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Global Warming, Cricket World Cup and Atrial Fibrillation Awareness!
Dear Colleagues
Welcome to the Summer issue of the Journal of Atrial Fibrillation. Hope everyone had a great time with family and friends.
Whoever wants the world to believe that Global Warming is an invention of over enthusiastic environmentalists, I say they are
dead wrong. I had experienced the true impact of Global Warming this Summer during my trip to Europe with temperatures
clearly in the record highs. For those of you who are Cricket nuts, the World Cup ended with a thrilling final. England faced off
New Zealand in a nail biter that got extended into a super over. England took the World Cup home on a technicality dashing
the hopes of 5 million Kiwis. The 4 sub-continent teams – India, Pakistan, Sri Lanka and Bangladesh exited at various stages.
There were hundreds of millions of betting dollars lost and won with an unexpected loss of the tournament favorite India to New
Zealand in the semi-final.
Kansas City Heart Rhythm Symposium marked its 11th year and the founding Editor-in-Chief of JAFIB was honored with
the well-deserved “Pioneer in Cardiovascular Electrophysiology” Award. Dr. Natale is well known for his incredible contributions
to the field, particularly developing real life practical approaches to several complex arrhythmias. Special shout out to the EP
Live Foundation on successfully organizing EP Live Europe (Milan) and EP Live India (Bengaluru) a two-day case-based
learning event where several live cases and recorded cases were showcased with robust discussion on clinical and technical aspects.
They were very popular and especially India it ignited a significant interest in complex arrhythmia ablation in many budding
young electrophysiologists.
Congratulations to the Global AF Alliance (GAFA) Foundation, Heart Rhythm Society (HRS) and ACC for launching
a very effective AF awareness campaign last month It takes unfettered commitment from all fronts to fight this 21st century
epidemic. Mellanie True Hills and group developed an AF awareness song as part of STOPAFIB.org’s continued engagement
in patient education. Several physicians and hospital systems across the world have organized many grass roots level events.
ACC Electrophysiology Council and Heart Rhythm Society organized a Twittenar on life
style management and risk factor modification as the main theme. It is refreshing to see the
Eps systematically establishing a multipronged approach to the treatment of AF targeting
obstructive sleep apnea, obesity, hypertension, diabetes and exercise.
This issue of the journal has several interesting original articles and case reports worth
spending time on. One paper that caught my attention is the survey of Cardio-Thoracic surgery
residents. The survey reflects a relative dearth of training, volume and dedicated arrhythmia
surgery ablation training. As the field moves towards a heart team approach for the treatment
of AF, Surgical training curriculums need special attention arrhythmia surgery. We once again
appreciate your support to the journal and look forward to your contributions to the field.
Best wishes
DJ Lakkireddy

www.jafib.com

Dhanunjaya (DJ)Lakkireddy

MD, FACC, FHRS

Editor-in-Chief
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Intermittent Nonhabitual Coffee Consumption and Risk of Atrial
Fibrillation: The Multi-Ethnic Study of Atherosclerosis
Jennifer Xu1, Wenjun Fan1, Matthew J. Budoff 2, Susan R. Heckbert3, Ezra A. Amsterdam4, Alvaro Alonso5, Nathan
D. Wong1
1
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Abstract

Background
Though it is a widely held belief that caffeinated beverages predispose individuals to arrhythmias, it is not clear whether regular coffee
consumption is associated with development of atrial fibrillation (AF).
Objective
We examined the association between long-term coffee consumption and development of AF in both habitual (≥0.5 cups of daily coffee)
and nonhabitual (<0.5 cups/day) drinkers.
Methods
A total of 5,972 men and women, aged 45-84 years and without a history of cardiovascular disease at baseline in the Multi-Ethnic Study
of Atherosclerosis (MESA) were followed from 2000 to 2014 for incident AF with baseline coffee consumption assessed in 2000-2002 via
a Food Frequency Questionnaire and divided into quartiles of 0 cups/day, >0 to <0.5 cups/day, ≥0.5 to <1 cups/day, and ≥1.5 cups/day.
Results
Out of the 828 incident cases of AF, intermittent coffee consumption (>0 to 0.5 cups of daily coffee) was associated with a greater risk
of incident AF (HR=1.36, 95% CI 1.04-1.77) relative to 0 cups/day in multivariable Cox proportional hazards models after adjustment for
numerous AF risk factors. Higher coffee consumption was not associated with AF risk (HR 1.03, 95%CI 0.93-1.14 for ≥0.5 to 1.5 cups/day
and 1.05, 95%CI 0.97-1.13 for ≥1.5 cups/day).
Conclusions
While there appears to be no dose-response association between habitual coffee intake and AF risk, we found evidence that
intermittent, but not habitual, coffee consumption is associated with a modestly increased risk of incident AF that deserves further study.

Introduction

Atrial fibrillation (AF) is the most prevalent cardiac arrhythmia
and causes substantial morbidity, mortality and socioeconomic
burden [1]. Caffeine consumption is cited as a common trigger for
AF episodes but it is not clear whether regular coffee consumption
or consumption of large amounts of coffee is actually associated
with development of AF [2]. Habitual coffee consumption has been
established as having having neutral to beneficial effects on type 2
diabetes, coronary artery disease, congestive heart failure, and stroke
[3-7]
; furthermore, large observational studies suggest that, compared
to non-drinkers, regular coffee drinkers have reduced mortality
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. Interestingly, the effects of coffee have been suggested to be
different in habitual drinkers (defined as those who consume more
than a half cup of daily coffee) compared to nonhabitual drinkers. In
caffeine-naïve subjects, coffee is associated with acute increases in
blood pressure but does not affect blood pressure in habitual coffee
drinkers [10]. The relationship of coffee to development of AF is not
as well characterized. In total three meta-analyses have assessed the
association between coffee consumption and development of AF and
all have demonstrated no increased risk [11-13]. However, these studies
are limited because the division of groups of coffee consumption is
inconsistent and may not be able to identify nonhabitual consumers.
With consideration of these controversial data, our objective was
to clarify the relationship between coffee consumption and the
development of AF in both habitual and nonhabitual drinkers from
data in the Multi-Ethnic Study of Atherosclerosis (MESA), a large
prospective cohort study in the United States.
[8,9]
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Materials and Methods

MESA is a prospective population study whose study methods
have been described previously in detail [14]. In brief, between 2000
and 2002, MESA enrolled 6,814 individuals free of cardiovascular
disease age 45-84 years from four different race/ethnicities (Caucasian,
African-American, Hispanic, and Chinese) from six US field centers.
Participants were free of cardiovascular disease at baseline (defined
as physician-diagnosed myocardial infarction, angina or nitroglycerin
use, stroke or transient ischemic attack, heart failure, current AF
or having undergone cardiovascular procedures) and underwent
follow-up from 2000 to 2014. Standardized MESA procedures
required exclusion of subjects who reported any of these conditions
or noninvasive testing indicating a concern for a condition requiring
medical follow-up from the participant’s baseline questionnaire.
At the baseline health examination, height, weight, and systolic
and diastolic blood pressure were measured. Total cholesterol, high
density lipoprotein-cholesterol (HDL-C), low density lipoproteincholesterol (LDL-C), and triglycerides were measured in nonfasting
blood samples. MESA initially defined hypertension using JNC6 criteria, but in light of recent modifications to the definition by
ACC/AHA, hypertension was redefined as taking antihypertensives,
systolic blood pressure (BP) ≥130, or diastolic BP ≥80. Participants
completed a self-reported questionnaire on highest attained
education, cigarette smoking status (never, former, current), total
pack year smoking history, alcohol consumption habit (never, former,
current), and assessed reported intake of alcoholic drinks (g/day),
soda, diet soda, and tea (servings/day).
Baseline coffee consumption was assessed in 2000-2002 via a
120-item Food Frequency Questionnaire (FFQ) that assessed
daily intake of foods, beverages, and nutrients in the past year. The
questionnaire allowed nine responses that ranged from rare to never,
1-3 per month, once a week, 2-4 per week, 5-6 per week, once a day,
2-3 per day, 4-5 per day, 6+ per day. These responses were converted
into daily servings of 0, 0.07, 0.14, 0.43, 0.79, 1, 2.5, 4.5, and 6 cups,
respectively. Coffee intake was not differentiated by caffeinated or
decaffeinated state and was reported by average serving size as small,
medium, or large. A small serving size was characterized as a half cup
of coffee, a medium serving was a full cup, and a large serving was
1.5 cups. Using these calculations, we divided average daily coffee
consumption into quartiles of 0 cups/day, intermittent nonhabitual
(<0.5 cups/day), ≥0.5 to <1.5 cups/day, and ≥1.5 cups/day.
MESA participants or a proxy were contacted by phone every 9 to
12 months to identify all new hospitalizations. Trained staff obtained
medical records for all reported hospitalizations and discharge
diagnosis International Classification of Diseases, Ninth Revision
(ICD-9) codes. AF was identified by: (1) an ICD-9 code for AF
(427.31) in any position assigned at hospital discharge, (2) an ICD-9
code for atrial flutter (427.32) in any position assigned at hospital
discharge, (3) by study electrocardiogram at a single follow-up visit
(2010-2012) (with electrocardiograms reviewed by the study events
committee), or (4) for those enrolled in fee-for-service Medicare
(55% of the cohort), by an inpatient or outpatient claim with an
AF or atrial flutter ICD-9 diagnosis code in any position, using
methods adapted from the Cardiovascular Health Study [15]. Hospital
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discharge diagnosis data and Medicare claims data were available
through December 2014. The date of incident AF was defined as the
first date AF was noted either by study electrocardiogram or a single
ICD-9 code in any position in cohort hospitalization monitoring
or Medicare inpatient or outpatient claims data. A review of 16
validation studies determined that the use of the ICD-9 codes to
identify AF events has relatively good performance [16].
Participants with preexisting AF (66), incomplete FFQs with
>70 questions left blank (282), and lacking clinical covariates (494)
were excluded from the analyses leaving 5,972 eligible participants.
Baseline characteristics were initially compared across quartiles of
coffee consumption using analysis of variance or the Chi-square test
of proportions for continuous and categorical variables, respectively.
Multivariable-adjusted Cox proportional hazards regression
models were used incorporating time from baseline to incident AF or
censoring at death, dropout, or end of the analysis period, December
2014. The lowest approximate quartile corresponding to participants
who reported zero coffee consumption was used as the reference
category. Nested models with progressive degrees of adjustment
were constructed to account for various confounding factors. The
first model adjusted for demographic data including age, gender, and
race/ethnicity. The second model additionally adjusted for education
(less than college degree, college degree, more than college degree),
body mass index, systolic BP, diastolic BP, taking antihypertensive
medication, diabetes mellitus, LDL-C, and HDL-C. The final model
was further adjusted for possible lifestyle confounders including
ever/former/current alcohol drinker, daily alcohol intake (g/day),
ever/former/current cigarette smoker, pack year smoking history,
moderate-vigorous physical activity, and total energy intake, which
was calculated from the FFQ. This hierarchial model procedure
allowed for examining whether age, gender, and race, first, standard
risk factors second, or lifestyle confounders lastly might attenuate
any relationships observed between coffee consumption and AF risk.
We tested for heterogeneity by including age, gender, education, and
race/ethnicity by including interaction of coffee consumption with
each covariate, testing statistical significance using the Wald test. A
full multivariable model is also provided showing all covariates and
their relationships to risk of incident AF.
P-values less than 0.05 were considered statistically significant.
All statistical analyses were conducted using Stata (version 12.0,
StataCorp, College Station, TX, USA).

Results

Characteristics at baseline according to categories of coffee
consumption are shown in [Table 1]. Participants were on average
63 ± 10 years old, 47% male, and 40% Caucasian. During 14 years
of follow-up a total of 828 incident AF events were identified. The
percentage of participants who developed AF in each quartile (0, <0.5,
≥0.5-1.5, and ≥1.5 cups per day of coffee) was 12.0%, 14.6%, 15.0%,
and 14.1%, respectively. The frequency of AF episodes is consistent
with prior studies that have looked at this population. Those who
drank more coffee tended to be male, be of Caucasian race, and have
higher education. They were more likely to be cigarette smokers and
consumed more alcohol.
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Baseline characteristics of participants in the Multi-Ethnic Study
of Atherosclerosis (MESA), by approximate quartile of daily
coffee consumption
0 cups
coffee

Nonhabitual
(<0.5 cups
coffee)

≥0.5-1.5
cups
coffee

≥1.5 cups
coffee

Total

1651

1508

1378

1435

Number of AF events

198

221

207

202

% AF events

12.0%

14.7%

15.0%

14.1%

Male

46.4%

45.7%

43.2%

54.2%

Female

53.6%

54.3%

56.8%

45.8%

Age (years)

62 (10)

63 (10)

64 (10)

62 (10)

Caucasian

29.1%

25.2%

42.5%

66.4%

Chinese

19.6%

16.0%

5.2%

2.4%

African American

34.5%

34.5%

26.6%

16.1%

Hispanic

16.8%

24.3%

15.1%

16.2%

p <0.001

Gender

p=0.001
p <0.001

Race

Figure 1:
p <0.001

Education
Less than Bachelor's

61.7%

59.1%

51.2%

52.4%

Bachelor's

12.1%

16.9%

24.0%

18.8%

Master's or doctorate

26.2%

24.0%

24.8%

28.8%

BMI, kg/m2

27.8 (5.7)

28.3 (5.5)

28.6
(5.3)

28.6 (5.2)

Cigarette smoking

Table 2:
Coffee intake
(cups/day)

Total

0 cups/day

Nonhabitual
(<0.5 cups/day

≥0.5-1.5
cups/day

≥1.5 cups/
day

p <0.001

Total AF
events/n (%)

828/5972
(13.9)

198/1651
(12.0)

221/1508
(14.6)

207/1378
(15.0)

202/1435
(14.1)

Model 1 HR
(95% CI)

1 (referent)

1.23* (1.011.49)

1.06 (0.961.17)

1.07* (1.001.15)

Model 2 HR
(95% CI)

1 (referent)

1.23* (1.011.49)

1.06 (0.961.17)

1.07* (1.001.15)

Model 3 HR
(95% CI)

1 (referent)

1.22* (1.011.48)

1.03 (0.931.14)

1.05 (0.971.13)

61.5%

54.9%

46.3%

36.0%

Former

29.9%

34.7%

40.6%

46.2%

Current

8.6%

10.4%

13.1%

17.8%

Smoking pack-years

8 (18)

9 (18)

11 (18)

19 (28)

p <0.001

Diabetes mellitus

12.5%

11.0%

10.2%

6.6%

p <0.001

Hypertension (taking
antihypertensives,
SBP/DBP ≥130 / ≥80
mmHg)

61.5%

62.9%

63.6%

54.9%

p <0.001

LDL cholesterol, mg/dL

116 (32)

118 (32)

118 (32)

118 (29)

Never

29.1%

22.1%

16.0%

9.3%

Former

25.4%

23.8%

22.9%

21.2%

Current

45.5%

54.1%

61.1%

69.5%

Alcohol consumption
(g/day)

2.5 (7.2)

4.3 (12.3)

5.4
(12.7)

9.1 (16.6)

p <0.001

Soda consumption
(cans/day)

0.39
(1.08)

0.31 (0.76)

0.38
(0.85)

0.42
(0.94)

p <0.001

Diet soda consumption
(cans/day)

0.39
(1.11)

0.34 (0.96)

0.44
(1.05)

0.60
(1.21)

p <0.001

Black tea consumption
(cups/day)

0.40
(1.05)

0.30 (0.75)

0.25
(0.74)

0.25
(0.84)

p <0.001

p <0.001
p <0.001

Entries are N (%) for categorical variables and mean (± standard deviation) for continuous variables.
Differences between groups were analyzed by analysis of variance (ANOVA) for continuous variables,
and by χ2 test for categorical variables.

In an unadjusted model looking at the cumulative incidence of
AF over time [Figure 1], a Kaplan Meier curve demonstrated an
increased risk of AF development in both nonhabitual (<0.5 cups/
day) and habitual users (≥0.5 cups/day) compared to participants
who drank no coffee.
After adjustment for demographics, participants in the second
(nonhabitual, <0.5 cups/day) quartile had a statistically significant

www.jafib.com

Risk of atrial fibrillation by quartile of coffee consumption in
MESA

p <0.001

Never

Alcohol

Kaplan-Meier estimates of the percentages of participants who
developed AF.

