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Sex and racial disparities in the presentation, diagnosis, and man-
agement of cardiac arrhythmias are recognized. Sex-specific differ-
ences in electrophysiological parameters are well known and are
predominantly related to differences in ion channel expression
and the influence of sex hormones. However, the relationship be-
tween hormonal or racial influence and arrhythmia mechanisms,
presentation, and management needs to be better defined. Women
and racial and ethnic groups are less likely to undergo catheter abla-
tion procedures for treatment of cardiac arrhythmias. Underrepre-
sentation of women and racial/ethnic groups in clinical trials has
resulted in significant knowledge gaps. Whether sex and racial dis-
parities in arrhythmia management reflect barriers in access to care,
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physician bias, patient values, and preferences or other factors re-
quires further study.
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Introduction
In cardiac electrophysiology, variations in the epidemiology
and presentation of arrhythmias have been associated with
sex and race, which may have clinical and therapeutic impli-
cations. Despite efforts from the National Institutes of Health
and the United States Food and Drug Administration to in-
crease inclusion of women and racial/ethnic representation
in clinical trials, these groups remain largely underrepre-
sented in cardiovascular clinical trials.1–3 Exclusion of
these populations has resulted in knowledge gaps, which
hamper optimal management strategies. Although sex-
specific differences in electrophysiological parameters are
well known, the sex and racial differences that influence
arrhythmia management, including ablation therapy, require
further attention.4
Sex differences in cardiac electrophysiology
Sex differences in fundamental electrophysiology parameters
are well described (Table 1). These differences are predomi-
nantly related to sex differences in ion channel expression
and the influence of sex hormones.5 Sex hormones have var-
iable effects on the up- or downregulation of ion channels and
their function (Figure 1). Reported sex differences in human
atrial electrophysiology are inconsistent, but human ventric-
ular myocytes have been studied extensively.6 In female ven-
tricular myocytes, the expression of variable potassium
channel subunits is reduced compared to male ventricular
myocytes, resulting in longer ventricular action potential du-
rations, ventricular refractory periods, and QT intervals.6 Es-
trogen reduces IKr channel expression and hence reduces the
rapid delayed rectifier current, whereas testosterone and pro-
gesterone shorten the ventricular action potential duration by
enhancing IKs expression and increase the slow delayed po-
tassium rectifier current.6,7 Testosterone has also been associ-
ated with stronger Ito currents in male ventricular epicardium,
which correlates to the sex difference in J-wave syndromes,
such as early repolarization.6 Testosterone has also been re-
ported to decrease the sodium/calcium exchange current, as
well as to reduce the calcium release mediated by ryanodine
receptors.8,9 Because estrogen has the opposing effect,
women may have a predisposition to triggered activity.8,9

Therefore, sex differences in arrhythmogenesis may be ex-
plained, in part, by differential influences of the sex hor-
mones. For example, the longer ventricular repolarization
together with the increased likelihood of triggered activity
may explain the higher incidence of torsade de pointes in fe-
male patients with congenital or acquired long QT syn-
drome.6 Sex differences in autonomic function have also
been described, which may explain the observed differences
in baseline heart rate, PR interval, and inconsistent results for
the AH interval.10
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Table 1 Sex differences in electrophysiological parameters

Variable Women vs Men

Action potential
Atrial APD No difference
Ventricular APD Longer
INa No difference
Ito Decreased
IKr Decreased
IKs Decreased
IK1 Decreased
ICa,L Increased

ECG
Resting heart rate Higher
PR interval Shorter
QRS duration Shorter
Corrected QT interval Longer

Invasive EP
Sinus node recovery time Shorter
AH interval Equal or shorter
HV interval Shorter
Atrial ERP Shorter
AV nodal ERP Shorter
Ventricular ERP Longer

APD 5 action potential duration; AV 5 atrioventricular; ECG 5 electro-
cardiography; EP 5 electrophysiology; ERP 5 effective refractory period.

KEY FINDINGS

- Sex differences in cardiac electrophysiology are pre-
dominantly related to differences in ion channel
expression and the influence of sex hormones, but
racial differences are less well studied.

- Studies assessing the clinical presentation, diagnosis,
and management of supraventricular tachycardia (SVT)
show that women present with symptoms at a younger
age, but there are sex-specific disparities in manage-
ment because of delays in SVT diagnosis, provider
preference for medications, and catheter ablation. The
delay in catheter ablation results in higher health care
utilization by women.

