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Abstract
BACKGROUND—THhe etiology of accessory pathway formation (AP) is generally unknown.

OBJECTIVE—Using sex and race as proxies to distinguish genetically different individuals, we
sought to test the hypothesis that AP formation is genetically mediated by examining whether AP
location differs by sex and/or race.

METHODS—This was a single center, retrospective cohort study of 282 consecutive patients
undergoing their first electrophysiology study that revealed at least one AP between 2004-2008. Sex
and race were compared to AP location determined by the invasive electrophysiology study.

RESUL TS—Eighty-nine males (52%) and 40 (36%) females had a left posterior AP (p=0.006).
Sixty-four females (57%) had a right annular AP compared to 55 (32%) males (p<0.001). After
adjusting for age and race, females had a 2.8 fold greater odds of having a right annular AP compared
to males (95% confidence interval [CI] 1.70-4.65 greater odds, p<0.001). While right anterior (free
wall) pathways were rare in all other races (12%), a significantly larger proportion of Asians (n=10,
26%) had a right anterior AP (p=0.017). After adjusting for sex and age, Asians had a 3.8 fold greater
odds of having a right anterior accessory pathway compared to other races (95% CI 1.5-9.4 greater
odds, p=0.004).

CONCLUSIONS—Females more commonly had right annular APs, and Asians had right anterior
APs substantially more frequently than other races. These findings suggest that the pathogenesis of
AP formation may have a genetic component.
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Introduction

Atrioventricular reciprocating tachycardia (AVRT) is the second most common cause of
paroxysmal supraventricular tachycardia (SVT)1' 2 but the etiology of accessory pathway (AP)

Corresponding author: Gregory Marcus, MD, MAS, 500 Parnassus Ave, MUE 434, San Francisco, CA, 94143-1354,
marcusg@medicine.ucsf.edu, phone: (415) 476-5706, fax: (415) 476-3505.

Author disclosures/potential conflicts of interest: None

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting
proof before it is published in its final citable form. Please note that during the production process errors may be discovered which could
affect the content, and all legal disclaimers that apply to the journal pertain.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Hsu et al.

Methods

Page 2

formation remains largely unknown. Mutations in the PRKAG2 gene can result in a heritable
cardiomyopathy that may accompany atrial-ventricular connections,3 and family studies and
molecular genetic investigations have alluded to a genetic component in Wolff-Parkinson-
White (WPW) syndrome and associated pre-excitation disorders.4: 5 However, it is not known
if the development of the more common sporadic form of accessory pathways is genetically
determined, due to some environmental exposure, or due to random chance.

Previous investigations have described the prevalence of different AP locations.®: 7 However,
a large proportion of the subjects involved in these studies were males and of the same race.
68 potential differences by sex and race have not previously been described.

With the hypothesis that AP formation is genetically mediated, we sought to test the hypothesis
that AP location differs between patients with genetically distinct backgrounds.

Study Design and Subjects

This was a single center, retrospective cohort study of 282 consecutive patients undergoing
their first electrophysiology study that revealed at least one AP between 2004-2008. Both adult
and pediatric populations were included in the study. Only patients with atrial-ventricular
accessory pathways were included (e.g., patients with only atrial-fascicular and/or nodal-
fascicular pathways were excluded).

Data Collection

Medical history information was obtained from chart review. Self-identified sex and race was
obtained from the University of California electronic admissions database. Race was
categorized as White, Black, Asian/Pacific Islander, Latino, Native American or Other.
Individuals that chose “Other” race and “Latino” ethnicity were categorized as Latino. All
those that chose “White” race, regardless of ethnicity, were categorized as “White.” Country
of birthplace was identified as North America (United States/Canada), Europe, Latin America,
East Asia, South Asia, South East Asia, Middle East, South Africa and Fiji. Foreign born
individuals were defined as those whose country of birthplace was outside North America.