*p < 0.05
Model 1: adjusted for sex, age, and race/ethnicity
Model 2: as model 1 and education, BMI, SBP, DBP, taking antihypertensives, diabetes, LDL, HDL
Model 3: as model 2 and never/former/current alcohol drinker, daily alcohol intake, never/former/
current tobacco user, pack years, daily soda intake, daily diet soda intake, daily tea intake

increased risk of AF (HR 1.23, 95% CI 1.01-1.49) The association
in the nonhabitual group persisted after adjustment for various
cardiovascular and dietary risk factors in three hierarchical models
(HR 1.22, 95% CI 1.01-1.48)[Table 2]. The association was not
dose-dependent as there was no significant difference in AF risk
from zero coffee consumption if daily coffee consumption exceeded
half a cup per day.
No significant heterogeneity in the association of coffee intake
with AF was observed among subgroups defined by age, gender,
education, or race/ethnicity (p >0.05 for each interaction). The risk
of AF in the nonhabitual group appeared particularly pronounced in
males with a HR of 1.36 (95% CI 1.04-1.77) after adjustment for
risk factors.
In our full multivariable model [Table 3], in addition to the low
dose coffee consumption relation previously noted, age, male sex,
body mass index, current smoking, and pack years of smoking were
all significantly associated with higher risks for incident AF, while
African-American ethnicity and daily tea intake were associated
with lower risks for incident AF.
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Discussion

In this large prospective study, nonhabitual intermittent coffee
consumption, which we defined as less than a half cup of daily coffee,
was associated with a modest increase in the risk of AF, a finding
which persisted in fully-adjusted models. However, there was no
increased AF risk if daily coffee consumption exceeded a half cup
per day. We have built on the findings of the previous cohort studies,
which did not identify a dose-dependent relationship of increasing
coffee intake to risk of AF and were encapsulated in a recent review
[17]
. In 1976, Klatsky et al administered a survey of coffee and tea
consumption to 130,000 patients in the Kaiser Permanente health
system and followed them until 2008. The study revealed that
consumption of four or more cups of coffee per day was associated
with an 18% reduction in the risk of hospitalization for arrhythmias,
including AF [18]. However, this finding has not been consistent
across all studies examining AF incidence and coffee consumption.
The Danish Diet, Cancer, and Health cohort study demonstrated
that there was no increased risk of AF with consumption of coffee
across increasing sextiles of coffee intake in 57,053 participants after
a follow-up of 13.5 years until consumption exceeded >6 cups [19].
Table 3:

Multivariate analysis of demographic, cardiovascular, and
dietary risk factors in relation to incident atrial fibrillation
Odds ratio

p-value

Age (years)

1.09 (1.08-1.10)

<0.001

Gender (M vs. F)

1.5 (1.26-1.79)

<0.001

<0.5 cups/day vs. none

1.22 (1.01-1.48)

0.04

≥0.5-<1.5 cups/day vs. none

1.03 (0.93-1.14)

0.54

≥1.5 cups/day vs. none

1.05 (0.97-1.13)

0.24

Chinese vs. Caucasian

1.02 (0.78-1.34)

0.87

African American vs. Caucasian

0.81 (0.73-0.90)

<0.001

Hispanic vs. Caucasian

0.93 (0.86-1.002)

0.06

Bachelor’s vs. less than Bachelor’s

1.08 (0.89-1.31)

0.44

more than Bachelor’s vs. less than

1.02 (0.93-1.12)

0.69

1.1 (1.01-1.21)

0.01

former vs. never

0.97 (0.79-1.18)

0.74

current vs. never

1.23 (1.04-1.45)

0.02

Smoking pack-years

1.005 (1.001-1.008)

0.002

Diabetes mellitus (yes vs. no)

1.03 (0.96-1.11)

0.36

LDL cholesterol (per 10 mg/dL)
HDL cholesterol (per 10 mg/dL)

0.98 (0.96-1.01)
1.03 (0.98-1.08)

0.18
0.29

former vs. never

1.02 (0.81-1.29)

0.85

current vs. never

0.94 (0.85-1.04)

0.24

Alcohol consumption (g/day)

1.001 (0.996-1.01)

0.67

Daily soda intake (cans/day)

1.001 (0.91-1.10)

0.97

Daily diet soda intake (cans/day)

0.99 (0.93-1.07)

0.87

Daily tea intake (cups/day)

0.89 (0.81-0.99)

0.03

Coffee consumption		

Race		

Education

Bachelor’s
Per Unit BMI (kg/m2)
Cigarette smoking

Alcohol

www.jafib.com

The Women’s Health Study confirmed these findings in a selected
population of healthy 33,738 middle-aged women after a median
follow-up of 14.4 years [20]. The Physician’s Health Study was the
most recent cohort study that examined this relationship, and found
that out of 18,960 male physicians, there was a slight decrease in
incident atrial fibrillation in those who drank 1-3 cups of coffee per
day after a follow-up of 9 years [21]. It should be noted, also, that the
Women’s Health Study analyzed exclusively caffeinated coffee, while
the Danish study and the Physician’s Health Study did not distinguish
between whether the coffee was caffeinated or decaffeinated. In
meta-analyses, cohort studies did not support an association between
coffee consumption and development of AF [11-13].
To our knowledge our study is the first to investigate effects of
coffee consumption in the nonhabitual group, as prior studies
characterize the lowest group of coffee consumption as ranging from
less than 1 to 1-4 cups per day [11-13].
Many patients with paroxysmal AF indicate coffee intake and
vagal activity as triggering factors for arrhythmia [22,23]. However, the
cohort studies mentioned above as well as direct electrophysiologic
monitoring indicate that this effect not does appear to be sustained
with long-term use. In a study consisting of 1,388 participants
undergoing 24-hour Holter monitoring, there was no association
noted between higher caffeine intake and atrial or ventricular
premature beats [24].
A proposed mechanism for this finding is the development
of increased tolerance to the effects of coffee in the acute setting.
Caffeine acts on the heart by binding to the A1 and A2 subtypes
of the adenosine receptor. In intermittent doses, endogenously
released adenosine may shorten atrial refractoriness and predispose
to arrhythmias. However, it is possible that habituation could develop
with long-term use. Coffee could theoretically confer cardioprotection
from AF with habitual intake by attenuating the effects of endogenous
adenosine. A controlled trial in dogs found that escalating doses of
caffeine decreased propensity for atrial fibrillation [25], and a study
of 68 patients in the emergency department who ingested caffeine
had decreased responsiveness to a 6 mg bolus of adenosine in the
treatment of supraventricular tachycardias [26]. Additionally, coffee
has been recently demonstrated to attenuate the affect of coronary
vasodilation as detected on myocardial perfusion scintigraphy [27].
There is evidence to suggest that coffee has different effects on
cardiac physiology in habitual drinkers compared to nonhabitual
drinkers [28]. In a study conducted in Switzerland, nonhabitual coffee
drinkers developed acute increases in systolic BP 30-60 minutes
after drinking a triple espresso coffee; habitual drinkers did not
demonstrate similar findings despite undergoing similar increases in
heart rate and sympathetic muscle tone [10]. In the same population,
the authors also demonstrated that coffee blunted the blood pressure
response to mental stress in habitual, but not in nonhabitual, drinkers
[29]
. Similar findings have been demonstrated in a study conducted
on a Japanese population [30]. There is also evidence to suggest that
transient exposure to coffee has an increased risk of triggering
myocardial infarction in those with occasional coffee intake
compared to nondrinkers; this effect is attenuated with increasing
cups [31]. While the definition of “nonhabitual” is not standardized for
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the time being, most studies characterize it as between the range of
less than one cup a day to less than two cups a week.
Our study has strengths and limitations. An important strength
is the consistent standardized assessment of coffee intake as well as
evaluation of AF. Our study includes both genders, encompasses a
broad range of racial and ethnic diversity, and adjusts for additional
risk categories related to smoking and alcohol consumption (packyears and g of alcohol intake) compared to previous cohort studies.
Ours is also the first to utilize the modified definition of hypertension
of systolic blood pressure (BP) ≥130 mmHg and/or diastolic BP
≥80 mmHg as defined by the ACC/AHA guidelines established in
2017 [32]. With this in mind, prospective studies such as ours cannot
infer causality between coffee consumption and risk of AF. FFQs
by nature are subject to recall bias and underreporting, and the
limitations of nutritional epidemiology have been addressed in many
editorials [33,34]. AF events were not classified by duration (paroxysmal
versus persistent versus permanent), and the AF incidence is likely
underestimated as regular EKGs were not performed in this cohort
to determine the presence of asymptomatic AF, which is common
in the older population; however, there is no reason to believe
any underreporting of AF would be different according to coffee
consumption status. Furthermore, because coffee consumption
was assessed only at baseline, our study may not reflect long-term
behavioral patterns or the effects of changes in coffee consumption.
Other limitations include potential residual confounders such as
presence of obstructive sleep apnea and sleep patterns, for which
data in this cohort was only collected in a limited subset, as well as
outcome ascertainment bias in patients with limited access to health
care.
We did not directly quantify total caffeine intake in this study. This
is because the FFQ did not draw a distinction between decaffeinated
and caffeinated coffee, although even had the survey parsed the
two, quantifying total caffeine content would be problematical. The
caffeine content in a cup of coffee is variable, even if brewed from
the same outlet; a standard 8-oz cup of coffee can contain anywhere
between 95-200 mg of caffeine [35,36]. Furthermore, it is important
to emphasize that caffeine and coffee are not synonymous, and
conflation of the two oversimplifies the effect coffee may have on
cardiovascular health. In a study of 15 volunteers, intravenous caffeine
infusion induced similar increases in muscle sympathetic activity and
blood pressure in both habitual and nonhabitual coffee drinkers.
However, drinking a cup of coffee increased blood pressure in only
the nonhabitual drinkers despite comparable increases of muscle
sympathetic activity and plasma caffeine levels in both populations
[10]
.
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Conclusion

Our findings support the previously reported studies in which there
appears to be no dose-response association between coffee intake and
AF risk. However, our study finds evidence that intermittent, but not
habitual, coffee consumption, which is defined as <0.5 cups of daily
coffee, might be associated with a modestly increased risk of incident
AF in a healthy population free of cardiovascular disease. Further
research is needed to clarify the relationship of coffee consumption,
especially intermittent use, with the risk of incident and recurrent AF
in regard to the biological mechanism and subgroups in which the
effect is particularly pronounced.
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Abstract

Background
Family history has been shown to be associated with increased risk of atrial fibrillation (AF). However, the specific AF characteristics
that travel with a family history have not yet been elucidated. The purpose of this study was to determine whether a family history of AF is
associated with specific patient characteristics in a worldwide, remote cohort.
Methods
From the Health eHeart Study, an internet-based prospective cohort, we performed a cross-sectional analysis of AF participants who
reported their family history and completed questionnaires regarding their medical conditions and AF symptoms. We assessed demographics,
cardiovascular comorbidities, and AF symptom characteristics in AF participants with and without a family history of AF.
Results
In multivariable analysis of 5,884 participants with AF (mean age 59.9 ± 14.5, 59% male, 92% white), female sex (odds ratio [OR]=1.35,
95% CI, 1.17-1.54, p<0.0001) and birth in the U.S. (OR=2.54, 95% CI, 2.12-3.05, p<0.0001) were independently associated with having a
family history of AF. Having a family history of AF was also more commonly associated with symptoms of shortness of breath (OR=1.40,
95% CI, 1.07-1.82, p=0.014), chest pain, pressure, or discomfort (OR=1.95, 95% CI, 1.22-3.13, p=0.0052), and feeling generally “off” about
oneself (OR=1.84, 95% CI, 1.27-2.67, p=0.0013).
Conclusions
Patients with a family history of AF are more likely to be female, be US-born, and experience symptoms of AF, suggesting underlying
mechanistic differences between those with and without family history of AF.

Introduction

Atrial fibrillation (AF) is the most common arrhythmia, affecting
millions of Americans and rapidly increasing in both incidence and
prevalence [1-4]. AF doubles mortality and is a common cause of
stroke [1,2]. Though the mechanisms underlying AF remain largely
unknown, established risk factors, such as age, male sex, white race,
hypertension, and other comorbidities, have been identified [5,6]. A
family history of AF has similarly emerged as a well-established
risk factor for the disease [5-9]. Several common genetic variants have
been associated with an increased susceptibility to AF [8,10,11], but
the mechanisms underlying those associations remain unclear. One
previous registry-based study in the US suggested that patients with
a family history of AF develop the disease at a younger age, have
less comorbidities, and are more symptomatic [12], but no additional
studies have examined these relationships. We therefore sought to
compare the characteristics of AF patients with and without a family
history of the disease in a worldwide, remote cohort.
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Methods
Study design

We utilized data collected between March 8, 2013 and October
25, 2017 from the Health eHeart Study (www.health-eheartstudy.
org), an online-based prospective, longitudinal cohort study. Englishspeaking adults each with an active email were recruited through
academic institutions, lay press, social media and promotional
events. Upon enrollment, all participants provided informed
consent electronically and were asked to complete a series of online
questionnaires regarding demographics, personal and family medical
history, habits, symptoms, and quality of life [Supplementary Table
1]. The Health eHeart Study was approved by the UCSF Institutional
Review Board.

Assessment of atrial fibrillation and family history

AF was determined by responses to the question, “Have you ever
been told by a doctor or nurse that you have, or have been treated for,
atrial fibrillation (in the past or currently)?” with response options
“Yes”, “No” and “Don’t know.” We included only participants who
responded “yes” and treated those who responded as “Don’t know” as
missing. This approach was previously validated using medical record
data among 42 patients [13]. To identify those with any family history
of AF, we included participants who reported any family member
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Table 1:

Baseline characteristics of atrial fibrillation participants with
and without any family history of the disease.
No Family History of AF
(n = 4600)

Family History of AF
(n = 1284)

56.9 ± 15.4

60.4 ± 11.2

Sex
Male

2009 (61%)

647 (52%)

Female

1269 (39%)

607 (48%)

USA

2336 (71%)

1085 (87%)

Other

939 (29%)

169 (13%)

Atrial fibrillation symptoms (check all that apply)
138 (11%)

0.33

2675 (58%)

807 (63%)

0.0025

SOB

364 (8%)

152 (12%)

<0.0001

<0.0001

Difficulty exercising

94 (2%)

25 (2%)

0.83

<0.0001

Chest pain/pressure/
discomfort

78 (2%)

36 (3%)

0.01

Dizziness

85 (2%)

16 (1%)

0.14

Feeling generally tired

69 (2%)

21 (2%)

0.73

117 (3%)

57 (4%)

0.0004

Other

45 (1%)

12 (1%)

0.89

Don't know

540 (12%)

139 (11%)

0.14

Feeling generally "off" your
normal self

Black

50 (1%)

20 (2%)

White

2998 (92%)

1144 (91%)

Asian

89 (3%)

29 (2%)

Native Hawaiian

4 (0.1%)

0 (0%)

American Indian

8 (0.2%)

9 (0.7%)

Other

51 (2%)

15 (1%)

Don't know

3 (0.09%)

1 (0.08%)

170 (5%)

50 (4%)

0.09

Hypertension

2357 (51%)

676 (53%)

0.38

Diabetes

589 (13%)

155 (12%)

0.48

Coronary artery disease

1029 (22%)

245 (19%)

0.011

Heart attack

583 (13%)

151 (12%)

0.38

Congestive heart failure

734 (16%)

187 (15%)

0.22

Stroke or TIA

533 (12%)

120 (9%)

0.023

Congenital heart disease

433 (9%)

102 (8%)

0.10

Obstructive sleep apnea

1238 (27%)

346 (27%)

0.85

COPD

354 (8%)

104 (8%)

0.70

Asthma

544 (12%)

155 (12%)

0.91

Cardiac arrest

316 (7%)

81 (6%)

0.43

Implantable device

3802 (84%)

1088 (85%)

0.33

History of smoking regularly

910 (53%)

707 (56%)

0.05

Current smoker

63 (4%)

46 (4%)

0.99

Did you drink alcoholic
beverages in the past year?

1334 (77%)

971 (77%)

0.93

Did you drink alcohol more than
once or twice in the past?