- Sex and race differences in atrial fibrillation (AF)
treatment continue to exist. Women and Black patients
are less likely to undergo electrical cardioversion or
catheter ablation despite experiencing more symptoms
and impaired quality of life attributed to AF.

- Females and diverse racial populations are underrep-
resented in clinical trials on ventricular tachycardia
(VT) ablation. Referral bias and worse outcomes have
been reported for these patients undergoing VT abla-
tion in the setting of structural heart disease.

- Sex-specific and racial/ethnically representative
studies are required to address the knowledge gaps,
identify the major factors that influence referral/pref-
erence for ablation therapy, and improve ablation
outcomes.

772 Heart Rhythm O2, Vol 3, No 6PB, December 2022
Data on sex differences in atrial electrophysiology and
mechanisms of atrial fibrillation (AF) are limited. Sex differ-
ences in the electrophysiology of the left atrium and pulmo-
nary veins observed in mice might explain an increased risk
of arrhythmogenesis in males.4 Compared to females, a faster
spontaneous beating rate, increased burst firing, and
isoproterenol-induced triggering of delayed afterdepolariza-
tions were observed in male pulmonary veins. In addition,
delayed afterdepolarizations were more frequently observed
in male left atrial myocytes than in female myocytes. These
differences were associated with an increase in the late so-
dium current, calcium transients, and sarcoplasmic reticulum
calcium content. Women have been reported to have a higher
incidence of nonpulmonary vein triggers for AF compared
with men. Whether this finding is due to differences in atrial
electrical and structural remodeling between the sexes is un-
certain.
Racial differences in cardiac electrophysiology
Studies reporting racial or ethnic differences in electrophys-
iology variables are rare. One study reported that South Asian
patients had a significantly higher resting heart rate and
shorter QRS duration compared to a White control popula-
tion.11 The atrioventricular (AV) nodal effective refractory
period was also significantly shorter in these South Asian pa-
tients compared to controls.11 Despite significant racial dif-
ferences in AF, data on differences in AF mechanisms are
lacking.
Supraventricular tachycardias
Sex differences in supraventricular tachycardia
diagnosis and management
Women typically are younger at the onset of symptoms for
both atrioventricular nodal reentrant tachycardia (AVNRT)
and atrioventricular reentrant tachycardia AVRT.12–14

Women are more symptomatic with supraventricular
tachycardia (SVT) and are more often treated with
antiarrhythmic drugs.14–16 The interval between onset of
symptoms and first electrophysiological evaluation is longer
in women compared to men, as is the time interval between
this first evaluation and catheter ablation (Figure 2).12,14

Men were more likely to undergo catheter ablation for SVT
compared to women.17 In a previous study, the delay in pre-
sentation and ablation of SVT in women was found to be
driven by several factors, including a delay in SVT diagnosis,
a personal preference of women for medications over the po-
tential risk associated with catheter ablation, and the major re-
sponsibilities of women as the primary caregiver within their
family.14

Similar findings were reported in a contemporary cohort
of 5466 patients with a new diagnosis of SVT, of which
67% were female.17 In the year before their SVT diagnosis,
women had overall higher health care utilization with more
ambulatory clinic visits, emergency department visits, and
hospital admissions for SVT (Figure 3).14,17 After the SVT
diagnosis, health care utilization increased in both men and



Figure 1 Sex differences in ventricular cardiomyocyte electrophysiology. AP5 action potential; ECG5 electrocardiogram; IK 5 delayed rectifier potassium
current; IK15 inward rectifier potassium current; Ito5 transient outward current; VF5 ventricular fibrillation. (Reproduced from Tadros et al6 with permission.)
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Figure 2 Sex differences in supraventricular tachycardia (SVT) manage-
ment. EP5 electrophysiology. (Reproduced from Musa et al14 with permis-
sion.)
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women, but significantly more in men.17 This difference was
driven by the higher likelihood of catheter ablation and the
associated hospital admission in men. However,
nonablation-related, outpatient expenditures were signifi-
cantly higher in women because of more frequent health
care visits, greater medication use, and a higher proportion
of women who remained symptomatic after ablation.17