Intra-procedural characteristics were extracted from the electrophysiology report obtained at
the time the index electrophysiology study was performed. AP location was characterized
based on the anatomic nomenclature defined by the European Society of Cardiology and North
American Society of Pacing and Electrophysiology.? Using this nomenclature (with the
previous nomenclature in parentheses): left or mitral annulus AP locations were categorized
as posterior (lateral), inferoparaseptal (posterolateral), inferior (mid-posterior) and superior
(anterior). Right or tricuspid annulus AP locations were categorized as anterior (lateral),
inferior (mid-posterior), inferoparaseptal (posteroseptal), septal (mid-septal), superoparaseptal
(anteroseptal) and superior (anterior). APs that were successfully ablated via the coronary sinus
were categorized depending on their annular location (e.g., as left inferoparaseptal if near the
0s, as left inferior if in the mid-coronary sinus).

The study was approved by the University of California, San Francisco Committee on Human
Research.

Statistical Analysis

Continuous variables that are not normally distributed (i.e., age) are expressed as medians and
interquartile ranges (IQR) and were compared using the Wilcoxon rank sum test. Categorical
variables were compared using the 2 test. Multivariable analysis was performed using logistic
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regression analysis; covariates/potential confounders were selected based on both important
demographics (e.g., age and sex) and those covariates significantly associated with both the
predictors and outcomes of interest with p values <0.10. Two-tailed p values < 0.05 were
considered statistically significant. Stata version9.2 (College Station, Texas) was used for
statistical analysis.

A total of 282 patients with 300 APs (16 patients with two pathways and 1 patient with three
pathways) were included.

Baseline historical characteristics and intra-procedural findings (apart from AP location)
divided by sex and race are shown in Table 1. Whites were less commonly foreign-born and
more commonly had a history of atrial fibrillation, but neither group otherwise differed by
demographics or medical histories. Of the 39 foreign born patients, 15 were born in Latin
America, 11 were born in East Asia, 8 were born in South and Southeast Asia, 2 were born in
Europe, 1 was born in the Middle East, 1 was born in Africa and 1 was born in Fiji.

There were no significant differences in intra-procedural findings by sex or race (Table 1). In
addition, there were no differences by sex or race in antidromic or orthodromic AVRT cycle
lengths.

Of the 17 patients with more than one AP, only one patient had pathways on different annuli.
He was an Asian male and was the only patient with three APs (found in the left posterior, left
inferoparaseptal, and right anterior locations). No patient had more than three APs.

Accessory Pathway Location by Sex

Table 2 displays AP location by sex, with an overall statistically significant chi squared p value
of 0.003. This overall statistically significant p value implies that at least one comparison was
significant. Subsequent dichotomous comparisons revealed that this significant difference was
driven primarily by males having a greater proportion of APs on the mitral annulus and females
having a greater proportion on the tricuspid annulus. While the majority of all APs in males
were in the left posterior location, the large majority of APs in females were on the tricuspid
annulus (Figure 1).

After adjusting for age and race, females had a 2.8 fold greater odds of having at least one right
annular AP compared to males (95% confidence interval [CI] 1.70-4.65, p<0.001)

Accessory Pathway Location by Race

AP location by race is shown in Table 3. Among all races combined, the most common AP
location was left posterior (129, or 43%, of 302 pathways). Although the overall chi squared
p value was not significant across the individual comparisons, the most evident differences
involved the proportions with right anterior APs. While right anterior pathways were rare in
Whites, they were the second most common pathway in Asians. Although the number of Black
subjects was small, the most common pathway in Blacks was a right anterior AP.

When AP location was dichotomized to right anterior versus all other locations, a significantly
larger proportion of Asians had at least one right anterior AP compared to all other races
combined (Figure 2). Of note, consistent with the right versus left annular AP locations by sex,
11 out of 21 (52%) of Asian women had a right annular AP.

Restricting the analysis to only those with data regarding self-identified race (excluding Latino
ethnicity without a race designation and “Other” race), Whites were compared to Asians and
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Blacks: whereas 17 (10%) of Whites had a right anterior AP, 13 (27%) of Asians and Blacks
combined had a pathway in this location (p=0.007).

After adjusting for sex and age, Asians continued to more commonly exhibit a right anterior
AP (Figure 3). Of note, after adjusting for the same potential confounders, the point estimate
odds ratio for Blacks favored a right anterior pathway being more common than other races,
but the 95% confidence interval crossed one (Figure 3). In contrast, the point estimate odds
ratio for Whites and Latinos were each less than 1.