248 (63%)

186 (66%)

0.54

Drinks of wine/week

4.2 ± 28.1

3.4 ± 5.9

0.38

Drinks of beer/week

1.9 ± 9.5

1.3 ± 3.4

0.061

Drinks of hard liquor/week

1.4 ± 4.2

1.4 ± 4.4

0.098

Drinks in the past 24 hours

0.9 ± 2.6

0.9 ± 1.7

0.071

Approximately how many years
ago did you stop drinking?

56.3 ± 289.4

46.2 ± 243.5

0.70

What is the usual number of
drinks you consumed per week
before you stopped?

13.3 ± 35.9

10.2 ± 19.6

0.29

Symptoms when first
diagnosed?

3092 (76%)

1005 (80%)

0.006

Paroxysmal AF

1953 (48%)

627 (50%)

0.29

Hx of cardioversion

1286 (32%)

394 (31%)

0.80

Hispanic (ethnicity)

0.12

540 (12%)

0.17

Race/Ethnicity, n (%)

330 (26%)

Palpitations

<0.0001

Country of birth

976 (24%)

Never have symptoms
p-value

Basic demographics
Age, mean ± SD, years

Hx of AF ablation

Medical history

Figure 1:

Geographical distribution of Health eHeart participants with atrial
fibrillation.

Each dot represents at least one participant in a given zipcode. Blue dots indicate those with a
family history of atrial fibrillation, while orange dots indicate those without a family history of atrial
fibrillation.

Smoking history

Alcohol Use

Atrial fibrillation history
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Figure 2:

Multivariable adjusted relationships between
characteristics and any family history of AF.

participant

(A) Adjusted for relevant demographics, medical history and habits. (B) Additionally adjusted for
relevant AF- and symptom-related history. Models were adjusted for all covariates listed. Statistically
significant relationships are in bold. Y error bars denote 95% confidence intervals.
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Table 2:

Baseline characteristics of atrial fibrillation participants with
and without a first-degree family history of the disease.
No First-Degree Family
History of AF
(n = 5136)

First-Degree Family
History of AF
(n = 748)

p-value

Basic demographics
57.0 ± 15.5

58.7 ± 12.8

0.0003

Male

2266 (60%)

390 (54%)

0.004

Female

1540 (40%)

336 (46%)

Age, mean ± SD, years
Sex

Country of birth
USA

2801 (74%)

620 (85%)

Other

1002 (26%)

106 (15%)

<0.0001

Race/Ethnicity, n (%)

Hx of AF ablation

1098 (24%)

208 (28%)

0.012

Atrial fibrillation symptoms (check all that apply)
Never have symptoms

610 (12%)

68 (0.09%)

0.026

Palpitations

3008 (59%)

474 (63%)

0.012

SOB

432 (8%)

84 (11%)

0.011

Difficulty exercising

103 (2%)

16 (2%)

0.81

Chest pain/pressure/
discomfort

89 (2%)

25 (3%)

0.0029

Dizziness

93 (2%)

8 (1%)

0.15

Feeling generally tired

79 (2%)

11 (1%)

0.89

133 (3%)

41 (5%)

<0.0001

Other

45 (1%)

12 (2%)

0.58

Don't know

610 (12%)

68 (9%)

0.026

Feeling generally "off" your
normal self

Black

64 (2%)

6 (0.83%)

White

3458 (91%)

684 (94.34%)

Asian

103 (3%)

15 (2.07%)

Native Hawaiian

4 (0.1%)

0 (0.00%)

American Indian

17 (0.5%)

0 (0.00%)

Other
Don't know

61 (2%)
3 (0.08%)

5 (0.69%)
1 (0.1%)

198 (5%)

22 (3%)

0.012

Hypertension

2657 (52%)

376 (50%)

0.45

Diabetes

667 (13%)

77 (10%)

0.038

Coronary artery disease

1148 (22%)

126 (17%)

0.0006

Heart attack

662 (13%)

72 (10%)

0.011

Congestive heart failure

818 (16%)

103 (14%)

0.13

Stroke or TIA

583 (11%)

70 (9%)

0.10

Congenital heart disease

488 (10%)

47 (6%)

0.0041

Obstructive sleep apnea

1376 (27%)

208 (28%)

0.68

COPD

398 (8%)

60 (8%)

0.85

Asthma

617 (12%)

82 (11%)

0.36

Cardiac arrest

357 (7%)

40 (5%)

0.090

Implantable device

832 (16%)

105 (14%)

0.10

(A)Adjusted for relevant demographics, medical history and habits. (B) Additionally adjusted for
relevant AF- and symptom-related history. Models were adjusted for all covariates listed. Statistically
significant relationships are in bold. Y error bars denote 95% confidence intervals.

History of smoking regularly

1047 (46%)

324 (44%)

0.35

Current smoker

86 (4%)

23 (3%)

0.41

Did you drink alcoholic
beverages in the past year?

1732 (77%)

573 (79%)

0.29

(either immediate or extended) with AF. If participants were unsure,
the answer was considered negative. Participants were considered to
have a first-degree family history of AF if they self-reported at least
one biological sister, brother, father, or mother with AF.

Did you drink alcohol more than
once or twice in the past?

336 (65%)

98 (64%)

0.82

Drinks of wine/week

4.0 ± 24.9

3.6 ± 5.3

0.76

Drinks of beer/week

1.7 ± 8.1

1.5 ± 5.6

0.76

Drinks of hard liquor/week

1.4 ± 4.0

1.4 ± 5.0

0.77

Drinks in the past 24 hours

0.8 ± 2.4

1.0 ± 1.5

0.25

Approximately how many years
ago did you stop drinking?

57.7 ± 291.4

32.5 ± 181.1

0.42

What is the usual number of
drinks you consumed per week
before you stopped?

12.4 ± 32.5

10.4 ± 19.2

0.55

Symptoms when first
diagnosed?

3517 (75%)

580 (78%)

0.20

Paroxysmal AF

2215 (48%)

365 (49%)

0.53

Hx of cardioversion

1448 (31%)

232 (31%)

0.96

Hispanic (ethnicity)

0.076

Medical history

Smoking history

Alcohol Use

Atrial fibrillation history
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Figure 3:

Multivariable adjusted relationships between participant
characteristics and a first-degree family history of AF.

Covariate ascertainment

Self-identified race was categorized as white, black, Asian, Native
Hawaiian/Pacific Islander, American Indian, or other. Hispanic
ethnicity was also assessed. Smoking status was ascertained as never,
past, or current smoker, with regular use defined as at least 1 cigarette
per day or a total of 100 cigarettes in one’s lifetime. Alcohol use
was assessed through self-report of consumption over the past year
and number of drinks a week. Medical history was determined by
participant report that they had specifically received a diagnosis of
one of the following from a healthcare professional [Supplementary
Table 1]: hypertension, diabetes, coronary artery disease, heart
attack, congestive heart failure, cerebrovascular accident (stroke or
transient ischemia attack), congenital heart disease, and obstructive
sleep apnea. Participants with AF were also asked specific questions
regarding their AF history and associated symptoms.
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Statistical analysis

Normally distributed continuous variables are presented as means
± SD and were compared using unpaired t-tests. Non-normally
distributed continuous variables are presented as medians and
interquartile ranges and were compared using Wilcoxon ranksum tests. Categorical variables were compared using x2 tests.
Multivariable analysis was performed with logistic regression
analysis, including only co-variates that exhibited p values < 0.05
in unadjusted analyses. We first performed an analysis to assess
relationships between demographics, medical comorbidities, habits
and a family history of AF; we then analyzed relationships between a
family history and characteristics of the participant’s AF itself (such
as AF type and associated symptoms) after adjusting for relevant
demographics, medical conditions and habits. All analyses were
performed using SAS Version 9.4. Two-tailed p values < 0.05 were
considered statistically significant.

Results
Any family history of atrial fibrillation

At the time of study analysis, 76,973 of 137,648 Health eHeart
participants (49.4%) had completed the survey for medical
conditions. Of those, 5,884 (7.6%) reported a diagnosis of AF. Of
those with AF, 1,284 (21.8%) had a family history of AF [Figure
1] and [Supplementary Figure 1]. [Table 1] shows the baseline
characteristics among those with and without a family history of
AF. Those with a family history of AF tended to be older, female,
more often from the US, and less often with a history of coronary
artery disease or a history of a cerebrovascular accident [Table 1]. In
addition, those with a family history were more likely to experience
symptomatic AF when they were first diagnosed and continued to
manifest more symptoms of AF than AF patients without a family
history.
In a multivariable adjusted analysis including relevant
demographics, past medical history and habits, those with a family
history of AF had a statistically significant 35% greater odds of being
female and also had more than 2-fold greater odds of being born in
the US [Figure 2]. After including AF-related history and symptoms
that met criteria for inclusion in the multivariate model, being female
and being born in the US remained significantly associated with a
family history of AF [Figure 2]. In addition, AF patients with a
family history of AF were more likely to report AF-related shortness
of breath, chest pain, pressure, or discomfort, or feeling “off ” about
one’s normal self after adjusting for baseline characteristics [Figure
2].

First-degree family history of atrial fibrillation

Of those with AF, 768 (13.7%) had at least one first degree family
member with AF. Baseline characteristics of those with and without
first-degree family history are reported in [Table 2]. Those with a
first-degree family history of AF were more likely to be older, female,
and from the US, but less likely to be of Hispanic ethnicity and have
diabetes, coronary artery disease, and congenital heart disease [Table
2]. Though there was no significant differences in having paroxysmal
AF or history of cardioversion, those with a first-degree family
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history of AF were more likely to have had an AF ablation. As with
those with any family history of AF, those with a first degree family
history were more likely to experience a variety of symptoms during
their AF episodes [Table 2].
In a multivariable adjusted analysis including demographics,
medical history and habits, older age, female sex, and being born in
the US were each significantly associated with having a first-degree
family history of AF [Figure 3]. When AF characteristics (including
AF type, AF-related history, and AF-related symptoms) were also
added to the multivariable model, having a first-degree family history
of AF was significantly associated with reporting symptoms of chest
pain, pressure, or discomfort and feeling generally “off ” about oneself
during AF episodes [Figure 3].

Discussion

Among a large, remote cohort of AF patients, a family history of
AF was more commonly observed in women and those born in the
US. Those with a family history of AF exhibited more symptomatic
AF. Our study validates the results of a previous registry-based study
that females and those with more symptoms during AF are more
likely to report a family history of the disease [12], extending those
findings to a worldwide cohort.
The reasons for the consistent relationship between female sex and
a family history of AF are unclear. This would appear to run contrary
to the consistent observation that women are at a lower risk for AF
than men [7,16,17]. Of note, the mechanisms underlying that difference
have not been fully elucidated, may be multifactorial, and may be
related to differences in body (and left atrial) size and or hormonal
influences [18-20]. It is important to acknowledge that women may
simply be more likely to report a family history of AF (even in the
absence of an actual greater prevalence of a family history) because
they are more attune to their family members’ health history [21]. This
itself may yet be clinically relevant information when considering the
reliability of the family history from men versus women. Assuming
there is truly a relationship between female sex and a family history
of AF, these findings may point to some sex-related mechanisms
that affect the penetrance of AF-related genes. In light of the overall
greater prevalence of AF among men, such a finding would also
suggest that the sex-specific differences influencing AF risk would
be potent enough to otherwise suppress the emergence of AF in the
general population of women.
In our international cohort, we were able to demonstrate that USborn participants were more likely to report an AF family history.
Again, it is difficult to know whether this has more to do with the
awareness of health problems and AF among American families
versus a “true” phenomenon. It is possible that there are some genetic
differences that render certain populations more prone to AF among
those more likely to migrate to the US. There may also be some geneenvironment interactions that are disproportionally influenced by
some particular exposure in the US.
It is well known that AF patients can experience a variety
of sensations during their episodes, ranging from completely
asymptomatic to suffering debilitating symptoms [22]. While some of
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Table 1:

Smoking history

Online questionnaires from the Health eHeart Study

Basic demographics
1. What is your biological sex?

□ Male
□ Female

2. Where were you born (country)?

□ U.S.A.
□ Mexico
□ China
□ India
□ Philippines
□ Other country

3. What is your racial background? Check
all that apply.

4. Are you of Hispanic, Latino or Spanish
origin or ancestry?

□ Black or African American
□ White
□ Asian (including South Asian and Asian
Indian)
□ Native Hawaiian or Pacific Islander
□ American Indian or Alaska Native
□ Some other race
□ Don’t know
□ No
□ Yes, Mexican, Mexican American or Chicano
□ Yes, Puerto Rican
□ Yes, Cuban
□ Yes, Other or Mixed Hispanic, Latino or
Spanish origin
□ Don’t know

Medical history
Have you ever been told by a doctor or nurse that you have, or have been treated for, any of
the following conditions (in the past or currently?)

1. Have you ever smoked cigarettes
regularly (at least 1 cigarette per day and a
total of 100 cigarettes in your lifetime)?

□ Yes
□ No

2. Do you smoke now?

□ Daily
□ Some days
□ No

Alcohol history
1. Did you drink any alcoholic beverages in
the past year?

□ No
□ Yes
□ Don’t know
□ I refuse to answer

2. Did you drink alcohol more than once or
twice in the past?

□ No
□ Yes
□ Don’t know
□ I refuse to answer

3. How many drinks of wine do you usually
have per week? A drink is a 5-ounce glass.
Round down.

_____ drinks per week

4. How many drinks of beer do you usually
have per week? One beer is a 12-ounce
glass, can, or bottle. Round down.

_____ drinks per week

5. How many drinks per week do you usually
have of hard liquor? Count each shot, which
is 1 ½ ounces, as one drink. Round down

_____ drinks per week

6. During the past 24 hours, how many
drinks have you had?

_____ drinks per week

7. Approximately how many years ago did
you stop drinking? Round do the nearest
year except round ½ down; e.g., record 1
½ as 1).

_____ years

_____ drinks per week

1. Hypertension

□ Yes
□ No
□ Don’t know

8. What was the usual number of drinks you
consumed per week before you stopped?
Write in 00 if less than one drink per week.

2. Diabetes? Do not include pre-diabetes.

□ Yes
□ No
□ Don’t know

Atrial fibrillation history

3. Coronary artery disease (blockages in
your heart vessels) or angina (chest pain)?

□ Yes
□ No
□ Don’t know

4. A heart attack?

□ Yes
□ No
□ Don’t know

5. Congestive Heart Failure (CHF, Heart
Failure)?

□ Yes
□ No
□ Don’t know

6. Stroke or TIA (Transient Ischemic Attack
or Mini-Stroke)?

□ Yes
□ No
□ Don’t know

7. Do you or have you ever had a congenital
heart disease (a heart birth defect)?

□ Yes
□ No
□ Don’t know

8. Sleep apnea (obstructive sleep apnea,
OSA)?

□ Yes
□ No
□ Don’t know

9.COPD (emphysema, chronic bronchitis,
obstructive pulmonary disease)?

□ Yes
□ No
□ Don’t know

10. Asthma, to the point that you use
inhalers daily or have been to the hospital
for your asthma

□ Yes
□ No
□ Don’t know

11. A cardiac arrest?

□ Yes
□ No
□ Don’t know

12. Do you have an implanted device for
your heart? If you have one, you were given
a card which has this information on it.

□ No
□ Pacemaker (not an ICD)
□ ICD (Implantable Cardioverter-Defibrillator)
□ Implanted Loop Recorder or rhythm monitor
(e.g., Reveal, Confirm)
□ Other
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1. Did you have any symptoms (such as
palpitations, dizziness, shortness of breath,
chest discomfort, difficulty exercising, or
generalized ‘feeling bad’) when you were
first diagnosed (or prior to)?

□ Yes
□ No
□ Don’t know

2. Are you in atrial fibrillation all the time?

□ Yes
□ No. It comes and goes on its own
□ No. It has stopped because of a shock to
your heart or because of a medication
□ Don’t know

3. Have you ever had a shock to your check
or cardioversion?

□ Yes
□ No
□ Don’t know

4. Have you ever had an ablation for your
atrial fibrillation?

□ Yes
□ No

5. What symptoms do you have when you
have atrial fibrillation? It’s OK if you only
experience these symptoms sometimes.
Check all that apply.