During pregnancy, the most common SVT is inappro-
priate sinus tachycardia, with an incidence of approximately
0.1%.18 AF occurs is 0.03–0.06 of pregnancies, whereas re-
ported rates for other SVTs are between 0.02% and 0.5%
of pregnancies.18,19 For about half of these women this is
the first presentation, whereas women with known AF or
SVT are likely to experience worsening of their symptoms
and an increased number of episodes because of the altered
volume status and increased sympathetic activity.19,20 The
management of SVTs during pregnancy is limited to electri-
cal cardioversion and/or pharmacologic management; how-
ever, the choice of antiarrhythmic drug should be well
considered.18,19 Fluoroless catheter ablation during preg-
nancy has been performed successfully but requires further
research, as data currently are limited.21
Figure 3 Health care resource use before and after supraventricular tachy-
cardia diagnosis. ER5 emergency room; IP5 inpatient admission. (Repro-
duced from Sacks et al17 with permission.)
Sex differences in AVNRT and AVRT
Sex differences in the incidences of AVNRT and AVRT have
been widely reported, with a female-to-male ratio of 2:1 for
AVNRT and 1:2 for AVRT.15,22,23 Multiple studies have re-
ported significant sex differences in invasive electrophysio-
logical measurements in patients with AVNRT and
AVRT.13,24,25 The higher incidence of AVNRT in women
has been linked to shorter AV nodal refractory cycle lengths
and a wider tachycardia window.12,24,25 The latter reflects the
shorter anterograde AV nodal slow pathway effective refrac-
tory periods in women, with similar refractory periods for the
AV nodal fast pathway compared to men.24 However, other
studies have reported minimal or no difference in the tachy-
cardia window; rather, they suggest a causal relation with a
higher incidence of premature atrial complexes in women
and a potential proarrhythmic effect of progesterone during
the luteal phase of the menstrual cycle.12,25 The inducibility
of SVTwas highest at the onset of menses and during the pre-
menstrual phase when estrogen levels are low and progester-
one levels and plasma norepinephrine levels are high.6 These
findings are supported by the equal distribution of AVNRT in
prepubertal males and females. In AVRT, similar invasive
electrophysiological differences have been reported between
males and females.13 However, these differences were less
pronounced than in patients with AVNRT, likely because
of the younger age at presentation for patients with AVRT.

The acute procedural success rates of catheter ablation for
AVNRT and AVRT ranged between 91% and 99%.22,25 No
studies have reported any significant difference in acute suc-
cess rates or complication rates between men and women;
however, women were at a 3 times higher risk for long-
term recurrences and need for repeat ablation.22,23 This
finding may be related to fewer radiofrequency applications
during SVT ablation in women.15,25
Sex differences in focal atrial tachycardia
The incidence of focal atrial tachycardia (AT) is higher in
women compared to men, with a female-to-male ratio of
3:2.6 In European and Asian registries including patients un-
dergoing SVT ablation, the proportion of female patients un-
dergoing focal AT ablation is very consistent at
approximately 56%.23,26,27 This suggests a minimal referral
bias for AT ablation given the discrepancy between the re-
ported incidence and the proportion of female patients in
the ablation registries. Although left atrial and biatrial focal
etiologies are comparable between male and female patients,
a right atrial etiology was more common in women.26 The
acute success rates for ablation ranged between 84% and
94%, without a significant difference between men and
women.23,26,27 Only 1 registry reported a long-term success
rate of 72%, but it did not report on sex differences.27 One
study from Singapore reported that 4% of patients underwent
repeat ablation for focal ATs, with a significant higher risk for
repeat ablation in women (male sex: odds ratio 0.34; 95%
confidence interval 0.21–0.56).23
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Sex differences in atrial flutter
The incidence of atrial flutter is closely related to that of AF;
therefore, sex differences often are reported for both AF and
atrial flutter together. The proportion of female patients
with atrial flutter in ablation registries depends on the selec-
tion criteria and ranged overall between 21% and 27%.27–29

The lowest rate of 21% was reported in a Danish nationwide
registry, which excluded patients with heart failure,
implantable cardiac devices, and cardiomyopathies.29 In a
German registry, the reported rates differed significantly
between subgroups with structural heart disease (26% fe-
male) and patients with structural normal heart (46% fe-
male).30 Reported acute success rates of atrial flutter
ablation, including both typical and atypical flutters, was
96%, with a long-term success rate of 71%.27 Success rates
were similar between men and women.28,29 However, the
largest registry reported a significantly higher complication
rate in female patients (3.6% vs 3.0%; P5 .030) but did not
provide insights on sex differences for specific complica-
tions.28
Racial and ethnic differences in SVT, AT, and atrial
flutter
Although several studies have reported sex differences in
SVT, data on racial differences are rare. Go et al reported
comparable SVT incidence in Whites (100/00,000) and
Blacks (107/100,000), whereas the incidence in Asians/Pa-
cific Islanders was significantly lower (51/100,000).31

