2, PA=2, Q=7 55
Kasanuki et al?# 1992 Individual 21 67 (39-83) D=21 86
Singh?e** 1992 Individual 4 55 (55-70) B=4 25
Case reportstt 1964-1992 Individual 77 65(21-84)  A=5, D=15, Q=29, Pr=4, PA=12, S=8, Q+D=3, Q+A=1 70

indicates not available.
an value; age range not available.

p
1992

induced torsades de pointes,?-% this
potential association has never been sys-
tematically evaluated. The absence of
such an analysis heretofore may explain
why the possible contributory role of
female gender was not mentioned in re-
cent reviews of drug-induced arrhyth-
mias and torsades de pointes. 361

of Female Gender
inance

most striking aspect of our quan-
titative study of the literature is the
consistency of female preponderance evi-
dent throughout various phases of our
analysis and among multiple different
cllniqﬁl subgroupings of the reported
cases of torsades de pointes. Thus, a
greater female prevalence was observed
among all cases of cardiovascular-drug-
re polymorphic ventricular tachy-

both before and after application
of the QT exclusion criteria. The fact
that female gender predominance was
also noted in 84% of the studies ana-
1 (Table 1) attests to the consis-
tency of the observation over time. Fur-
thermore, a preponderance of female
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term Indiividual pertains to studies in which information is provided for each patient, whereas th
icates amiodarone; B, bepridil hydrochloride; D, disopyramide; PA, procainamide hydrochi

itional data obtained by written communication with Tohru Ohe, MD, December 1992.
n communication with L. Brent Mitchell, MD, October 1992,
# | data obtained by written communication with Hiroshi Kasanuki, MD, December 1992.
**Additional data obtained by written communication from the drug manufacturer (Laura M. Litzenberger, PharmD, McNeil Pharmaceutical, Spring House, Pa, November

over male cases of drug-related torsades
de pointes was maintained independent
of the presence or absence of various
clinical descriptors (Table 2), including
those that might promote torsades de
pointes (eg, hypokalemia).

Within each of three ranges of pro-
gressively prolonged QT, or absolute
QT intervals (less than 0.50 second, 0.51
t0 0.60 second, and greater than .60 sec-
ond) recorded while the study patients
were receiving the offending drugs, fe-
male gender predominance was evident.
Thus, female overrepresentation would
have been maintained even if we had
required for inclusion a QT, or abso-
lute QT interval while receiving drugs
that was greater than the cutoff values
of 0.45 second and 0.50 second, respec-
tively.

When reported cases of torsades de
pointes were grouped by associated car-
diovascular drug (Table 8), observed fe-
male prevalence was greater than ex-
pected for all seven agents included in
the analysis, and the differences were
statistically significant for each drug ex-
cept procainamide.

Torsades de Pointes and Women—Makkar et al

e term Aggregate is used for summary-type presentations of patient data.
loride; Pr, prenylamine; Q, quinidine; and S, sotalol hydrochloride.

1t his category consists of articles®’#5112 which, after application of patient exclusion criteria (see text), yielded fewer than four patients per article.

Methodological Issues

Retrospective reviews are subject to
several methodological problems, most
notably incompleteness of sampling, se-
lection bias, inconsistencies in data re-
porting among articles in the literature,
and selection of an appropriate control
group.'® We attempted to counter these
obvious limitations in several ways.