□ I never have symptoms
□ Palpitations or irregular or “funny”
heartbeats
□ Shortness of breath of difficulty breathing
□ Difficulty exercising or exerting
□ Chest pain, pressure, or discomfort
□ Dizziness
□ Feeling generally tired
□ Feeling generally “off” your normal self
□ Other
□ Don’t know
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the accuracy of an AF diagnosis in the Health eHeart Study and
found it to be very accurate among a small number of patients with
available medical records.[15] In addition, for any misclassification of
AF to be important, there would need to be a differential effect by
predictor (such as family history of AF) for results to be affected.
Although the mean age of our study cohort was 60 and more than
10% were of some race/ethnicity other than non-Hispanic white,
Health eHeart Study participants are not completely representative
of the general population (particularly as they require some ability to
interact on the internet). However, this should limit generalizability
of our findings rather than internal validity. We acknowledge that
“any family history” is both broad and potentially vague, but our
analyses restricted to just a first degree family history did not yield
meaningfully different results. Finally, it is possible that we were
not aware of or did not include other covariates that may have been
important.

Conclusion
Figure 1

Health eHeart Study enrollment of atrial fibrillation participants
with and without a family history of atrial fibrillation.

this variability is likely related to ventricular rates and differences in
AV nodal conduction properties, the reasons some individuals are
more or less symptomatic remain largely unknown. In addition to
hemodynamic effects, there are likely neurologic and psychological
components related to sensitivity to changes in heart rate and
rhythm and reactions to stress [23]. The relationship between having
a family history of AF and having more symptomatic AF was
very consistent in our cohort, both before and after adjustment for
potential confounders and mediators. Those with a family history
more commonly described shortness of breath, chest pain pressver,
or discomfort, and feeling “off ” during their AF episodes. A possible
explanation is that those who tend to be more symptomatic will seek
out more family members with AF. Interestingly, it is also possible
that having symptomatic AF itself is an inherited characteristic,
which would certainly lend itself to becoming more apparent
among family members. Inherited AF tends to be more dominant
in otherwise healthier and younger individuals with the disease
[9,12,24]
, who are more likely to have robust AV nodal conduction and
thus more likely experience symptoms from rapid ventricular rates.
While we demonstrated that older age was associated with having
a first-degree family history, we were not able to determine the age
of diagnosis with our database. Previous studies have reported that
earlier diagnosis of AF in patients and their first-degree relatives is
associated with higher risk of AF [5-7]. Finally, previous studies have
suggested that women tend to experience more AF-related symptoms
and worse quality-of-life than men [25-27]. As the relationship between
female sex and a family history of AF as well as between symptoms
and a family history of AF remained statistically significant after
each was adjusted for the other, those previous studies may reveal a
heritable AF subtype relevant to both relationships.
Our study has several potential limitations. As eluded to above,
these data were based on self-report. However, as also mentioned, even
if this explains the results observed, there may be clinically relevant
lessons that can be gleaned from the data. We previously validated
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Among individuals with AF, a family history of the disease is
more common in women, those born in the US, and those with
symptomatic AF. These differences may help in understanding
mechanisms underlying AF when a family history of the disease is
present and may suggest that symptomatic AF reflects a particular
biological subtype.
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Abstract

Background : As no standardized curriculum exists for training cardiothoracic surgery residents in surgical ablation for atrial fibrillation, there
is potential for variation in operative technique, patient selection, and overall application. Thus we sought to assess the exposure of current
residents in order to identify areas for improvement in their education.
Methods : A survey was emailed to residents inquiring about their training experience in surgical ablation for atrial fibrillation. Residents were
asked about case volume, procedural variety, and guideline-based clinical scenarios where they felt ablation would be appropriate. Residents
were also queried about their abilities to perform various lesion sets and overall satisfaction with training.
Results : The respondents performed a median of five cases during training with pulmonary vein isolation the most common lesion set.
Seventy seven percent of residents are unable to independently perform a bi-atrial (Cox-Maze IV) lesion set. Residents are neutral regarding
their satisfaction with training in surgical ablation for atrial fibrillation.
Conclusions : The findings of low case volume, incomplete lesion set use, and lack of training satisfaction suggests residents are being
insufficiently exposed to surgical ablation of atrial fibrillation. These findings should inform educators on the importance of a more thorough
experience during training given the increasing prevalence of atrial fibrillation and the need for appropriate and durable surgical intervention.

Introduction

Current guidelines support a broad use of concomitant and
stand-alone surgical ablation for atrial fibrillation (AF).[1,2] Given
the expected increase in AF prevalence and the burdens associated
with its sequelae, it is conceivable that more surgeons will be
tasked with performing ablations.[3,4] However, no standardized
curricula exist regarding training in surgical ablation of AF. With
likely substantial variation of lesion sets and the potential for
indiscriminate application of surgical ablation, it remains unknown if
current cardiothoracic (CT) surgical residents are receiving adequate
instruction during training. The consequence of this may result in
inadequate ablation techniques as well as missed opportunities for
patient intervention.[5,6] Hence, we sought to better understand the
current state of ablation education by evaluating current CT surgery
residents’ training experience in surgical AF ablation.
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Methods

The University of Utah Institutional Review Board determined
this study exempt. An anonymous survey was emailed to current
United States CT surgery residents in May 2018. Email addresses were obtained from the Thoracic Surgery Directors Association
(TSDA) list. Senior-level residents (post graduate year six and greater) were included in the final analysis, as they were considered likely
to have had significant or focused exposure to cardiac surgery and
are nearing entering the workforce. The full survey with questions
& response choices appears in the appendix. The total of possible
respondents was based on the number of 2018 senior-level in-service
examinees (n=248). Residents were excluded if their TSDA-supplied
email addresses were non functional (n=36) as was the first author
and other residents at the sponsoring institution (n=4). Participants
were queried on training program characteristics, AF ablation/arrhythmia surgery case volume (non-pacemaker or pacemaker lead related), observed surgical approaches and lesion sets, and management
strategy for the left atrial appendage. Residents were also asked about
their opinion on the appropriate application of stand-alone and concomitant ablation in clinical scenarios based on recent society guidelines. Finally, residents rated their abilities to independently perform
various lesion sets and their overall satisfaction with training in AF
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ablation via five-point Likert scales (“unable/unsatisfied, somewhat
unable/unsatisfied, neutral, somewhat able/satisfied, completely able/
satisfied;” numeric values: 1-5, respectively). Program names and other identifying data, such as region of the country, were not collected
in this study.

Results

Fifty-two senior residents responded yielding a response rate of
25% (52/208). Most are training at two- and three-year “traditional”
residencies (n=45, 86.5%) rather than integrated programs and are
pursuing a “cardiac-focused” path. Residents performed a median
of five ablations (interquartile range [IQR]: 3-10) as the primary
surgeon. Most trainees’ programs do not perform stand-alone
ablation surgery (n= 29, 55.8%). A median sternotomy (94.2%) is the
most employed approach to performing ablations with a pulmonary
vein isolation (PVI) being the predominant lesion set at trainees’
programs (44.2%). A combination of cryothermy and radiofrequency
are the most commonly employed energy sources for creating lesions
(63.4%) and the left atrial appendage is primarily excluded via an
external device ligation (57.7%). Responses to training environment
characteristic questions appear in [Table 1]. The percentages of
responders finding it appropriate to perform concomitant and standalone ablations in various guideline-based clinical scenarios appear
in [Table 2].

Table 1: Survey questions & responses of the 52 senior resident participants
Survey Question

Respondents (n=; %)

What is your current post-graduate year level (PGY) of training?
PGY-6

24; 46.2

PGY-7

20; 38.4

PGY-8

8; 15.4

In which type of training program are you enrolled?
Traditional 2-year

28; 53.8

Traditional 3-year

17; 32.7

Integrated or combined (I-6, 4+3)

7; 13.5

Which training track are you pursuing?
Cardiac

35; 67.3

Thoracic

8; 15.4

None

9; 17.3

Does your program surgical ablation of AF as a stand-alone operation?
No

29; 55.8

Yes

23; 44.2

Which approach does your program use to perform ablation?
(select all that apply)
Median sternotomy

49; 94.2

Thoracoscopic

14; 26.9

Right thoracotomy

8; 15.4

Bilateral thoracotomy

3; 5.8

Residents stated they are “somewhat able” (median: 4, IQR: 3-4)
to independently perform PVI. The majority of residents (86.5%,
n=45) stated they are unable to independently perform a bi-atrial
Cox Maze (CM) III or IV (median: 1, IQR: 1-1.25; median: 2, IQR:
1-3, respectively). Finally, residents stated they are “neutral” (median:
3, IQR 2-4) with regard to their satisfaction in surgical AF ablation
training. Procedural ability and training satisfaction results appear
graphically in [Figure 1]

What is the predominant lesion set used at your program?

Discussion

How does your program manage the left atrial appendage?

Our survey of senior CT surgery residents aimed to examine the
training environment of surgical ablation for AF by evaluating various
components of the resident experience though operative volume,
case diversity, and clinical scenarios based on current guidelines.
With the current recommendations and increasing prevalence of
AF alongside safe and durable surgical techniques, it is likely that
cardiac surgeons will be tasked with performing more ablations.[1-3]
Given that incomplete ablation procedures have been demonstrated
to yield worse long-term outcomes as compared to bi-atrial lesion
sets with regard to maintenance of sinus rhythm, it is imperative that
graduating trainees are competent with both the indications for and
performance of AF ablation surgery.[6]
Although this survey had a modest response rate, it is within
expected response percentages for internet-based, non-incentivized,
voluntary surveys with a single request for participation.[7] We
acknowledge the potential for sampling error as the responders may
not fully represent the entire cohort of senior CT surgery residents
and may demonstrate bias toward dissatisfaction in training with
ablation surgery. Indeed, those with more robust experiences may
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Pulmonary vein isolation

23; 44.2

Bi-atrial (full) maze

21; 40.4

Left atrial maze

8; 15.4

Which energy sources does your program use? (select all that apply)
Combined radiofrequency &cryothermy

33; 63.4
30; 57.7

Cryothermy alone
Radiofrequency alone

20; 38.5

Cut and sew

4; 7.7

30; 57.7

External ligation/device
Excision and oversewing

13; 25.0

Internal (intra-atrial) suture closure

7; 13.5

Stapling

2; 3.8

have elected not to respond. Nevertheless, while there may be training
programs which have a much more robust experience in ablation
surgery, those programs are likely outliers rather than the norm across
residencies. Additionally, it is unknown whether or not the contact
information available from the TSDA contains email addresses
that were functional or accessed by their owners during the survey
administration. Regardless, there are important concerns identified
from our results including the array of often-incomplete lesion sets
(PVI), low case volume during residency, and inappropriate scenarios
(aortic dissection, arrhythmia prophylaxis) or missed opportunities
to perform an ablation. These findings would suggest a not-irrelevant
proportion of residents being inadequately exposed to surgical
ablation of AF. Although this survey focused on surgical ablation
of AF, there may be other components of CT surgery residency
training where residents are dissatisfied (for example: coronary artery

Jun-Jul 2019| Volume 12| Issue 1

21
Table 2:

Original
FeaturedResearch
Review

Journal of Atrial Fibrillation
Scenarios in which survey respondents would perform surgical
ablation of AF

Scenario

Percentage of
respondents (n=52)

Concomitant operation
Mitral valve repair/replacement

98

Coronary artery bypass & valve replacement

90.4 %

%

Tricuspid valve repair/replacement

88.5 %

Coronary artery bypass

84.6 %

Aortic valve replacement

77.5 %

For postoperative AF prophylaxis

19.2 %

Repair of aortic dissection

17.3 %

Stand-alone ablation
Symptomatic from arrhythmia

98

Failed catheter ablation

86.5 %

Refractory to anti-arrhythmic drug(s)

86.5 %

Contraindication to/intolerant of anticoagulation

82.7 %

Combined with catheter ablation (hybrid approach)

48.1 %

Asymptomatic but with long-standing persistent AF

17.3 %

Figure 1:

%

Box plot of the survey responders’ self-rated abilities to perform
specific ablation procedures & satisfaction with training in
surgical ablation for AF (y-axis numeric Likert values 1-5 correlate
with survey response choices appearing in the methods section).

bypass, aortic valve replacement). A comparison of perceptions of the
training experience in various procedures may be of interest but is out
of the scope of this work.
Current CT surgery residency graduation requirements mandate a
minimum of 5 ablation surgeries of any type (PVI, bi-atrial, left atrial,
etc.), which interestingly, matches our reported median case volume.
With regard to training in other cardiac surgeries, minimum case
volumes have been reported to demonstrate competency; however,
these do not exist for surgical ablation. Yount and colleagues evaluated
resident performance in coronary artery bypass surgery and identified
30 cases as a marker of proficiency in operative conduct. Significant
improvement in operative conduct.[8] It is unknown whether or not the
mandated 5 cases are sufficient; however, there is an appreciable range
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of skill required to perform a pulmonary vein isolation compared to a
bi-atrial lesion set. Regardless, the likely inadequacy of the reported
case volume is underscored by the respondents’ overall self-perceived
inability to independently perform standardized full lesion sets and
neutral satisfaction in their training. Whether or not the survey
participants overestimated or undervalued their skills is unknown as
is their case logging habits. Resident case volume reporting is subject
to variation as prior reports have suggested residents may consider
themselves the primary surgeon if they are merely present at the
operation.[9] Thus, there is a possibility that the actual number of
ablation surgeries predominantly performed by a trainee is less than
reported in our findings. Additionally, the survey may have captured
residents with an additional 1-2 years of training remaining so those
responders may graduate with a greater case volume.
Multiple opportunities exist for the improvement in training
residents to perform surgical ablation for AF. While many leaders
in the field of arrhythmia surgery provide seminars at professional
meetings and industry-sponsored courses are available, formal and
earlier exposure during residency has potential to strengthen a new/
younger surgeon’s repertoire. As exposure to complete ablations and
familiarization with the anatomic boundaries may be accomplished
during residency training in the way of simulation, tissue labs
or higher-fidelity models would likely be necessary alongside a
complete curriculum and proficient instructors. However, increasing
case volume would likely provide a more robust grasp of the nuances
and sequence of the operation. Regardless, increasing case number
hinges on the adequacy of the instruction by teaching surgeons, as
educators must employ complete lesion sets.
The lack of exposure to complete ablations is again suggested
by our findings of PVI being the most commonly employed
lesion set. While likely sufficient for paroxysmal AF, PVI has
been demonstrated to be inferior to complete bi-atrial lesions
regarding long-term maintenance of sinus rhythm for persistent
or longstanding persistent AF.[6] The Society of Thoracic Surgeons
(STS) guidelines offer Class I recommendations for performing
surgical ablation for AF at the time of mitral valve, aortic valve,
coronary artery bypass, and combined valvular and coronary bypass
operations. Additionally, surgical ablation for AF for symptomatic
patients refractory to antiarrhythmic medications or catheter-based
therapy is recommended at the IIa level. Finally, a bi-atrial lesion
set is recommended over a PVI.[1] Despite the majority (77-98%) of
responders’ adherence to the clinical scenarios in our survey based
on the abovementioned guidelines, it is unknown if the residents
would actually perform an ablation or complete lesion set in real time
circumstances as well as if such recommendations are applied at their
training program.
Possible barriers to adequate teaching by instructors include
the perceptions that ablation may lead to increased morbidity and
mortality, are time consuming, or yield no benefit to the patient.
Despite data to the contrary, a persistently low percentage of surgeons
perform ablations in appropriate settings.[5] Again, any improper
training or technique of the supervising/instructing surgeon must be
remedied so as to provide residents an appropriate exposure.
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Conclusion

Overall, our findings of incomplete lesion sets, low case volume,
and neutral satisfaction with training should inform educators of the
need to intervene on these issues or perform further evaluation. The
importance of more thorough clinical instruction in surgical ablation
for AF during CT surgery residency as well as the development of
standardized curricula may yield improved patient outcomes and
greater application of surgical ablation.
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Abstract

Aims : To determine exposure to warfarin and the associated outcomes in a population of older patients with non-valvular atrial fibrillation
(NVAF).
Methods : Cohort study of patients aged 65-89 years admitted to hospital July 2003-December 2008 with newly-diagnosed or pre-existing
AF. Outcomes at three years among one-year survivors post-index admission (landmark date) were all-cause mortality, stroke/systemic
thromboembolism (stroke/TE) and bleeding. Multivariate Cox models were used to identify factors associated with each outcome.
Results : AF was the principal diagnosis for 27.5% of 17,336 index AF admissions. Of 14,634 (84.4%) patients alive at one-year 1,384 (9.5%)
died in the following year. Vascular disease (42%) was the most frequent cause of death.
Warfarin use, prior to the index admission and/or the 1-year landmark, did not exceed 40%.
Compared to non-exposure or discontinuation at the index admission, initiation or persistence with warfarin prior to the landmark date was
associated with reduced risk for all-cause mortality, a statistically non-significant reduction in risk for stroke/TE, and an increased risk for
bleeding. Higher CHA2DS2-VASc scores were associated with increased risk for each outcome.
Conclusions : In a population-based cohort of hospitalised NVAF patients, the initiation and persistent use of warfarin was associated with
lower all-cause mortality risk to three years, although reduction in risk for stroke/TE did not reach statistical significance. The apparent
under-use of warfarin in this older, high-risk cohort reinforces the opportunity for further reduction in stroke/TE with the uptake of nonvitamin K oral anti-coagulants (NOACs) among those not prescribed, or not persistent with, warfarin.