However, no incidence rates by type of SVT were pre-
sented. Because most registries including AVNRT and
AVRT patients did not either report or show significant dif-
ferences between races, procedural differences and referral
bias could not be assessed.23,28 For atrial flutter, limited
data from the United States are available using the Nation-
wide Inpatient Sample and administrative data from Flor-
ida.28,32 Whereas Patel et al28 did not report any
nationwide racial differences in rates of atrial flutter abla-
tion, Tamariz et al32 described racial disparities in access
to atrial flutter ablation. Although more Blacks underwent
atrial flutter ablation (odds ratio 1.08; 95% confidence inter-
val 0.96–1.21) compared to Whites, this did not reach sta-
tistical significance. These data clearly illustrate the need
for more detailed reports to determine whether racial dispar-
ities in management exist.
Table 2 Sex and racial differences in AF management

Health service Male (N5 209,788) Female (N5 308,153

Rhythm-controlling
medication

45,947 (21.9) 61,237 (19.9)

Catheter ablation 2626 (1.3) 1700 (0.6)

Values are given as n (%).
AF 5 atrial fibrillation.
Data from Bhave et al.36
AF
Sex differences in clinical presentation
Sex differences in the clinical characteristics, referral pat-
terns, and management of AF have been described.
ORBIT-AF (Outcomes Registry for Better Informed Treat-
ment of Atrial Fibrillation), an observational cohort study
of over 10,000 patients, reported that women were signifi-
cantly more symptomatic with AF.33 Women reported
more frequent palpitations, dyspnea with exertion, exercise
intolerance, light-headedness, dyspnea at rest, fatigue, and
chest discomfort. In the ORBIT-AF study, women also re-
ported worse quality of life as reflected in significantly lower
Atrial Fibrillation Effects on Quality-of-Life scores. The
Basel Atrial Fibrillation Cohort investigators also reported
that women were more symptomatic than men (any symp-
toms 85% vs 68%; P,.001).34 Perhaps of more concerning,
although the AF symptom burden decreased over time from
diagnosis in both men and women, these sex-related differ-
ences in symptoms and health perception persisted during
long-term follow-up. At 1-year follow-up, 49% of women
continued to report symptoms compared to 33% of men (P
,.001).

Sex differences in AF management
Although women are more symptomatic with AF, the
ORBIT-AF Investigators reported that women were less
likely to undergo electrical cardioversion or AF ablation
and were more likely to undergo AV nodal ablation
compared to men.33 They also were more likely to be treated
with digoxin and less likely to receive a b-blocker for rate
control. Sex differences in AF treatment have been confirmed
by the Euro Observational Research Program, an observa-
tional cohort study that included over 3000 patients.35 In
this cohort, women were more likely to undergo trials of
pharmacologic conversion and were less likely to undergo
electrical cardioversion or catheter ablation for AF. Similar
findings have been reported in an analysis of Medicare ben-
eficiaries with newly diagnosed AF in 2010–2011.36 Men
were more likely to be referred to a general cardiologist or
electrophysiologist and were more likely to receive rhythm-
controlling medication or catheter ablation compared to
women (Table 2).

Sex differences in referral for AF ablation have been
confirmed by other administrative data analyses. Data from
admissions for symptomatic AF to acute care hospitals in
the states of California, Florida, and New York between
) White (N5 452,986) Black (N5 36,425) Hispanic (N5 28,530)

96,387 (21.3) 5527 (15.2) 5270 (18.5)