First, articles for analysis were ob-
tained not only through a MEDLINE
search but also through examination of
references cited in the bibliographies of
all articles obtained by computer, supple-
mented by personal communication. One
might argue that even if our search were
100% inclusive, there may have been
unreported cases of torsades de pointes
associated with cardiovascular drugs in
which males predominated to a degree
that would cancel out the increased fe-
male prevalence we observed among re-
ported cases. In view of the scant at-
tention devoted to this subject in the
proarrhythmia literature, however, it is
difficult to imagine why, or on what ba-
sis, authors would preferentially report
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cases of drug-related torsades de pointes
in women. Yet, we must also consider
the possibility that indirect gender bi-
ases may have been operative. For ex-
ample, some male cases may never have
reached an investigator’s attention be-
cause those patients died prior to diag-
nosis, perhaps owing to a lower prob-
ability of their being successfully resus-
citated from ventricular fibrillation (the
most extreme manifestation of torsades
de pointes). The large Seattle, Wash,
experience with community treatment
of cardiac arrest patients,'® however,
has not revealed any difference in sex
ratio for victims vs survivors of out-of-
hospital ventricular fibrillation. More-
over, we calculate that we would have
had to miss 143 cases of torsades de
pointes occurring exclusively in men to
render statistically nonsignificant the
comparison of overall observed (70%)

Table 2.—Female Prevalence Among Cases of
Torsades de Pointes, by Clinical Descriptors

Female
Prevalence, %
No. (95% CI)*

All cases 332 70 (64-75)
No rheumatic disease 122 62 (53-71)
Rheumatic disease 47 94 (82-99)
No coronary artery disease 103 80 (70-87)
Coronary artery disease 103 62 (52-72)
No hypertension 101 74 (64-83)
Hypertension 60 63 (49-76)
No left ventricular dysfunction 50 86 (73-95)
Left ventricular dysfunction 88 58 (47-69)
Atrial arrhythmia 92 78 (68-87)
Ventricular arrhythmia 11 59 (48-68)
No hypokalemia 158 69 (61-76)
Hypokalemia 66 73 (60-83)
No hypomagnesemia 64 73 (60-84)
Hypomagnesemia 9 67 (29-93)
No digoxin 98 74 (64-83)
Digoxin 103 70 (60-79)
No bradycardia 73 67 (55-78)
Bradycardia 52 71 (56-83)
QT, while receiving drug, s

=0.50 27 63 (42-81)

0.51-0.60 114 70 (60-79)

>0.60 117 70 (61-79)
QT (absolute) while receiving

drug, s

=0.50 42 64 (48-79)
0.51-0.60 . 91 65 (54-75)

| >0.60 79 77 (66-86)
QT at baseline, st
. =041 51 75 (60-86)

0.42-0.46 65 65 (51-76)

=0.47 39 51 (34-68)

R
|

*Cl indicates confidence interval.

1These three corrected QT (QT,) interval ranges are
' based on the stratification of Keating.'**

Table 4.—QT, While Receiving Drug, as a Function of QT

and expected (44%) proportions of
women with torsades de pointes.

Second, given the variations and de-
gree of clinical detail and type of data
reported in the literature, we sought to
enhance the interpretability of our analy-
sis by applying uniform, prospectively
developed working clinical definitions
and exclusionary criteria.

Third, we estimated the expected value
of female prevalence among cases of tor-
sades de pointesina conservative manner
(ie, favoring the null hypothesis). For the
antiarrhythmic ~ agents  quinidine,
procainamide, disopyramide, and amio-
darone, estimates of expected female
prevalence were derived from a large na-
tional pharmaceutical database from
1986, the year corresponding to the peak
proportional use of these drugs by women
(44%) from 1977 through 1986.% This fig-
ure is strikingly concordant with those re-
cently reported among 143 patients tak-
ing quinidine (45% women) and 210 pa-
tients taking procainamide (42% women)
for various arrhythmic indications.' The
high estimate for the expected prevalence
of women among patients developing tor-
sades de pointes while receiving diso-
pyramide likely reflects alower utilization
rate of the drug in men owing to urinary

tract side effects. With regard to bepridil, |
prenylamine, and sotalol, we believe that |
an expected female prevalence of 50%
clearly represents an upper-limit esti-
mate (see “Methods”).