Introduction

Atrial fibrillation (AF) is the most frequent arrhythmia among
older adultswith a general population prevalence of less than 1%
before the sixth decade but doubling with each subsequent decade
[1]
. It is associated with increased risk for thromboembolic stroke
and increased mortality. In a meta-analysis of randomised trials, the
use of an oral anticoagulant (warfarin) for high-risk patients, when
compared to no antithrombotic treatment, was estimated to reduce
the risk for thromboembolic stroke by 60% and mortality by 25%.
Antiplatelet medication alone also reduced the risk for stroke, but risk
was reduced by a further 40% by the use of adjusted-dose warfarin [2].
While the vitamin K antagonist warfarin has been the mainstay
of stroke prevention for decades, its use is declining in favour of
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non-vitamin K oral anticoagulants (NOACs). A recent count of
prescriptions filled under the Australian Pharmaceutical Benefits
Scheme (PBS) for those eligible through the Department of Veteran’s
Affairs reported that NOACs were 67% of anticoagulants supplied
for AF by mid-2017 [3]. Similar trends are reported from population
studies in other countries [4-6]. Despite the increasing uptake of
NOACs, warfarin is still a current first-line recommendation for
stroke prevention [7,8], and switching from NOACs to warfarin occurs
in certain situations[9].
While warfarin use continues, population outcomes for patients
with non-valvular AF (NVAF) remain of current interest. They
provide data for future risk/benefit comparisons as the use of
NOACs accelerates, and are pertinent to prescribers and patients in
aging populations.
The aim of this study was to examine the effect of exposure to
warfarin on all-cause mortality, fatal and non-fatal stroke or
thromboembolism (stroke/TE), and serious bleeding events in a
population of older patients with AF.
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Methods

Data sources and AF cohort

This analysis was a sub-study of the WAMACH study which used
linked administrative data from the Hospital Morbidity Data Collection (in-patients) and Death Register from the Western Australian Data Linkage System, linked to Pharmaceutical Benefits Scheme
(PBS) dispensing records.
The WAMACH study cohort has been described in detail previously and includes patients hospitalised in Western Australia for
ischaemic heart disease (IHD), heart failure (HF) or atrial fibrillation [10]. The current study cohort was restricted to age 65 years or
more as seniors gain concessional access to PBS listed drugs. The
remaining cost after the lower co-payment is met by the Australian
Government, giving rise to a dispensing record in the PBS data. This
captures the majority of warfarin users as approximately 90% of Australians aged 65–75 years, and 95% of those aged 75 years and over
had a concession card in 2004–2005 [11].
The NVAF study cohort comprised all people aged 65-89 years
admitted to a public or private hospital in WA from 1 July 2003 to
31 Dec 2008, with a principal or secondary diagnosis of atrial fibrillation/atrial flutter identified by the International Classification
of Diseases (ICD) 10th revision Australian Modification (ICD-10AM) code I48. Patients with comorbid cardiac valve disease, or with
a prosthetic valve, were excluded, as were those undergoing longterm renal dialysis. Cohort entry was the first admission in which AF
was recorded during the study period (the index admission). NVAF
patients with an additional clinical indication for short (weeks) or
longer term (12 months) OAC, i.e. joint replacement or for venous
thromboembolism, were not excluded as the major aim is to assess
long-term persistence/adherence to OAC in patients with a strong
clinical indication (AF and high CHA2DS2-VASc score) and no
contraindication, or reason for discontinuation such as major bleeding.
Linked data available for the AF cohort were all hospital admissions from 1980 to end of 2013, deaths (and cause of death) to end of
2013, and PBS medication records for the period 1 July 2002 to 30
June 2011. There was a minimum 12 months of PBS records before
and after the index admission.
As observational cohort studies of therapeutics are at risk of immortal person-time bias [12], we used a landmark analysis method
on patients alive at one year post-index admission (1-year landmark
date).
Measure of warfarin exposure

We used the standard dispensing (supply) of 50 tablets of any
strength of warfarin, on at least one occasion in a one-year period, as
indicating exposure to warfarin during that period. Warfarin use at
the landmark time point was identified according to supply in both
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the year prior to the index admission, and in the year after hospital discharge to the 1-year landmark. Warfarin exposure was thereby
categorised as ‘persistent’ for patients with supply in both one-year
periods, ‘discontinued’ for those with supply prior to index but not
in the one year after, ‘initiated’ for those with no supply before index
but with supply in the one year after, and ‘no warfarin’ if no supply in
either period.
Covariates

Age at the landmark date was grouped as 65-74, 75-79 and ≥80
years, approximating the cohort tertiles. AF at index admission was
classified as either a ‘principal’ or a ‘secondary diagnosis’.
Comorbidities (heart failure, diabetes mellitus, hypertension,
stroke/transient ischaemic attack/thromboembolism and vascular
disease) identified from administrative hospital records in the prior
10-years were used to calculate the CHA2DS2-VASc risk score [13]
at the 1-year landmark. A history of major bleeding in the principal
diagnosis was identified based on standardised bleeding definitions
previously published [14,15], including intracranial haemorrhage (ICH)
which incorporates intracerebral bleeding, subarachnoid haemorrhage, subdural and epidural bleeding, gastro-intestinal (GI) bleeding, and anaemia. Chronic kidney disease (CKD) was also identified.
Outcomes

Three outcomes were identified: time to death from any cause
(censored at 3 years); time to a first stroke/TE (fatal or non-fatal)
(censored at non-stroke death or 3 years); and time to a first serious
bleeding episode requiring hospital admission, including fatal and
non-fatal ICH (censored at death or 3 years). Outcome events based
on hospital admissions were restricted to principal diagnosis only.
The person-time incidence rate of stroke/TE and bleeding per 100
years (/100 PY) were calculated for each year from the landmark
date.
The composite endpoint of stroke/TE was defined as ICD-10AM codes I63 (ischaemic stroke), I64 (stroke, not specified as ischaemic or haemorrhagic) and I74 (arterial embolism and thrombosis) to
identify fatal and non-fatal events. Combining I63 and I64 is recommended for identifying ischaemic stroke from electronic records for
epidemiological studies [16], and is used in other population studies
[17]
. However, as nearly 90% of strokes as the ‘cause of death’ were
coded as I64, a sensitivity analysis was done to determine the effect of
excluding unspecified fatal and non-fatal stroke. All ICD codes are
listed in Supplementary [Table 1].
Statistical analysis

Patient characteristics across warfarin exposure groups are described and compared using chi-square tests for categorical variables
and ANOVA for quantitative variables. The annual sum, median, and
interquartile range (IQR) of warfarin supplied (in milligrams, mg)
were calculated.
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Kaplan-Meier survival analysis was used to assess the associations between the outcomes and each categorical covariate, and the
log-rank test used as a measure of their association with outcomes.
Multivariable Cox regression models were used to compare outcomes
across warfarin groups, adjusted for CHA2DS2-VASc score and
other covariates (see [Table 1]).
A two-sided p<0.05 was considered statistically significant. Estimated hazard ratios with a 95% confidence interval that does not
include the value 1.0 are significant at the 5% level. SPSS Statistics for Windows (IBM Version 22.0. Armonk, NY) was used for
all analyses.
Ethics

The study was approved by the Human Research Ethics Committee (HREC) of the Department of Health (Western Australian
2014/11 and Federal Government) and the University of Western
Australia (RA/4/1/8065), in addition to HREC approvals from all
participating hospitals.
The datasets for this study, generated by the Data Linkage Branch
of the Health Department of Western Australia, are held at the University of Western Australia. The data is not publicly available due
to confidentiality agreements between the providers and the study
investigators.

Results

There were 17,336 index NVAF admissions (27.5% as principal
diagnosis). For patients with AF as a secondary diagnosis, the most
frequent principal diagnoses were IHD (13.2%) and HF (6.6%);
stroke/TE was 4.4%. Other frequent conditions such as , chronic
obstructive lung disease and osteoarthritis of the knee and hip were
each <5%. Patients with AF as the principal diagnosis were younger
(76.2, SD 6.5 vs 78.5, SD 6.5 years, p<0.001) and had significantly
less comorbid diabetes, HF, IHD, CKD, or prior stroke.
At one-year post-index admission, 14,634 patients (84.4%) were
alive. Compared to survivors, those who died within the first year
were older (80.5, SD 6.1 vs 77.4, SD 6.5 years, p<0.001) and had a
higher mean CHA2DS2-VASc score (4.2 vs 3.6, p<0.001) at index
admission. The most frequent cause of death was ‘any vascular disease’
(37.6%) including IHD (19.1%), ischaemic stroke (8.3%) and AF
(2.8%); cancer was the next most frequent (32.4%).
Patient characteristics at index admission, at the one-year landmark,
and by warfarin exposure at the landmark date are presented in
[Table 1]. Warfarin use at the 1-year landmark was lower for women
than men. Those with a history of CKD or bleeding prior to the
index admission were less likely to use warfarinand more likely to
discontinue it after admission [Table 1]. As expected, those admitted
for bleeding at the index admission, or prior to the 1-year landmark,
were less likely to initiate warfarin, and more likely to discontinue its
use. Initiation was higher among those suffering stroke/TE at index
or prior to the landmark.
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Warfarin use
For those alive at the 1-year landmark, 40% were supplied with
warfarin either prior to, or after, the index admission [Table 1].
Warfarin exposure exceeded 45% only for those with a CHA2DS2VASc score ≥6, with those with a score of ‘2’ at 38.6%.
The median total of warfarin dispensed in the 12 months pre-index
was 700 mg (400-1150) for those who discontinued from the index
admission and 900 mg (500-1450) for those persisting post-hospital
discharge (data not shown). The totals in the year after discharge were
1150 mg (650-1650) for those initiating post-index, and 1150 mg
(750-1650) for those persisting. Three patients supplied with fewer
than 50 tablets (14-17 tablets) were excluded from comparisons.
Stroke/SE was the most frequent principal diagnosis at the index
admission associated with a change in warfarin use. Among 30-day
survivors of stroke (n=689), warfarin was initiated in 302 patients
(43.8%). For all patients alive at the 1-year landmark, initiation was
higher for those CHA2DS2-VASc scores ≥3, while persistent use
was around 20% across the whole range of scores.
Mortality

Of the 14,634 alive at the one-year landmark, 1,384 (9.5%) died in
the following year; crude all-cause mortality was 9.0%, and 8.7% in
the subsequent years.
Among the 3,631 deaths at three years from the one-year landmark date, the cause was coded as ‘vascular disease’ for 1,519 patients
(41.8%) which included IHD (29.4%), ischaemic stroke (6.2%), and
ICH (1.5%). Cancer deaths were 25%.
Unadjusted survival was greater among patients persisting with, or
initiating, warfarin prior to the landmark date compared with those
not exposed to warfarin, and worse for those who had discontinued (Log Rank 83.35, df 3, p<0.001) [Figure 1]. Annualised survival
overall and according to warfarin exposure is shown in [Table 2].
Multivariate associations with survival to three years from the oneyear landmark
Warfarin exposure group, a CHA2DS2-VASc score ≥3, age, male
sex, comorbidity and previous events were all independently associated with 3-year all-cause mortality in 1-year survivors of AF [Table
3].
Stroke/TE

Stroke/TE was the principal diagnosis at the index admission for
727 patients (4.2%). Among these patients, 38 (5.2%) died within
30-days. There were an additional 294 fatal and non-fatal strokes prior to the 1-year landmark.
There were 694 new stroke/TE events in the 3-year follow-up
post-landmark date, of which 224 (32.3%) were ischaemic stroke
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Table 1:

Characteristics of the NVAF study cohort and one-year survivors, stratified by warfarin use at the 1-year landmark

At Index Admission

Alive at One-year Landmark Total and by warfarin use
All
17, 336 n (%)

Total
14 634 (84.4)

No warfarin
8 406 (57.4)

Discontinued
378 (2.6)

Initiated
3 009 (20.6)

Persistent
2 841 (19.4)

‘p’ value *

Women n (%)

8 290 (47.8)

7 077 (48.4)

4 255 (50.6)

179 (47.4)

1 457 (48.4)

1 186 (41.7)

<0.001

Age (years) - mean [SD]

77.9 [6.6]

78.4 [6.5]

78.6 [6.8]

79.2 [6.4]

78.1 [6.3]

78.0 [6.2]

<0.001

4 452 (30.4)

2 075 (24.7)

99 (26.2)

1 110 (36.9)

1 168 (41.4)

<0.001

<0.001

AF - principal diagnosis
CHA2DS2-VASc score at index admission

Score at the 1-year landmark

Mean [SD]

3.7 [1.5]

4.0 [1.6]

3.9 [1.7]

4.3 [1.8]

4.1 [1.7]

4.0 [1.7]

1

1 108 (6.4)

819 (5.6)

483 (5.7)

21 (5.6)

135 (4.5)

180 (6.3)

2

2 837 (16.4)

2 181 (14.9)

1 340 (15.9)

44 (11.6)

378 (12.6)

419 (14.7)

3

4 088 (23.6)

3 180 (21.7)

1 853 (22.0)

75 (19.8)

628 (20.9)

624 (22.0)

4

3 962 (22.9)

3 138 (21.4)

1 813 (21.6)

63 (16.7)

661 (22.0)

601 (21.2)

5

3 031 (17.5)

2 568 (17.5)

1 441 (17.1)

73 (19.3)

571 (19.0)

483 (17.0)

6

1 641 (9.5)

1 603 (11.0)

849 (10.1)

50 (13.2)

397 (13.2)

307 (10.8)

7-9

669 (3.9)

1 145 (7.8)

627 (7.5)

52 (13.8)

239 (7.9)

227 (8.0)

n (%)

Components of CHA2DS2-VASc score at the 1-year landmark
Heart failure

3 948 (27.0)

2 095 (24.9)

125 (33.1)

893 (29.7)

835 (29.4)

<0.001

Hypertension

8 458 (57.8)

4 742 (56.4)

232 (61.3)

1 843 (61.3)

1 641 (57.8)

<0.001

Diabetes

3 107 (21.2)

1 742 (20.7)

116 (30.7)

596 (19.8)

653 (23.0)

<0.001

Vascular disease

6 415 (43.8)

3 731 (44.4)

172 (45.5)

1 288 (42.8)

1 224 (43.1)

NS

Stroke/TIA/TE

2 337 (16.0)

1 107 (13.2)

80 (21.2)

668 (22.2)

482 (17.0)

<0.001

Age 75 year or more

9 867 (67.4)

5 702 (67.9)

274 (72.5)

1 998 (66.4)

1 893 (66.6)

NS

History (10 years)
Chronic kidney disease

1 226 (7.1)

1 109 (7.6)

692 (8.2)

46 (12.2)

187 (6.2)

184 (6.5)

<0.001

Bleeding

2 042 (11.8)

1 961 (13.4)

1 149 (13.7)

108 (28.6)

369 (12.3)

335 (11.8)

<0.001

SD=standard deviation, TIA=transient ischaemic attack, TE=thromboembolism* ‘p’ value for difference between the four warfarin use groups

deaths, and 199 (89%) coded as I64. The incidence rate of stroke/TE
events by warfarin exposure is shown in [Table 2].
Univariate associations with stroke/TE

Survival to stroke/TE was worse for those who discontinued warfarin, compared with those not exposed, initiating or persisting, but
the difference was not statistically significant (Log Rank 6.17, df 3,
p=0.10) [Figure 2]. Women, those with higher CHA2DS2-VASc
scores, aged ≥80 years, with a history of bleeding or CKD, and with
AF as a secondary diagnosis were at higher risk for stroke/TE.
Multivariate associations with stroke/TE