3884 (0.9) 278 (0.8) 164 (0.6)
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2006 and 2011 identified that those patients subsequently re-
admitted for catheter ablation of AF were younger, more
often were male, and more often were White with private
health insurance and higher household incomes.37 More
contemporary analysis of data from the National Inpatient
Sample for the year 2018, which included over 82,000 pa-
tients admitted for AF in the United States, confirms that
men are more likely to undergo electrical cardioversion
(21.4% vs 16.0%; P ,.001) or AF ablation (5.2% vs 3.7%)
compared to women.38
Sex differences in AF ablation and outcome
Sex disparity in AF ablation has been reported in a contem-
porary AF registry from Kansai Japan (n 5 5010).39 In this
cohort, women undergoing AF ablation were older, had
more paroxysmal AF, and at the time of ablation were noted
to have more nonpulmonary vein foci. Over median follow-
up of 2.9 years, the cumulative incidence of AF recurrence
was significantly higher for women compared to men
(43.3% vs 39.0%; P 5 .005), and these differences were
observed for both paroxysmal and persistent AF.39 Further-
more, over long-term follow-up women were more likely
to experience major bleeding complications, hospitalizations
for heart failure, or implantation of a cardiac implantable
electronic device. The German Ablation Registry reported
periprocedural complications in 3652 patients (33% female)
undergoing AF ablation.40 In this cohort, women were older
at the time of ablation and had a higher prevalence of parox-
ysmal AF. The rate of major in-hospital complications was
higher in women (1.9% vs 0.8%; P 5 .023), driven mainly
by major bleeding events (1.7% vs 0.5%; P 5 .004). In
this cohort, women experienced higher AF recurrence rates,
were more likely to have persistent symptoms attributed to
AF, and were more likely to continue to receive oral medica-
tion for rate and rhythm control during long-term follow-up.
The higher complication rates and readmissions after AF
ablation observed in women have been confirmed from anal-
ysis of a larger administrative United States Nationwide Re-
admissions Database of patients undergoing AF ablation
between 2010 and 2014 (n 5 54,597).41 Women were
more likely to experience cardiac perforation/tamponade
and major bleeding complications. Furthermore, women
had higher 30-day readmission rates for any cause (AF, atrial
flutter, other cardiovascular causes).

A prespecified analysis of outcomes by sex was recently
reported by the CABANA (Catheter Ablation Versus Antiar-
rhythmic Drug Therapy for Atrial Fibrillation) Investiga-
tors.42 As in earlier reports, in CABANA, women
undergoing ablation were older, had more symptoms associ-
ated with AF, and were more likely to have paroxysmal AF.
They were less likely to have nonpulmonary vein trigger
ablation procedures at the index ablation. The primary
outcome of death, disabling stroke, serious bleeding, or car-
diac arrest was similar in both women and men undergoing
ablation. However, consistent with the previously reported
cohort studies, in CABANA, women were more likely to
experience recurrence of AF after the blanking period. At
12-month follow-up, 59% of women compared to 66% of
men were free from AF recurrence after AF ablation. Women
randomized in CABANA had a significantly lower AF
burden at enrollment compared to men (42% vs 52% of Hol-
ter recording time; P5 .006) (Figure 4). However, the incre-
mental reduction in AF burden postablation was lower in
women. In CABANA, complication rates related to ablation
were similar in men and women, which may reflect the evo-
lution of AF ablation procedures and the experience of
participating centers.

The reason for higher rates of AF recurrence noted in
women was explored in a small cohort of 117 patients.43 Dif-
ferences in atrial remodeling have been identified, with more
areas of reduced voltage, decreased conduction velocity, and
fractionated atrial electrograms noted in women. These find-
ings suggest that more adverse electrical remodeling in
women compared to men may explain the higher risk of
AF recurrence postablation. Sex differences in atrial remod-
eling may explain the need for more adjunctive ablation le-
sions required in women undergoing AF ablation as
recently reported by the Get with the Guidelines AF Regis-
try.44
Racial differences in AF
Epidemiologic studies have consistently reported racial dif-
ferences in the incidence and prevalence of AF. Whites are
at higher risk for AF despite a higher prevalence of known
risk factors for AF documented among other racial and ethnic
groups.45 The lifetime risk of AF increases markedly after
age 50 years in European men and after age 60 years in
women.46 A similar age-dependent difference in AF risk
has also been reported in Black men compared to Black
women.47

Racial differences in symptoms attributable to AF also
have been reported. The ORBIT-AF Registry reported that
Black patients were more likely to report symptoms of
palpitations, dyspnea on exertion, decreased exercise toler-
ance, dizziness, dyspnea at rest, fatigue, and chest discomfort
compared with White or Hispanic patients.48 Black patients
also reported more severe or disabling symptoms (20.4%)
compared with White (16.4%) and Hispanic (8.5%) patients.
Black patients reported lower overall quality-of-life scores
within 2 years of follow-up. In the analysis of Medicare ben-
eficiaries with newly diagnosed AF, Blacks and Hispanics
were less likely to receive rhythm-controlling antiarrhythmic
drug therapy or be referred for catheter ablation for AF
(Table 2).36