Gender Differences in Susceptibility
to Quinidine Syncope

It is now appreciated that when inves-
tigators reported the occurrence of syn-
cope or ‘aborted cardiac arrest during
quinidine administration for atri-
al fibrillation or flutter prior to the
1980s,'214113 they were most likely describ-
ing manifestations of quinidine-related tor-
sades de pointes.®'%%5¢ Baged on the
present findings, therefore, one would ex-
pect an increased female prevalence also
among these cases of quinidine syncope.
Relevant data are available from a 1968
report by Cramer that describes in great

.detail the clinical course of 237 patients

treated with quinidine for conversion of
atrial fibrillation. Of the 16 patients in
that study who developed syncope (asso-
ciated with cyanosis or apnea in six and
documented ventricular tachycardia or fi-
brillation in another two) during quini-
dine administration, 15 (94%) were women,
amuch greater prevalence than expected
(47%; P<.001).

Table 3.—Comparison of Observed vs Expected Female Prevalence Among Cases of Torsades de Pointes,

by Drug

P e ]

Observed Ex|
Female Prevalence Female Prevalence
Median I 1 I 1
Drug No.* Age, y % 95% Clt % P
Quinidine 108 64 60 50-70 43% <.002
Procainamide hydrochloride 39 66 49 32-66 38% .21
Disopyramide 49 66 86 72-94 63% <.002
Amiodarone 28 64 68 47-85 32t <.001
Sotalol hydrochloride 21 65 76 52-92 50§ <.04
Bepridil hydrochloride 27 73 74 53-89 50§ <.02
Prenylamine 23 71 78 56-93 508 <.02
Two drugs 19 66 89 63-99 NAJ| NA

*Total number of patients adds up to 314 (rather than 332) because two aggregate studies,*' totaling 18 patients,
included cases of exposure to more than one drug, making it impossible to calculate female prevalence for specific

drugs.
1Cl indicates confidence interval.

+Based on data provided through a large national pharmaceutical marketing research database produced by IMS
America, Plymouth Meeting, Pa, with specific reference to outpatient use of antiarrhythmic drugs in 1986, originally
reported by Hine et al* and supplemented by writlen communication (Richard A. Fehring, IMS America, January 1992).

§For sotalol, bepridil, and prenylamine, where extensive data were not available to estimate expected female
prevalence, a conservative éstimate of 50% was used. (An even lower prevalence is actually expected, since these
drugs are mainly used to treat male predominant conditions.)

|INA indicates not applicable.

at Baseline, for Women and Men With Torsades de Pointes*

Women

Men

Women and Men

I 1T LI 1
| QTc While QT, While QT, While
Receiving Receiving Recelving
| QT at Baseline, s No. Drug, s AQT,, st No. Drug, s AQT,, st No. Drug, s AQT,, st
| =0.41 38 0.58+0.06 0.20+0.05 13 0.58+0.04 0.19+0.06 51 0.58+0.06 0.20+0.05
\ 0.42-0.46 42 0.61+0.08 0.17+0.08 23 0.58:0.06 0.14::0.06 65 0.60+0.07 0.16+0.08
| 20.47 20 0.58:+0.08 0.07+0.08% 18 0.57+0.07 0.08+0.07¢ 38 0.58+0.07 0.07+0.08%
Total, All Values 100 0.59:+0.07 0.16+0.08 54 0.58+0.06 0.13+0.08 154 0.59+0.07 0.15+0.08

*Corrected QT (QT,) interval while receiving drug and AQT, values are expressed as mean=SD.
1AQT, is the difference between QT while receiving drug and QT at baseline.
$Significantly different (P<.005) from AQT, corresponding to shorter values of QT, at baseline (ie, .42 to .46, or =.41).
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Possible Explanations for Fema
Gender Predominance e

Both extracardiac and intrinsic car-
diac factors must be considered in try-
ing to explain our findings. Although
drug dosages were comparable in male
le cases of torsades de pointes
in our series, it might be ar-
gued that the smaller body mass of
women, on average, predisposed them
to higher serum drug levels, which might
have facilitated the occurrence of tor-
sades de pointes. Although such an ex-
planation cannot be absolutely excluded,
it is unlikely, because the occurrence of
torsadeg de pointes does not appear to

be related to any critical serum drug
level.*# Moreover, among patients in
whom quinidine was the implicated agent
in our study, there was no significant
difference in serum levels of this drug
among men and women for whom such
data were available. These findings are
consistent with previous observations
in patients with quinidine syncope.”