Figure 1:

Kaplan-Meier survival to three years from the 1-year landmark after
admission for AF (principal or secondary diagnosis) by warfarin use
at the landmark date

CHA2DS2-VASc scores ≥5 were independently associated with
the risk for stroke/TE, with the adjusted hazard more than doubling
[Table 4]. In a sensitivity analysis, the associations with the outcome
were unchanged by exclusion of 281 events coded as ‘unspecified’
strokes.
Major Bleeding

There were 2,042 patients (11.8%) with an admission for major
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Table 2:

Annual cumulative survival and incidence of stroke/systemic thromboembolism and serious bleeding events per 100 person–years from the
1-year landmark, overall and by warfarin use.
Overall

Year

No warfarin

Discontinued

Initiated

Persisted

Number of patients surviving
Kaplan-Meier probability of unadjusted cumulative survival to 3 years
1

13 247
0.90

7 534
0.90

309
0.82

2 786
0.93

2 606
0.92

2

12 052
0.82

6 776
0.81

279
0.72

2 602
0.86

2 399
0.84

3

11 003
0.75

6 159
0.73

247
0.65

2 402
0.80

2 195
0.77

Number of stroke/systemic thromboembolism events (person-years observed)
Incidence rate per 100 person-years (95% CI)
1

293 (13 937)
2.1 (1.8-2.4)

187 (7 956)
2.4

9 (349)
2.6

42 (2 905)
1.4

55 (2 723)
2.0

2

199 (12 340)
1.6 (1.3-1.9)

106 (7 148)
1.5

9 (290)
3.1

52 (2 698)
1.9

32 (2 500)
1.3

3

200 (11 525)
1.7 (1.4-2.1)

114 (6 472)
1.8

6 (257)
2.3

46 (2 497)
1.8

34 (2 295)
1.5

Total

692 (37 802)
1.8 (1.7-1.9)

407 (21 576)
1.9 (1.7-2.1)

24 (896)
2.7 (-1.7-7.1)

140 (8 100)
1.7 (1.2-2.2)

121 (7 518)
1.6 (1.1-2.1)

Number of serious bleeding events (person-years observed)
Incidence rate per 100 person-years (95% CI)
1

234 (13 847)
1.7 (1.4-2.0)

110 (7 918)
1.4

4 (348)
1.1

63 (2 878)
2.2

57 (2 700)
2.1

2

200 (12 554)
1.6 (1.3-1.9)

105 (7 105)
1.5

7 (288)
2.4

45 (2 678)
1.7

43 (2 481)
1.7

3

174 (10 886)
1.5 (1.2-2.0)

80 (6 181)
1.2

3 (244)
1.2

46 (2 313)
1.8

45 (2 149)
2.0

Total

608 (37 287)
1.6 (1.5-1.7)

295 (21 204)
1.4 (1.2-1.6)

14 (880)
1.6 (-2.9-6.1)

154 (7 869)
2.0 (1.4-2.5)

145 (7 330)
2.0 (1.4-2.5)

Table 3:

Independent predictors of 3-year all-cause mortality among 14, 631
survivors with NVAF at the 1-year landmark

Factor

Hazard ratio (95% CI)

P value

Warfarin use vs none
Discontinued
Initiated
Persisted

1.22 (1.02-1.45)
0.74 (0.68-0.82)
0.87 (0.80-0.95)

0.03
<0.001
<0.01

CHA2DS2_vasc score vs 1
2
3
4
5
6
7-9

1.14 (0.88-1.50)
1.49 (1.15-1.94)
1.73 (1.33-2.25)
2.02 (1.55-2.63)
2.48 (1.89-3.26)
3.07 (2.32-4.04)

NS
<0.01
<0.001
<0.001
<0.001
<0.001

AF- principal vs secondary diagnosis

0.69 (0.64-0.76)

<0.001

History bleeding

1.28 (1.18-1.40)

<0.001

History of CKD

1.39 (1.25-1.54)

<0.001

Sex (female)

0.69 (0.65-0.74)

<0.001

Age vs <75 years
75 -79
80 years or more

1.48 (1.31-1.66)
2.81 (1.25-3.12)

<0.001
<0.001

CKD=chronic kidney disease
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Figure 2:

Kaplan-Meier time to a first fatal or non-fatal stroke/systemic
thromboembolism in the 3-year follow-up from the landmark date
by warfarin use at landmark
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Independent predictors of a first fatal or non-fatal stroke/systemic
Table 4: thromboembolism event in the 3-year follow-up for one-year
survivors with NVAF
Factor

Hazard ratio (95% CI)

P value

Warfarin use vs none
Discontinued
Initiated
Persisted

1.22 (0.81-1.85)
0.89 (0.74-1.09)
0.87 (0.71-1.07)

0.34
0.26
0.19

CHA2DS2_vasc score vs 1
2
3
4
5
6
7-9

0.87 (0.48-1.58)
1.27 (0.71-2.25)
1.37 (0.77-2.45)
2.02 (1.13-3.62)
2.32 (1.28-4.23)
3.96 (2.17-7.23)

0.65
0.42
0.28
0.02
<0.01
<0.001

AF -principal vs secondary diagnosis

0.93 (0.78-1.12)

0.45

History bleeding

1.15 (0.94-1.24)

0.18

History of CKD

0.98 (0.75-1.28)

0.88

Sex

1.0 (0.85-1.17)

0.96

Age vs <75 years
75-79
80 or more years

1.57 (1.21-2.03)
2.22 (1.74-2.81)

<0.01
<0.001

Figure 3:

Table 5:

Kaplan-Meier time to admission for major bleeding within three
years of the 1-year landmark date by warfarin use

Independent predictors of a first admission for major bleeding in
the 3-year follow-up among 1-year survivors with NVAF

Factor

Hazard ratio (95% CI)

P value

Warfarin use vs none
Discontinued
Initiated
Persisted

1.00 (0.458-1.72)
1.39 (1.14-1.17)
1.42 (1.16-1.74)

1.00
<0.01
<0.01

CHA2DS2_vasc score vs 1
2
3
4
5
6
7-9

1.32 (0.79-2.20)
1.78 (1.09-2.92)
2.06 (1.25-3.39)
2.27 (1.36-3.78)
1.95 (1.12-3.38)
2.82 (1.61-4.94)

0.28
0.02
<0.01
<0.01
0.02
<0.01

AF-principal vs secondary diagnosis

1.02 (0.85-1.22)

0.83

History bleeding

1.65 (1.35-2.02)

<0.001

History of CKD

1.12 (0.84-1.50)

0.42

Sex (female)

0.72 (0.60-0.85)

<0.01

Age vs <75 years
75-79
80 or more years

0.89 (0.70-1.13)
1.35 (1.10-1.66)

0.34
<0.01

* Diagnoses at discharge from index admission

bleeding in the 10 years prior to the index admission. Of the 249
patients with a principal diagnosis of bleeding at index admission, the
majority were neurological events coded as ICH (n=74, 29.7%), 12
(4.8%) were sub-arachnoid and 33 (13.3%) epidural haemorrhages.
A further 88 (35.3%) admissions were for gastro-intestinal bleeding,
and 19 (7.6%) had respiratory tract bleeding.
There were 13 deaths (5.2%) within 30 days of admission, and an
additional 48 deaths (20.3%) among 236 survivors of a serious bleed
within the first year. There were 35 new bleeding events prior to the
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1-year landmark.
Of those alive at the landmark date, 608 were hospitalised with a
first or new major bleed within three years. The majority were gastrointestinal bleeds (n=410, 67.4%), with 124 ICH 124 (20.4%) and
61 coded as epidural haemorrhages (10%). Of the 22 deaths coded
as intracerebral haemorrhages, 21 occurred in hospital. The incidence
rate of bleeding events by warfarin exposure is shown in [Table 2].
Univariate associations with major bleeding

The risk for bleeding in the 3-year follow-up was significantly
greater for men, those aged ≥80 years, with a prior bleeding event,
and with a CHA2DS2-VASc score ≥4. Initiation of and persistence
with warfarin were also associated with increased risk (Log Rank
18.01, df 3, p<0.001) [Figure 3].
Multivariate associations with major bleeding

After adjustment, the independent risk for a serious bleeding event
was higher for males, those aged ≥80 years or with a history of bleeding, and for those both initiating and persisting with warfarin use
[Table 5].

Discussion

This study has provided a real-world indication of outcomes from
exposure to warfarin in an older population, with new or comorbid
AF diagnosis identified in a hospital admission. Current warfarin use
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one year after the index admission was independently associated with
lower risk for all-cause mortality to three years, compared with nonexposure, and with increased risk for those discontinuing warfarin.
The reduction in mortality for those exposed was not matched by
a statistically significant reduction in the risk of stroke/TE. The
hazard ratios, while lower than for non-users, were not statistically
significant, and neither was the apparent increased hazard for
those discontinuing warfarin. The initiation or ongoing exposure to
warfarin was independently associated with increased risk for serious
bleeding, compared with non-use.

While variation in the selection of patients for warfarin is
widespread, with reported contraindications ranging from under 20%
to over 50% [24], the low exposure to warfarin in our cohort of both
prevalent and incident AF is consistent with other real-world studies.
These have reported initial warfarin use below 60% overall, and below
70% among moderate/high risk patients [25,26]. Furthermore, there is
considerable drop-off within a few years of starting, with rates in
Australia and elsewhere falling below 30% [27,28].

Other factors may be responsible for the different risk for death
and stroke for those exposed to warfarin. The selection for warfarin
treatment of ‘healthy users’, with less life-limiting comorbidity such
as renal failure, may have contributed to the mortality benefit. In
addition, the rate of stroke/TE events was low in the unexposed
and exposed groups (less than 2.0/100 PY, not including those
discontinuing). The lack of statistical significance for stroke/TE risk
may be due to insufficient power from the low number of stroke
events. Other explanations include less than optimal management of
warfarin leading to reduction in benefit, and inadequate measurement
of exposure. Patients may have changed their status during follow-up,
initiating or discontinuing warfarin during this time.

Strengths and limitations

The low stroke/TE rate, although not age-standardised, was
consistent with rates reported for Australia, Europe and other
developed economies [18,19,20], but resulted in too few events for reliable
estimates of rates within levels of the CHA2DS2-VASc risk score.
For patients not exposed to warfarin, the overall incidence rate was
lower than reported from a large study of patients in England (3.8/100
PY), with data from both primary and secondary care, while the rate
for those exposed was the same (1.7/100 PY) [21]. In that population
,a net clinical benefit in stroke reduction from exposure to warfarin,
defined using similar criteria as ours, was seen for CHA2DS2-VASc
score ≥2 for men and ≥3 for women. The low stroke/TE rate among
unexposed patients in our cohort may be related to the inclusion of
both incident and prevalent cases. In addition, the use of antiplatelet
medication in the unexposed group was not known, though nearly
half had comorbid vascular disease. Major bleeding among those
exposed to warfarin did not exceed the pooled estimate of 2.51/100
PY from the warfarin arms of 51 studies [22].
Current warfarin use never exceeded 40% overall in our cohort
of older patients. Under 2012 European and US guidelines, none
of our cohort patients were ‘low risk’; all had CHA2DS2-VASc
delete scores for which oral anti-coagulation would be considered
or recommended (men ≥1, women ≥2), unless contraindicated [8,19]
and this recommendation remains current [7]. While over 13% had a
history of bleeding in the 10 years prior to the 1-year landmark date,
use in others would be absolutely or relatively contraindicated. We
did not have the clinical data to assess the proportion of patients for
whom warfarin may have been contraindicated due to bleeding risk
(as estimated by an algorithm such as the HAS-BLED score). We
had insufficient clinical data to estimate bleeding risk. In addition, we
could not identify those with cognitive impairment or frailty, groups
of patients who are less likely to be prescribed OAC, despite being at
higher predicted risk for stroke and death. [23]
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Until/unless treatments to successfully control AF are developed,
OAC, including warfarin, remain central to AF management.
Ongoing research into early detection of AF, strategies to promote
appropriate use of, and persistence with, OAC and the outcomes of
these strategies is necessary [29].

This use of linked state-wide morbidity and mortality data and
the national pharmaceutical database allowed a large-scale population-level study with reliable and complete outcome data. Good ascertainment of stroke/TE and serious bleeding events is probable as
most cases would require hospital admission. While clinical detail is
reduced when using administrative data, it is sufficient for the calculation of the CHA2DS2-VASc score [30], an important predictor of
stroke risk [15].
The externally coded cause of death uses coding conventions which
may attribute death to underlying (antecedent or contributing) conditions or to the immediate ‘cause’. The attribution of stroke as cause
of death out of hospital to ICD-10-AM I64 (not specified as haemorrhage or infarction) is a worldwide limitation for studies of stroke
[31,32,33]
.
As the cohort was identified from hospital admissions, the patients
may not be representative of the wider population with AF. They are
likely to have poorer health and suffer more comorbidity. The proportion of patients with comorbid cardiovascular disease exceeded 40%.
We could not quantify the use of anti-platelets (including aspirin)
in these patients, a factor in apparent ‘under-use’ of OAC [34]. Use
of antiplatelet and OAC drugs among those not in the cohort (not
hospitalised for any reason during the study period) may well have
differed from those studied.
Exposure to warfarin is difficult to quantify with accuracy from
pharmacy data alone, as dose may vary with age, sex and comorbidity
[35]
. Regimens such as different dosing on alternate days and varying
strength of tablets make calculation of measures such as a ‘defined
daily dose’ impractical. Without INR data, more reliable measures
such as ‘time within the therapeutic range’ cannot be assessed [36].
Access to other clinical databases, such as laboratory results, will
further strengthen large-scale cohort studies using linked data, with
the potential to provide detailed information about the changing use
of oral anticoagulants and the resulting outcomes in AF and other
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Conclusion

In this real-world cohort of older patients hospitalised with newly
diagnosed or comorbid AF, the use of warfarin in a period predating
the widespread availability of NOACs was lower than recommended
in treatment guidelines. Initiation and persistent use of warfarin was
associated with a lower mortality risk, with an apparent reduction in
the risk of stroke/TE which did not reach statistical significance. The
probable under-use of warfarin presents the opportunity for further
reduction in stroke/TE, facilitated by the uptake of NOACs among
those not prescribed, or not persistent with, warfarin.
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Abstract

Background : Several randomized trials have evaluated the efficacy of prophylactic magnesium (Mg) supplementation in prevention of
post-operative atrial fibrillation (POAF) in patients undergoing cardiac artery bypass grafting (CABG). We aimed to determine the role of
prophylactic Mg in 3 different settings (intraoperative, postoperative, intraoperative plus postoperative) in prevention of POAF.
Methods: A systemic literature search was performed (until January 19, 2019) using PubMed, EMBASE, Web of Science, and Cochrane
Central Register of Controlled Trials to identify trials evaluating Mg supplementation post CABG. Primary outcome of our study was reduction
in POAF post CABG.
Results: We included a total of 2,430 participants (1,196 in the Mg group and 1,234 in the placebo group) enrolled in 20 randomized
controlled trials. Pooled analysis demonstrated no reduction in POAF between the two groups (RR 0.90; 95% CI, 0.79-1.03; p=0.13;
I2=42.9%). In subgroup analysis, significant reduction in POAF was observed with postoperative Mg supplementation (RR 0.76; 95% CI, 0.580.99; p=0.04; I2=17.6%) but not with intraoperative or intraoperative plus postoperative Mg supplementation (RR 0.77; 95% CI, 0.49-1.22; p
= 0.27; I2=49% and RR 0.92; 95% CI, 0.68-1.24; p = 0.58; I2=51.8%, respectively).
Conclusions: Magnesium supplementation, especially in the postoperative period, is an effective strategy in reducing POAF following CABG.