Race differences in AF ablation have been reported.36,49,50

Analysis of the National Cardiovascular Data Registry
(NCDR�) PINNACLE (Practice Innovation and Clinical
Excellence) Registry compared outcomes between Asian
and White patients with AF between January 2013 and
June 2018.49 Asians were less likely to be managed with
rhythm control strategies (26.3% vs 30.0%; P ,.001),
including catheter ablation (2.2% vs 3.2%; P ,.001). A



Figure 4 Sex differences in atrial fibrillation burden at baseline and after catheter ablation. (Reproduced from Russo et al42 with permission.)
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separate analysis of a large, diverse, commercially insured
population reported that overall rates of antiarrhythmic
drug use and catheter ablation for the management of AF
increased between 2016 and 2019. However, Black and His-
panic groups were less likely to receive catheter ablation.
This factor was strongly associated with lower socioeco-
nomic status.50

The CABANA Investigators studied outcomes of ablation
and antiarrhythmic drug use in racial and ethnic minorities,
which comprised 9.9% of the study population.51 Compared
to the nonminority group, racial and ethnic minorities expe-
rienced a worse outcome with antiarrhythmic drug therapy
and similar outcomes with catheter ablation. In the racial
and ethnic minority groups, the burden of AF was signifi-
cantly reduced after ablation compared to antiarrhythmic
drug use despite a higher baseline AF burden in the subgroup
randomized to ablation.
Ventricular tachycardia
Sex differences in structural normal hearts
The underlying mechanism of ventricular tachycardia (VT)
in patients with a structural normal heart is predominantly
enhanced automaticity or triggered activity. Whereas a right
ventricular outflow tract origin is twice as common in female
patients, there was no difference between men and women
with regard to left ventricular outflow tract origins.52 In a
large retrospective German registry, 53% of patients with
structural normal heart who underwent catheter ablation for
VT or ventricular premature beats were female.53 Similar
proportions among patients with structural normal hearts
were reported in other retrospective registries in the United
States (48% female) and Japan (42% female).54,55 No sex-
related differences in outcome were reported.

Verapamil-sensitive fascicular VT, most often related to
reentry between the posteroseptal left ventricular myocar-
dium and the Purkinje network, is 3 times more common in
male patients.52 It has been hypothesized that this difference
is related to shorter Purkinje cell action potential duration and
slower His-Purkinje conduction in men; however, data on ion
channel expression in human Purkinje fibers are rare.56

Although sustained VT occurs in,0.01% of pregnancies,
they occur more frequently in women with a structural
normal heart, the majority of which originate from the right
ventricular outflow tract.18 In women with a history of idio-
pathic VT, recurrences were reported in 27% of pregnan-
cies.20
Sex differences in structural abnormal hearts
In patients with structural abnormal hearts, the predominant
mechanism underlying ventricular arrhythmias is reentry
due to the presence of fibrosis or scar. The population at
arrhythmic risk due to structural abnormal hearts can largely
be divided into patients with ischemic and nonischemic car-
diomyopathy. Table 3 presents an overview of large clinical
trials from the past decades on VT ablation. The majority of
these studies were conducted in patients with ischemic car-
diomyopathy, and only 10.3% of included patients were fe-
male. Registries have reported comparable rates for female
patients with ischemic cardiomyopathy undergoing VT abla-
tion between 9% and 12%.53,54 Although this discrepancy
has been related to the difference in incidence and prevalence
of ischemic cardiomyopathy with a higher proportion of male



Figure 5 Sex differences in ventricular tachycardia–free survival and all-cause mortality. A: Entire cohort. B: Ischemic cardiomyopathy. C: Nonischemic
cardiomyopathy. D: Death and transplant-free survival, entire cohort. (Reproduced from Frankel et al58 with permission.)
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patients, a selection bias in referral of women for VT ablation
has also been reported.57 In a retrospective registry including
10-year of data from the United States, 6% of patients with
ischemic cardiomyopathy who presented with VT underwent
catheter ablation.57 When comparing the characteristics of
those receiving ablation vs conservative management, only
10% of patients undergoing catheter ablation were female,
whereas in the conservative management group, 17% of pa-
tients were female. Furthermore, during the 10-year inclusion
period, the proportion of women undergoing VT ablation
decreased from 19% in 2002 to 13% in 2011.57 Unfortu-
nately, no contemporary data are available.