When foreign birth (birth outside North America) was added to the regression model, the
association between Asian race and right anterior AP location was attenuated (OR 1.73, CI
0.44-6.77, p=0.43). This was explored by adjusting for specific region of birth, and the
attenuation was found to be driven by a strong association between birth in East Asia (including
China, n=11, or Korea, n=1): those born in East Asia had an 18 fold greater odds of having at
least one right anterior AP (95% ClI 1.22-248.69, p=0.030). No other regions of birth were
independently associated with a right anterior AP location.

Discussion

This is the first study to demonstrate a relationship between sex or racial background and AP
location. We discovered that females more commonly have right annular APs compared to
males and that Asians have right anterior APs (previously referred to as the right lateral or free
wall APs) substantially more frequently than other races. Both these relationships suggest a
potential inherited component to AP development.

AVRT is a common clinical entity with manifestations including palpitations, syncope and
sudden cardiac death.10: 11 When counseling patients regarding potential invasive
electrophysiology and ablation procedures, it is useful to be informed regarding the
epidemiology of AP location by sex and race. Perhaps more importantly, as these patient
characteristics can serve as proxies for genetic differences, sex and race may help reveal
whether AP formation is genetically mediated.

Previous studies have identified electrophysiologic characteristics in patients with the WPW
syndrome, but these involved relatively homogenous populations.5: 7: 10 Although a previous
study examined sex differences in AP conduction properties by electrophysiology study, 12
none have identified AP location as a specific characteristic. One study involving only native
Taiwanese patients described AP findings nearly identical to those observed in the Asians in
our cohort: the right anterior position was found in 30% of patients and was the second most
common location.8 To our knowledge, no previous study has specifically investigated the
relationship between sex or race and AP location.

Despite no significant differences in intra-procedural characteristics other than location
between sex or race, females more frequently had right annular pathways and Asians more
often had right anterior APs. Both of these findings persisted after adjusting for potential
confounders. Of interest, the right anterior position was the most common AP location in
Blacks. Although the number of Blacks was likely too small to detect a statistically significant
difference, this finding is consistent with the general concept that individuals of non-White
races (excluding those who self-identified as “Other” race and either no or Latino ethnicity)
more commonly exhibited right anterior APs.

After adjusting for country of birth, the relationship between Asian race and right anterior AP
location was lost. This attenuation was driven by the fact that right anterior AP pathways were
particularly common in those born in East Asia (China or Korea). This finding can be

interpreted in two ways. First, if AP formation is indeed genetically determined, it would appear
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that the association between Asian race and right anterior AP formation is strongest in those
of East Asian descent. Alternatively, this finding may suggest that some environmental factor
more common in East Asia is important in determining AP location and/or formation.
Regardless, either explanation would argue against the notion that AP formation is entirely
random.

Our study has several limitations. First, determination of sex and race relied on self-identified
report. While this is the standard in the majority of publications on the subject, it is clear that
the genetic origins of an individual may not be accurately reflected by this method. In addition,
such simple categorizations of race do not take complex genetically mixed backgrounds into
account. However, both of these limitations would, if anything, likely create more “noise” in
our analysis and reduce our power to detect a difference. It is unlikely that these limitations
would result in false positive associations. In addition, our finding related to country of birth
(that right anterior APs were most common in those born in East Asia) suggests that the Asian
race designation was likely accurate. “Latino” is technically an ethnicity, rather than a race.
However, as many patients selected “Other” race and “Latino” ethnicity, we categorized this
group as a mutually exclusive category. Again, this method should only have reduced our
power and would not have created any of the positive findings we describe. In addition,
excluding this group from our analyses did not meaningfully change any of our results. Due
to the relatively small numbers, we were unable to confidently comment on AP locations in
Blacks and/or Native Americans. Finally, significant differences by sex and/or race do not
prove a genetic origin and might instead represent some common environmental exposure.
However, this is the first investigation into this possibility, and our findings at a minimum
demonstrate that AP formation does not appear to be random—if the causal factors involved
in the strong associations we describe can be identified, preventative therapies can theoretically
be developed.