Introduction

Coronary artery bypass grafting (CABG) is the mainstay for the
treatment of coronary artery disease in select patient population
unless contraindicated [1]. During the cardiopulmonary bypass
(CBP), cardioplegic perfusion is intermittently discontinued (15
minutes to up to 30 minutes, depending upon institutional practice)
for distal anastomoses construction during which the myocardium
is predisposed to ischemic injury [2-5], thereby resulting in ischemic-
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reperfusion injury [6] and/or reperfusion-induced atrial/ventricular
arrhythmias [7,8]. New onset atrial fibrillation is the most common
arrhythmia observed postoperatively with incidence ranging from 25%
to 40%; typically peaking on post-operative day 2 [9-12]. Development
of post-operative atrial fibrillation (POAF) also increases the risk
of heart failure, stroke and deterioration in patient’s hemodynamic
status resulting in increased in-hospital mortality [13,14].
Multiple randomized clinical trials have evaluated the role of
prophylactic magnesium (Mg) supplementation for prevention of
POAF, with conflicting results [15-34]. With increasing evidence (and
addition of new trials) we aimed to assess the role of prophylactic Mg
supplementation in reduction of POAF. In addition, we also evaluated
the role of prophylactic Mg in three different settings (intraoperative,
postoperative, or in combination) in prevention of POAF..
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Methods

Search Strategy and Study Selection
We searched PubMed, The Cochrane Library, EMBASE, EBSCO,
Web of Science and CINAHL databases from inception through
January 19, 2019 to identify trials evaluating Mg supplementation
in patients undergoing CABG surgery using the key words:
magnesium, coronary artery bypass grafting, CABG and atrial
fibrillation. The eligibility criteria for our systematic review and
meta-analysis included: (1) randomized controlled study design; (2)
human subjects undergoing CABG surgery only; (3) received Mg
supplementation intraoperatively, postoperatively or in combination;
(4) reported periprocedural incidence of atrial fibrillation; and (5)
literature published in English. All studies without a comparator
arm, undergoing concomitant valve repair, studies that did not
report clinical outcomes, off-pump CABG surgery and observational
studies/case reports were excluded from the analysis [Figure 1]. We
used the longest available follow-up data from the individual studies
for our analysis.

Figure 1:

Process of study selection (PRISMA statement)

Figure 2:
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Data extraction and Quality appraisal
Clinical, interventional, and outcome data were extracted from
individual studies by 2 independent abstractors (RC and JG) and
entered into a data extraction form. This included information about
study design, patient characteristics (age, gender, Mg supplementation,
POAF, length of stay, aortic cross clamp time and follow up period).
Jadad score was independently calculated by 2 investigators (RC
and JG) [Table 1] [34]. Any disparities between the two investigators
were discussed with a third investigator (MT) until consensus was
reached. Final results were reviewed by senior investigators.
Outcome Variables
The primary outcome of our study was reduction in POAF
burden. In order to assess possible differences in the timing of Mg
administration, we further divided trials into three subdivisions
(secondary outcomes): intraoperative, postoperative and a
combination of intra-and postoperative Mg administration.
Statistical analysis
We conducted a meta-analysis of summary statistics from the
individual trials because detailed, patient-level data were not available
for all trials. Summary estimates and 95% confidence intervals
(CI) were reported for continuous variables as difference in means.
Mantel-Haenszel risk ratio (RR) fixed effects model was used to
summarize data across treatment arms. We evaluated heterogeneity
of effects using the Higgins I-squared (I2) statistic [36]. In cases
with heterogeneity (defined as I2 >25%), random effects models of
DerSimonian and Laird [37] were used. Publication bias was estimated
visually by funnel plots [38,39]. If any bias was observed, further bias
quantification was measured using the Begg-Mazumdar test [40], and
Egger test [38]. All analyses were conducted using Comprehensive
Meta-Analysis 2.0 software (Biostat, Inc., Englewood, NJ).

Forest plot demonstrating the effects of magnesium supplementation compared to placebo on post operative atrial fibrillation after
CABG surgery (random effects model)
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Table 1:
Study name

Characteristics of participating studies (data presented as control group/study group)
No. of
patients

Mean age
(years)

Men (%)

Mean
LVEF (%)

Previous
MI (%)

Blinding

Infusion

Total amount
(mmol)

Duration of aortic
clamping (mean)

POAF (n)

Follow-up
duration (hrs)

Jadad
score

Intraoperative Magnesium supplementation
Shakerinia et al 1996

25/25

65/67

68/64

65/67

72/80

NS

MgSO4

NA

NA

8/5

24

1

Yeatman et al 2002

200/200

63/64

78/83

NA

NA

DB

MgSO4

20

47/49

45/58

NA

3

Begogul et al 2003

50/50

61/64

88/86

40/40

14/18

DB

MgSO4

16

44/40

3/2

24

2

Hayashi et al 2004

35/35

NA

66/74

52/50

NA

NS

MgSO4

NA

62/47

11/3

NA

1

Ji et al 2006

20/20

56/59

60/70

47/49

12/11

NS

MgSO4

NA

59/61

8/2

NA

3

Casalino et al 2008

49/48

66/68

74/75

54/56

40/43

NS

MgSO4

32

38/37

5/4

120

2

Svagzdiene et al 2009

106/52

65/65

NA

44/46

NA

NS

MgSO4

NA

47/52

28/15

72

1

Postoperative Magnesium supplementation
Fanning et al 1991

50/49

62/59

78/71

49/50

42/35

DB

MgSO4

84

66/66

14/7

96

4

Colquhoun et al 1993

64/66

59/57

80/83

NA

53/45

DB

MgCl

50

52/51

15/11

96

4

Parikka et al 1993

71/69

54/57

82/84

59/61

NA

NS

MgSO4

70

NA

18/20

48

2

Nurozler et al 1996

25/25

54/56

92/9%

66/67

28/32

DB

MgSO4

100

52/46

5/1

120

2

Jensen et al 1997

28/29

61/61

100/100

NA

NA

DB

MgSO4

110

NA

10/10

72

4

Treggiari-Venzi et al
2000

51/47

65/65

84/89

57/62

45/3%

DB

MgSO4

48

103/91

14/11

72

5

Behmanesh et al 2006

50/50

63/66

93/81

NA

50/36

NS

MgSO4

NA

44/44

21/10

168

3

Intra- + Postoperative magnesium supplementation
Caspi et al 1995

48/50

62/60

83/89

49/48

NA

NS

MgSO4

48

45/50

18/22

36

4

Solomon et al 2000

82/85

61/62

73/80

54/53

NA

NS

MgSO4

150

63/60

16/19

24

4

Bert et al 2001

60/63

64/63

83/8%

49/48

NA

NS

MgSO4

49

60/55

23/24

96

4

Forlani et al 2002

50/54

64/64

88/85

55/52

66/65

NS

MgSO4

37

47/48

19/8

720

4

Geertman et al 2004

73/74

62/64

79/79

NA

NA

DB

MgSO4

50

48/50

19/25

36

4

Hazelrigg et al 2004

97/105

64/62

68/74

51/53

NA

DB

MgSO4

NA

55/61

41/32

120

4

Table 2:

Baseline demographics of study population

Baseline Characteristic

Mg supplementation

Placebo

N

Studies (n)

RR or SMD (95% CI)

Heterogeneity
P value

I2 (%)

P for overall effect

Age, yrs

62.3

61.6

2,008

15

0.21 (0.03 to 0.40)

0.02

75.58

<0.0001

Males, %

79.6

78.4

1,986

16

1.02 (0.98 to 1.06)

0.97

0

0.37

Hypertension, %

49.1

48.0

669

7

0.96 (0.86 to 1.09)

0.73

0

0.55

Diabetes mellitus, %

21.0

18.0

1,169

9

1.11 (0.73 to 1.67)

0.02

53.99

0.63

History of myocardial infarction, %

47.3

48.6

966

11

0.97 (0.86 to 1.10)

0.88

0

0.62

Preoperative use of beta-blockers, %

63.0

67.8

1,723

15

0.95 (0.87 to 1.03)

0.06

39.26

0.21

Need for vasopressors post-surgery, %

29.5

31.9

958

7

0.83 (0.62 to 1.12)

0.11

42.09

0.22

RR=Relative Risk; SMD=Standardized Mean Difference

Results

We included 20 randomized controlled trials
with a total of
2,430 patients - 1,196 patients in Mg supplementation group, while
1,234 patients in the placebo group. [Table 1] describes the baseline
characteristics of included studies including patient demographics,
Mg regimens, and incidence of POAF. [Table 2] describes the
differences in baseline characteristics between Mg supplementation
and placebo groups of included studies.
[15-34]

Four hundred and thirty patients received Mg intraoperatively, 335
patients received Mg postoperatively while 431 patients received Mg
both intra- and post-operatively. By using random-effects model,
pooled analysis for the primary outcome demonstrated no difference
in POAF between the two groups (22% versus [vs.] 29% for Mg and

www.jafib.com

placebo groups respectively, RR 0.90; 95% CI, 0.79-1.03; p = 0.13;
I2=42.9%) [Figure 2].
No significant difference was observed between the two groups
for length of stay (6.75 days vs 6.77 days for Mg and placebo
arm respectively, SMD 0; 95%CI -0.13 - 0.13, p=1.00; I2=0%),
perioperative myocardial infarction (MI) (2.7% vs. 2.2% for Mg and
placebo groups respectively, RR 1.26, 95% CI, 0.67 - 2.38, p=0.47;
I2=0%), perioperative mortality (0.6% vs 0.6% for Mg and placebo
groups respectively, RR 1.06, 95% CI, 0.43 - 2.62, p=0.90; I2=0%),
aortic cross-clamping time (53 minutes vs. 55 minutes for Mg
and placebo groups respectively, SMD -0.12, 95% CI -0.55 - 0.32,
p=0.60;I2=95%) and duration of CPB (89 minutes vs. 88 minutes for
Mg and placebo groups respectively, SMD 0.30, 95% CI -0.05 - 0.66,
p=0.09; I2=91%).
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Figure 3:

Forest plot demonstrating the effects of intraoperative magnesium supplementation compared to placebo on post operative atrial
fibrillation after CABG surgery (random effects model).

Figure 4:

Forest plot demonstrating the effects of postoperative magnesium supplementation compared to placebo on post operative atrial
fibrillation after CABG surgery (fixed effects model since I2<25%).

Figure 5:

Forest plot demonstrating the effects of intraoperative+postoperative magnesium supplementation compared to placebo on post
operative atrial fibrillation after CABG surgery (random effects model).
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Summary of Egger’s and Begg’s test for publication bias

Outcomes

Egger’s test p-value

Begg’s test p-value

Overall POAF

0.002

0.008

POAF (Intraoperative Mg)

0.01

0.13

POAF (Postoperative Mg)

0.18

0.54

POAF (Intra- + Postoperative Mg)

0.84

1.00

p-value of <0.05 indicates publication bias

Intraoperative Magnesium supplementation subgroup
In 7 trials that evaluated prophylactic intraoperative Mg
supplementation, 16% patients had POAF in the intraoperative Mg
arm vs. 24% in the placebo arm with no reduction in POAF (RR
0.77; 95% CI: 0.49 - 1.22; p=0.27; I2=48.9%) [Figure 3].
There were no significant differences observed between the
two groups for perioperative MI (2.1% for Mg and placebo
groups respectively, RR 1.00; 95% CI 0.29 - 3.40, p=1.00, I2=0%),
perioperative mortality (0.3% vs. 0.5% for Mg and placebo groups
respectively, RR 1.44, 95% CI 0.23 - 9.04, p=0.70; I2=18.16%), aortic
cross-clamping time (SMD -0.10, 95% CI -1.46 - 1.28, p=0.89;
I2=98.33%) and duration of CPB (SMD 0.77, 95% CI -0.14 - 1.67,
p=0.09; I2=96.15%).
Postoperative Magnesium supplementation subgroup
Seven trials that evaluated postoperative Mg supplementation,
there was a significant reduction in the incidence of POAF (20% vs
29% for Mg and placebo groups respectively, RR 0.76; 95% CI 0.58
- 0.99; p=0.04; I2=17.6%) [Figure 4].
There were no significant differences observed between the two
groups for perioperative MI (1.9% vs. 2.0% for Mg and placebo
groups respectively, RR 0.98; 95% CI 0.25 - 3.77, p=0.97; I2=0%),
perioperative mortality (0.5% vs. 0.9% for Mg and placebo groups
respectively, RR 0.79, 95% CI 0.17 - 3.66, p=0.77; I2=0%), aortic
cross-clamping time (SMD -0.32, 95% CI -0.74 - 0.10, p=0.14;
I2=75.28%) and duration of CPB (SMD -0.08, 95% CI -0.38 - 0.21,
p=0.57; I2=51%).
Intraoperative plus Postoperative Magnesium supplementation
subgroup
In six trials evaluating a combined intra and postoperative
magnesium supplementation strategy, no reduction in POAF (31%
vs 34% for Mg and placebo groups respectively, RR 0.92; 95% CI
0.68 - 1.24; p=0.58; I2=51.8%) [Figure 5], perioperative MI (RR
1.60; 95% CI 0.66 - 3.90, p=0.30; I2=0%), perioperative death (RR
1.14; 95% CI 0.28 - 4.65, p=0.86; I2=0%) and aortic cross-clamp time
(SMD 0.03, 95% CI -0.15 - 0.22, p=0.73; I2=40%) was observed.
However, CPB time was significantly more in Mg group compared
to placebo (90 minutes vs. 85 minutes, respectively, SMD 0.19, 95%
CI 0.003 - 0.37, p=0.04; I2=0%).
Publication bias and Quality appraisal
A significant publication bias was identified overall for POAF
[Table 3]. Upon further stratification based on timing of Mg
administration, publication bias was significant for intra-operative
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strategy only. No publication bias was observed for perioperative
MI, mortality, aortic cross-clamping time and duration of CPB. The
publication bias observed did not change even after adjustments using
Duval and Tweedie’s trim and fill and addition of imputed studies.

Discussion

The current meta-analysis analyzed 2,430 patients and
demonstrated a significant reduction in POAF among patients
undergoing on-pump CABG surgery who received prophylactic Mg
supplementation in the postoperative period only. No significant
differences were observed in perioperative MI, mortality, aortic crossclamp time or duration of CPB between the two groups. To the best of
our knowledge, this is the first meta-analysis demonstrating the role
of prophylactic Mg supplementation (and different administration
strategies) in patients undergoing on-pump CABG surgery in
preventing POAF [41-46].
The precise mechanism by which prophylactic Mg supplementation
reduces POAF remains unclear. Hypomagnesaemia has been shown
to be proarrhythmic with studies demonstrating an increased risk
of atrial and ventricular arrhythmias [47,48]. In addition, studies have
shown that serum Mg levels do not correlate with myocardial tissue
magnesium levels [49], with low extracellular Mg associated with
abnormalities of depolarization, repolarization and automaticity
[50]
. Mg supplementation therefore significantly increases atrial
refractoriness by prolonging the action potential duration and
atrial effective refractory period [51-53]. A possible explanation to the
efficacy of postoperative Mg supplementation in reducing POAF, as
observed in our study, likely stems from the myocardial Mg depletion
in immediate postoperative period (circulating volume dilution
from extracorporeal support, use of diuretics which promotes Mg
excretion and/or norepinephrine induced redistribution of Mg from
intracellular to extracellular compartment). Myocardial Mg depletion
would not be reflected on serum Mg levels; and therefore could be
responsible for provoking atrial arrhythmias despite normal serum
Mg levels. Magnesium supplementation in the postoperative period
possibly offsets this process. In addition, POAF predominantly occurs
between postoperative day 1 and day 4 with the peak incidence at day
2, which is often associated with hypomagnesemia. This time course
also correlates with increased sympathetic activation (from surgical
stress and exaggerated by ß-blockers withdrawal) and has been
associated with POAF. Therefore, prophylactic Mg supplementation
postoperatively may attenuate adrenergic medicated automaticity and
reduce the incidence of POAF as observed in this study. Interestingly,
there was no reduction in POAF in patients with intraoperative or
intraoperative plus post-operative magnesium supplementation. The
exact explanation remains uncertain. Theoretically, the duration of
aortic cross-clamp time and CPB might be responsible for POAF
reduction, nonetheless no significant differences were observed
between the two groups.
Development of POAF after CABG adds a potentially preventable
significant burden to healthcare and is associated with increased
length of hospital stay. In a study by Aranki et al, length of stay
increased from 9.3 ± 19.6 days to 15.3 ± 28.6 days (p=0.001), which
was estimated to an additional charge of $10,055 for in-patient
hospital charges per patient [54]. Multiple agents have been explored
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to reduce the incidence of POAF after CABG including betablockers, anti-arrhythmic agents (sotalol and amiodarone) and Mg
supplementation. Amongst these agents, Mg is the least likelihood
of drug interactions and side effects, is readily available, well tolerated
by patients and inexpensive [55].
Due to multiple randomized clinical trials exploring the role and
utility of Mg prophylaxis, several meta-analyses have been conducted
in the past. The results of our study contrasts from the previously
reported meta-analyses by Gu et al and De Oliveira et al, both of
which demonstrated an overall reduction in POAF with magnesium
supplementation (RR=0.64; 0.50-0.83 and OR=0.69; CI 0.53-0.90,
respectively) [43,44]. In a sub-analysis by De Oliveira et al comparing
POAF between high-quality and low-quality studies, no reduction
of POAF was found with magnesium supplementation in higher
quality studies but a significant reduction was seen with low-quality
studies. However, no such differences were found in our sub-analysis
without any significant reduction in POAF when stratified by high
or low-quality studies (data not shown).