In patients with nonischemic cardiomyopathy, sex dis-
parities in access to catheter are less pronounced, but re-
ported rates of ablation are variable. The proportion of
female patients with nonischemic cardiomyopathy under-
going VT ablation ranged between 19% and 29% in retro-
spective registries.53,54,58 In a nationwide cohort reporting
on 10-year trends in VT ablation in patients with nonische-
mic cardiomyopathy in the United States, 47% was fe-
male.59 In a propensity score-matched analysis from this
cohort, there was no evident referral bias because there
was no significant difference in the proportion of women
in the subgroup not referred for catheter ablation compared
to those referred for catheter ablation (45% vs 46%,
respectively). However, in the 10-year trend analysis, the
proportion of women undergoing catheter ablation for non-
ischemic VT decreased from 55% in 2003 to 41% in
2014.59 The reason for this decline is uncertain; however,
a significant gradual increase in in-hospital mortality (0.2%
in 2003 to 1.6% in 2014) and complication rate (2.9% in
2003 to 10.3% in 2014) was observed. This increase in
complication rates was driven by vascular and cardiac
complications, but no data on sex differences in complica-
tions were reported.59

Several large retrospective registries of patients undergo-
ing catheter ablation for VT in the setting of structural heart
disease have reported significant sex differences in disease



Table 3 Overview of the inclusion criteria for the major VT catheter ablation studies

Study Year Total no.
Ischemic
cardiomyopathy (%) Female [n (%)] Ethnicity [n (%)]

Subgroup
analysis by sex

COOLED-RF74 2000 146 82 12 (8) NA Not significant
SMASH-VT75 2007 128 100 17 (13) NA Not significant
Carbucicchio et al76 2008 95 76 10 (11) NA Not significant.
VTACH77 2010 107 100 7 (7) NA NA
CALYPSO64 2014 27 100 2 (7) Black: 6 (22) NA
VISTA78 2015 118 100 8 (7) NA Males had a higher risk

of VT recurrence in
univariate analysis,
not in multivariable analysis

THERMOCOOL65 2016 249 100 15 (6) Non-White: 20 (8) NA
VANISH79 2016 259 100 18 (7) NA Not significant
SMS80 2017 111 100 18 (16) NA NA
BERLIN-VT81 2020 159 100 20 (13) NA NA
Fernandez-Armenta et al82 2020 412 66 36 (9) NA NA

NA 5 not available; VT 5 ventricular tachycardia.
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management and clinical outcomes. First, before VT abla-
tion, women less frequently received an implantable
cardioverter-defibrillator or cardiac resynchronization ther-
apy device.58 Second, women were less frequently pre-
scribed beta-blockers or antiarrhythmic drugs.58 More
specifically, the use of amiodarone in women was lower,
whereas the use of sotalol was significantly higher in female
patients.58 Third, although complication rates were compara-
ble between male and female patients, the procedural
outcome differed significantly.54,58 At the end of the proced-
ure, the clinical VT more often still was inducible in women,
and there was a higher recurrence of VT during follow-up in
women with ischemic cardiomyopathy (Figure 5).58,60 Inter-
estingly, shorter total ablation time and shorter ablation time
per clinical inducible VT were observed among female pa-
tients, despite a comparable complexity of cases with similar
proportions of epicardial mapping and total number of map-
pable VTs noted between males and females.58 However,
there was no difference in readmission rates or referral for
repeat ablation.60,61 Lastly, female patients were reported to
have comparable60 or better survival53,62 compared to male
patients. Detailed analysis of cardiac magnetic resonance im-
aging and electroanatomic mapping has not identified a sig-
nificant difference in the substrate for VT between male
and female patients with nonischemic cardiomyopathy.63