Conclusion

We found that females more frequently have right annular APs and that individuals of Asian
race more commonly have right anterior (previously named right lateral or free wall) APs.
These findings suggest that the pathogenesis of AP formation may have a genetic component
that has yet to be elucidated.
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Abbreviations

AP Accessory pathway

SVT Supraventricular tachycardia

AVRT Atrioventricular reciprocating tachycardia
WPW Wolff-Parkinson-White

AVNRT AV nodal reentrant tachycardia

Cl Confidence interval

IQR Interquartile range
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Figure 1.
Proportions of males and females with at least one accessory pathway in a left posterior location
or right annular location. P values represent comparisons denoted by brackets.
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Figure 2.
Proportions of Asians and all non-Asians with at least one right anterior accessory pathway. P
values represent comparisons denoted by brackets.
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Figure 3.

Odds ratios of having at least one right anterior accessory pathway in Asian, White, Black and
Latino patients compared to the rest of the population after adjusting for age and sex. Error
bars denote 95% confidence intervals.
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Table 2

Proportions of accessory pathways in males and females in each location.

Accessory Pathway Location ~ Accessory pathways in males n=185

Left Posterior

Right Inferoparaseptal
Left Inferoparaseptal
Right Anterior

Right Septal

Right Superoparaseptal
Right Inferior

Left Inferior

Right Superior

Left Superior

87 (47%)
18 (10%)
25 (14%)
20 (11%)
3(2%)
11 (6%)
6 (3%)
11 (6%)
2 (1%)

2 (1%)

Accessory pathways in females n=115
42 (37%)
26 (23%)
3 (3%)
19 (17%)
6 (5%)
10 (9%)
3 (3%)

4 (3%)

1 (1%)

1 (1%)

Page 11

Numbers represent total number of accessory pathways (all accessory pathways in patients with more than one pathway were included). The overall

chi squared p value=0.003

Heart Rhythm. Author manuscript; available in PMC 2011 January 1.



Page 12

Hsu et al.

"6€°0=anfeA d pasenbs 1Yo |[eian0 ay “(papnjoul atem Aemyied auo uey alow yum siuaned ul skemyied A1ossaode [1e) sAemyred A10ssa22e Jo Jaquuinu [e10) Juasaldas slaquinn

(%9) 2 (%0) 0 (%2) 1 (%0) 0 (%0) 0 (%0) 0 Jorradns Yo
(%0) 0 (%0) 0 (%) 1 (%0) 0 (%0) 0 (1) 2 Jou1adns 1ybry
(%6) € (%ee) T (%0) 0 (%8) € (%0) 0 (%9) 8 Jousyul Yo
(%0) 0 (%0) 0 (%S) ¢ (%e) T (%6) T (%€) § Joriajul Wby
(%6) € (%ee) T (%S) ¢ (%0) 0 (%6) T (%8) ¥T [eydasesedouadns by
(%6) € (%0) 0 (%e) T (%0) 0 (%0) 0 (%g) § [exdas bry
(%T1) ¥ (%0) 0 (%01) ¥ (%82)TT (wL2) € (%01) LT JouBuy ybry
(%9) ¢ (%0) 0 (%) € (%eT) S (%81) T (%6) 9T [exdasesedoriagul Yo
(%17T) ¥ (%0) 0 (%L7) L (%01) ¥ (%s1) 2 (%91) L2 [erdasesedoaayu] by
(%0v) ¥T (%ee) T (%6v) 0¢ (%0v) 9T (%81) 2 (%bv) G2 101481504 Yo

GE=U J3YI0  §£=U UBDLIBWY dAIBN  Tp=UOuNeT QOp=uUuRISY TT=UMoe|gd 69T=USMUA\  UOITeI0T] Aemuyred A10Ss800y

"uoI1eI0] Yyoea ul el Aq sAemyred A10ssaooe Jo suoliodoid
€9lqel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Heart Rhythm. Author manuscript; available in PMC 2011 January 1.