Another theoretical contributory fac-
tor to consider is hypothyroidism, which
is more common in women,'® and which
inly cause QT prolongation and
te torsades de pointes.'™ The
possibility of a preponderance of female
cases with unrecognized clinical hy-
pothyroidism in our study is mitigated,
however, by the finding of a normal base-
line QT. (less than 0.41 second) in a
greater proportion of women than men
with torsades de pointes (38 of 100 vs 13
of 54, respectively; Table 4). Subclinical
hypothyroidism may also have been
more prevalent in the female study pa-
tients,'® but there is no evidence to date
that this entity facilitates the occurrence
of torsades de pointes.

Our results also indicate that other
potential extracardiac factors such as
hypokalemia, hypomagnesemia, or
digoxin administration are not likely to
account for the increased female preva-
lence in cardiovascular-drug-related tor-
sades de pointes, since women predomi-
nated even among cases in which these
factors were absent. Thus, we must con-
sider the possibility that intrinsic car-
diac electrophysiological differences be-
tween women and men may explain our
observations.

Female Gender and Susceptibility
rization Abnormalities

The present findings are compatible
with a number of other observations in
the literature pointing to a female pre-
disposition to prolonged cardiac repo-
larization and torsades de pointes. Even
in the {mrrnal population, women have
been shown to possess a longer average
QT. interval than men.?>!%21% Using com-

|
JAMA, ember 1, 1993—Vol 270, No. 21
|

puter analyses of digitized electrocar-
diographic tracings drawn from a data-
base of 423 normal individuals, Merri
and coworkers'® documented in women
a relative prolongation not only of QT,
but also of a newly derived independent
index of early repolarization duration
(“S-offset T-max”).

In a recent report of the large inter-
national registry of congenital long-QT
syndrome, 69% of the probands were
women, as were 60% of all affected fam-
ily members.”® Considering that this in-
herited disorder of cardiac repolariza-
tion most commonly displays autosomal
dominant hereditary transmission,'*1%
one would expect a female prevalence of
only 50%.

The theme of female-gender predomi-
nance with respect to prolonged repo-
larization also extends to torsades de
pointes with syncope (Stokes-Adams at-
tacks) in patients with marked brady-
cardia due to complete heart block. 5137
Moreover, an analysis of electrocardio-
grams from 100 hospitalized patients ex-
hibiting global T-wave inversion, another
acquired prolonged repolarization syn-
drome that can predispose to torsades
de pointes, revealed an overwhelming
preponderance of cases involving women
(female to male ratio of 4:1)."

Implications

The present study supports the no-
tion that women are more likely than
men to develop torsades de pointes in
response to commonly implicated car-
diovascular drugs. This association
should be further assessed through pro-
spective multicenter studies. Additional
clinical studies are also needed to de-
termine whether women are more likely
to develop torsades de pointes as a re-
sult of exposure to other QT-prolonging
medications, such as various antipsy-
chotic drugs and tricyclic antidepres-
sants,>1%1% and certain antibioticg®!0106.140
and antihistamines.'! Complementary
basic research would be of interest for
elucidating electrophysiological mecha-
nisms underlying gender differences in
susceptibility to torsades de pointes.

Close monitoring of the QT interval
and serum electrolytes can reduce the
incidence of torsades de pointes associ-
ated with cardiovascular (and other)
drugs that prolong cardiac repolariza-
tion. The evidence assembled in the
present report suggests that it would be
prudent for physicians prescribing these
medications to exercise even greater
caution when administering them to
women.

‘We thank Karen Beal for superb secretarial as-
sistance.
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