Only 5 of the clinical trials summarized in Table 3 reported
a subgroup analysis by sex, and none of them showed signif-
icant differences in their primary outcomes.
Racial differences in VT
Overall, data on racial and ethnic differences with regard to
VT ablation are limited. Only 2 of the 11 studies summarized
in Table 3 reported patient race/ethnicity, but no subgroup
analyses were performed.64,65 In the United States, 87% of
patients with ischemic cardiomyopathy undergoing VT abla-
tion between 2002 and 2011 were White, whereas 5% were
Black, 4% Hispanic, and 1% Asian.57 The data suggested a
referral bias for Blacks, as approximately 7.3% of patients
who were not referred for catheter ablation were Black
compared to 4.6% for those who were referred for catheter
ablation.57 Temporal trends over 10 years suggest that the
proportion of non-White patients undergoing catheter abla-
tion may be increasing, albeit marginally.57 Among patients
with nonischemic cardiomyopathy referred for VT ablation
between 2003 and 2014, 59% were White, whereas 10%
were Black, 6%Hispanic, and 2%Asian or Pacific Islander.59

Although the 10-year trends showed significant improvement
in VT ablation rates, the data were confounded by a high pro-
portion of missing data in the initial years of the registry (35%
missing data on race in 2003–2004 vs 7% in 2013–2014).59

As such, the true trend over time cannot be accurately as-
sessed.
Clinical perspective and future directions
While ethnic and racial diversity in North America continues
to grow, the disparities between sex and race in cardiovascu-
lar clinical research and health care utilization remains strik-
ing.66 The underrepresentation of females and racial/ethnic
groups in clinical trials and registries is multifactorial and
is incompletely understood. Although differences in disease
prevalence and clinical presentation might impact inclusion
and exclusion criteria, studies reporting participation-to-
prevalence ratios have clearly illustrated inclusion bias.1

Sex and race/ethnicity disparities remain prevalent in primary
health care and clinical trial participation.1,66,67 Women and
individuals from non-White racial or ethnic groups are less
likely to opt for invasive procedures or to engage in clinical
research.67,68 Studies have revealed implicit bias, systemic
prejudice, and absence of trust in health care in combination
with differences in health literacy and information-seeking
behavior as factors influencing sex and racial disparities in
care.68 In addition, differences in an individual’s values
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and preferences for treatment as well as socioeconomic fac-
tors may influence these disparities in care. It has been sug-
gested that physicians should adapt their communication
strategies to overcome discrepancies in symptom interpreta-
tion, referral bias, and risk-to-benefit discussions for catheter
ablation therapy.69 The latter has been linked to anxiety of
women toward adverse effects of radiation exposure, partic-
ularly in premenopausal women, which should be overcome
given the high success rates of SVT ablation with a minimal
fluoroscopy approach.

Meanwhile, several attempts to close the gap have been
initiated, such as the “Go Red for Women” movement and
research network, which aims to increase women’s heart
health awareness and serve as a catalyst for change to
improve the lives of women globally.70 The interaction of
sex and ethnic and racial differences with pathophysiology
and treatment responses for cardiac arrhythmias is complex.
The knowledge gaps created by exclusion of specific popula-
tions in the past decades require immediate action, particu-
larly in an era with shifts toward personalized and precision
medicine.

We therefore wish to launch a call for action:

� Funding agencies should prioritize research to close the
gap in basic science knowledge and improve the under-
standing of sex and racial disparities.

� Clinical trial steering committees should strive for sex and
racial equality because research has shown that greater rep-
resentation of women on steering committees leads to
more diverse recruitment.71,72

� Improvements should be made in the recruitment and
retention of underrepresented groups, which requires com-
munity engagement, decentralization of study sites to
enhance accessibility, and increased racial representation
among investigators.73

� Clinical trials and registries should report detailed results
for sex and racial subgroups, as this may increase the vari-
ability and sample size for meta-analyses.

� Use of social media should be maximized to create
disparity awareness, not neglecting the fact that at least
part of these populations is hard to reach this way.

� Health illiteracy should be countered by providing free in-
formation resources, available in different languages and
at a basic level.
Conclusion
Sex, ethnic, and racial disparities are evident in the presenta-
tion, diagnosis, andmanagement of cardiac arrythmias. How-
ever, the understanding of mechanisms by which sex, ethnic,
and racial differences affect cardiac arrhythmias is still at an
early stage. Engagement of the research community and in-
dustry is essential to address the disparities and improve pa-
tient care on a global level. Sex- and minority-specific trials
are needed to acquire a detailed understanding of arrhythmia
mechanisms, determinants, and therapeutic responses,
together with measures to overcome sex and minority exclu-
sion from health care.
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