5.
6.

7.

8.

9.
10.

There are several limitations in this study. First, the studies included
in this study span a time of 25 years during which there has been
tremendous evolution in the surgical techniques. Second, majority
of trials included in our analysis did not specify concomitant use of
beta-blockers, which might have overestimated the effectiveness of
Mg in the postoperative sub-group. Finally, a publication bias was
observed in the overall results of the study and the included trials had
diverse dosing regimens, mode of supplementation and follow-up
time period. However, no significant heterogeneity was observed for
POAF reduction in the postoperative Mg supplementation group.
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Conclusions

Magnesium supplementation, especially in the postoperative
period, is an effective strategy in reducing POAF following on-pump
CABG surgery. Further large randomized controlled trials are needed
to validate our results and whether this reduced incidence of POAF
would translate into reducing length of stay and healthcare cost.
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Abstract

Background : Data suggests that same day discharge after implantation of trans-venous pacemakers is safe and feasible. We sought to
determine whether same day discharge was feasible and safe following implantation of Medtronic MICRA leadless pacemakers.
Methods : We retrospectively identified all patients undergoing MICRA placement at our institution between April 2014 to August 2018
(n=167). Patients were stratified into two groups: those discharged on the same day as their procedure (SD, n=25), and those observed for
at least one night in the hospital (HD, n=142). The primary endpoint included a composite of major complications including: access site
complications, new pericardial effusion, device dislodgement, and need for device revision up to approximately 45 days of follow up.
Results : SD and HD had similar age (75±13 vs. 75±13 years, p=0.923), prevalence of male sex (49 vs. 44%, p=0.669), and frequency
of high-grade heart block as an indication for pacing (38 vs. 32%, p=0.596). There were more Caucasians in the SD group (72 vs. 66%,
p=0.038). The rate of the composite endpoint was statistically non-significantly higher in the HD group (3.5% vs. 0.0%, p=1.00). The rates of
each individual components comprising the composite endpoint were similar between groups.
Conclusions : Our data suggest that in appropriately selected patients, same day discharge can occur safely following Micra leadless
pacemaker implantation.

Introduction

Currently over one million cardiac pacemakers are implanted
each year, with 200,000 of those placed in the United States[1,2]. A
relatively novel development in pacemaker technology is the advent
of leadless pacemakers, designed to avoid long-term complications
associated with traditional transvenous systems[3,4]. The Medtronic
MIRCA transcatheter pacing system (TPS) is a single chamber
ventricular pacemaker with functionality similar to traditional
transvenous pacing systems[5-7]. It is, however, 93% smaller than
traditional transvenous systems[7]. The device is implanted directly
into the right ventricle via percutaneous femoral venous access and is
affixed to the myocardium with 4 nitinol tines[5]. The MICRA TPS[6]
has enjoyed a high rate of procedural success[5,7]. However, consensus
on optimal strategies for post-implantation management for the
MICRA system are yet to be established.
Same-day discharge after cardiac implantable electronic device
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procedures is often considered routine[8,9]. While the transvenous
access required for placement of the MICRA system is large
(27 French outer diameter sheath)[6], the procedural stress of
implantation of leadless pacemaker devices is, in principle, similar to
other transcatheter cardiovascular procedures. Longer hospital stay
is typically associated with higher cost to the patient and health care
system[8] and can expose patients to hospital acquired complications.
Thus, elucidating the shortest time required to safely monitor
patients after MICRA TPS is desirable. We sought to investigate
the safety and feasibility of same-day discharge after MICRA TPS
implantation.

Methods

Patient Selection
We retrospectively evaluated all patients who underwent placement
of the Medtronic MICRA leadless pacemaker system from April
of 2014 to May of 2018 at three hospitals within our institution
(Emory University Hospital, Emory University Hospital Midtown
and Emory Saint Joseph’s Hospital). This study was approved by our
institutional review board.
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Data collection and Endpoints

We evaluated all routine medical history and pre-procedure medication information and procedural characteristics including time to
discharge. We also evaluated metrics relevant to the procedure including indications for pacing, continuation of active anticoagulation
during the periprocedural period, mode of sedation, fluoroscopy time
(as a surrogate for difficulty of device placement), whether hemostasis was achieved in the lab or in the recovery area, as well as use of
a superficial soft tissue “figure of eight” hemostatic suture[11], as each
of these could potentially influence the need for further inpatient
observation. We also included information regarding the status and
performance of the leadless pacemaker and procedure-related complications following the procedure and during routine post-procedural follow up (typically 4-6 weeks after implantation).
Device performance at implant/discharge and up to routine first
post-implant follow up were characterized. Device malfunction was
defined according to the criteria used in the MICRA investigational
device exemption (IDE) study[6]. Complications were grouped into
1) procedure-related major complications (death, permanent loss of
device function, need for system revision or replacement with a transvenous pacing system), and 2) groin access site related complications
(hematoma, retroperitoneal bleeding, pseudoaneurysm, arteriovenous
fistula, infection) which were characterized as “major” for any complication that required direct intervention including medical therapy
or percutaneous or operative intervention) and “minor” if they were
only observed and did not require direct clinical intervention. The
primary endpoint of the study was a composite of all major groin access and procedure related complications. Each individual endpoint
was secondarily evaluated individually.
Statistical Analysis
Patients were categorized into two groups for analysis: those
discharged on the same day as their procedure (same day discharge) and
those observed at least overnight (or longer) in the hospital (hospital
admission group). Among the hospital admission (HD) group, a
subgroup analysis was done by stratifying the group between those
admitted after placement of the MICRA TPS (n=73) and those that
were admitted for other primary indications and underwent MICRA
TPS during the course of their hospital stay (n=69). Among those
for whom quantitative metrics from follow up device interrogations
were not available, there was a subset (n=24) for whom qualitative
results (i.e. “normal function” vs. “device malfunction”) were available
and were included in the final analysis for device malfunction.
Normality of distribution of continuous variables was tested using
the Kolmogorov–Smirnov test. Comparisons of continuous baseline
variables across groups were performed using the Student’s t-, and
Mann-Whitney U tests, for normally and non-normally distributed
data, respectively. The mean differences between initial and final
values included those pertaining to the function of the pacemaker
device: impedance (in Ohms), pacing capture threshold (in Volts), and
sensing amplitude (in millivolts) were evaluated using the paired-t
test for normally distributed variables, or Wilcoxon signed rank test
for variables found to have non-normal distributions. Comparison of
categorical variables was performed using Chi-squared and Fisher’s
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Exact tests for binary categorical variables where appropriate, and
Mann-Whitney U test for ranked ordinal level variables. All analyses
was performed using IBM SPSS ver. 25 (2017; IBM SPSS Statistics
for Macintosh, Version 25.0. Armonk, NY: IBM Corp).

Results

Baseline and Procedure Related Characteristics
We identified 167 patients that underwent MICRA TPS
implantation during the study period. Patients in the same-day
discharge (SD) group (n=25) were more often white and Hispanic
compared to the HD group. The HD group had a statistically nonsignificant higher burden of comorbidities [Table 1] including
coronary artery disease (42.2% vs. 28%), congestive heart failure
(44.4% vs. 24.0%), peripheral vascular disease (20.4% vs. 8.0%), end
stage renal disease (17/6% vs. 4.0%), bacteremia (8.5% vs. 0.0%), and
endocarditis (5.6% vs. 0.0%).
Table 1: Baseline Clinical Characteristics
HD
(n=142)

SD
(n=25)

P-level

Age (years)

75 (±13)

75 (±13)

0.923

Sex (Male)

49.3%

44.0%

0.669
0.038

Race
White

66.2%

72.0%

African American

33.1%

20.0%

Hispanic

0.7%

8.0%

Other

0.0%

0.0%

Hypertension

81.7%

80.0%

1.000

Diabetes

33.8%

36.0%

1.000

Hyperlipidemia

62.0%

64.0%

1.000

Coronary Artery Disease

42.3%

28.0%

0.194

Systolic

9.9%

4.0%

Diastolic

34.5%

20.0%

Stroke

12.0%

12.0%

1.000

Peripheral Vascular Disease

20.4%

8.0%

0.172

Tobacco Abuse

20.4%

20.0%

1.000

COPD

16.9%

16.0%

1.000

Stage I

4.4%

16.0%

Stage II

3.7%

0.0%

Stage III

11.8%

8.0%

Stage IV

5.9%

0.0%

Stage V

4.4%

0.0%

End Stage Renal Disease

17.6%

4.0%

Hemodialysis

16.2%

4.0%

Peritoneal Dialysis

1.4%

0.0%

Other

0.7%

0.0%

History of Bacteremia

8.5%

0.0%

0.217

History of Endocarditis

5.6%

0.0%

0.283

History of Syncope

26.1%

24.0%

1.000

199 (±82)

200 (±200)

0.620

0.204

Congestive Heart Failure

0.238

CKD

0.131
0.365

Type of Renal Replacement

EKG Metrics
PR interval (ms)
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QRSd (ms)

115 (±42)

111 (±111)

Bundle Branch Block Type

0.846

Right Bundle

19.3%

20.8%

Left Bundle

9.3%

12.5%

IVCD

7.1%

4.2%

QTc (ms)

458 (±50)

456 (±41)

0.242

INR

1.61 (±0.65)

1.85 (±0.57)

0.674

Aspirin Therapy

43.3%

32.0%

0.380

Other Antiplatelet Agents

12.1%

0.0%

0.059

Statin Therapy

49.3%

56.0%

0.665

Beta Blocker

44.0%

44.0%

1.000

Calcium Channel Blocker

33.3%

36.0%

0.821

ACE/ARB Therapy

35.5%

36.0%

1.000

Aldactone

2.8%

12.0%

0.070

Antiarrhythmic Therapy

9.4%

8.0%

1.000

Warfarin

35.2%

48.0%

0.264

DOAC

26.1%

24.0%

Anticoagulation Interrupted

HD
(n=142)

SD
(n=25)

P-level

78.9%

72.0%

1.000
0.792

Indication for Pacing

1.000

Baseline Characteristics at the time of MICRA TPS implantation. ACE =Angiotensinogen Converting
Enzyme Inhibitor; ARB=Angiotensin Receptor Blocker; CKD=Chronic Kidney Disease; COPD=Chronic
Obstructive Pulmonary Disease; ; DOAC=Direct Oral Anticoagulant; EKG=Electrocardiogram;
ms=milliseconds; INR=International Normalize Ratio; IVCD=(nonspecific) Interventricular
Conduction Delay; QTc=Corrected QT interval.

Both groups otherwise had similar baseline characteristics
including ECG characteristics and active medications [Table 1].
There was a similar distribution of indications for pacing between
groups [Table 2].
There were no significant differences in procedural characteristics
between groups [Table 2]. The procedure was primarily performed
under moderate sedation in both groups (96.0% vs. 97.7%, p=1.00).
The length of fluoroscopy time was similar between the SD and HD
groups (4.1 vs. 5.3 minutes, p=0.206), as was utilization of a “figure
of eight” hemostatic suture (80.0% vs. 70.4%, p=0.47). Similarly,
there was no significant difference in the proportion of patients in
SD and HD that underwent the procedure while on therapeutic
anticoagulation (18.0% vs. 12.1%, p=1.00).
All patients had follow-up sufficient to assess groin and procedure
related complications. Follow up device interrogations were available
in 74% (125/167) of patients. In total, 33 patients did not have
quantitative follow up interrogation data (two in the SD group and
thirty-one in the HD group). These patients were either lost to follow
up to the device clinic (n=26), had their device revised (n=1), or died
(n=6) prior to their follow up interrogations. Interrogation data
from both the time of implantation and at follow up was available
in 76% (19/25) of patients in the same day discharge group and 69%
(97/142) of patients in the HD group. However, after including
patients for whom qualitative results were available (see Methods),
follow up device function was available in 89% (149/167) of patients.
Procedural Outcomes
Baseline and follow up metrics of device function were similar
between groups [Table 3].
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Table 2: Procedure Related Characteristics

0.472

Sinus Node Dysfunction

32.4%

32.0%

AV Block

40.1%

40.0%

His Ablation

22.5%

20.0%

Symptomatic Bradycardia

1.4%

1.4%

Other Indication NOS

3.5%

4.0%

Fluoroscopy Time (minutes)

5.34 (±4.69)

4.09 (±2.89)

Anesthesia type

0.206
1.000

Moderate Sedation

97.7%

96.0%

General Anesthesia

1.5%

4.0%

Figure of Eight Suture Used

70.4%

80.0%

0.470

Length of Stay, Median (IQR)

0 (0)

1 (1)

N/A

Procedure related characteristics among SD and HD groups. AV=Atrioventricular; IQR=Interquartile
Range; NOS=Not Otherwise Specified.

Table 3: Device Performance Metrics at Implantation and Follow up
HD

SD

At Implantation

(N=132)

(N=22)

Final Pacing Impedance (Ohms)

699 (±196)

768 (±177)

0.127

Final Pacing Capture Threshold
(Volts)

0.631 (±0.469)

0.685 (±0.434)

0.620

Pulse Width (milliseconds)

0.329 (±0.216)

0.317 (±0.109)

0.816

Final Sensing Amplitude (in mV)

10.753 (±5.408)

10.996 (±5.554)

0.846

Lower Rate (BPM)

62 (±12)

60 (±12)

0.515

At Follow Up

(N=103)

P-level

(N=22)

Follow up Pacing Impedance (Ohms)

614 (±123)

624 (±107)

0.729

Follow up Pacing Capture Threshold
(Volts)

0.633 (±0.601)

0.768 (±0.495)

0.328

Pulse Width (milliseconds)

0.31 (±0.09)

0.3 (±0.08)

0.699

Follow up sensing amplitude (mV)

12.625 (±5.778)

13.532 (±7.12)

0.598

Follow Up Lower Rate

62 (±11)

60 (±10)

0.462

Changes from Implantation to Follow Up

(N=98)

(N=19)

Change in Impedance (Ohms)

-98 (±171)

-155 (±100)

0.166

Change in Capture Threshold (Volts)

0.014 (±0.570)

0.016 (±0.227)

0.992

Change in Pulse Width
(milliseconds)

-0.018 (±0.263)

-0.015 (±0.127)

0.965

Change in Sensing Amplitude (mV)

2.28 (±4.88)

2.59 (±4.68)

0.802

Change in Impedance (%)

-16.88 (±29.25)

-23.63(±15.06)

0.331

Change in Capture Threshold (%)

-17.78 (±73.69)

-4.98 (±35.93)

0.255

Change in Pulse Width (%)

-15.65 (±105.48)

-10.49 (±44.98)

0.844

Change in Sensing Amplitude (%)

4.59 (±89.11)

2.56 (±69.07)

0.928

Device Performance metrics from interrogations from those in whom quantitative interrogations
were available. BPM=beats per minute; mV=millivolts.
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Table 4: Procedure Related Complications
HD
(n=142)

SD
(n=25)

P-level

Major Groin Complication

1.4% (2/142)

0% (0/25)

1.000

Hematoma

0% (0/2)

0%

Pseudoaneurysm

50% (1/2)

0%

Retroperitoneal Bleed

0% (0/2)

0%

Other (including infection)

50 (1/2)%

0%

Minor Groin Complication

2.8% (4/142)

8.0% (2/25)

Hematoma

75% (3/4)

50% (1/2)

Pseudoaneurysm

0% (0/4)

0% (0/2)

Retroperitoneal Bleed

0% (0/4)

0% (0/2)

Other (including infection)

25% (1/4)

50% (1/2)

Pericardial Effusion

0.7% (1/142)

0% (0/25)

1.000

Any Dislodgment*

2.4% (3/125)

0%

0.226

Need for Revision of System

1.4% (2/142)

0%

1.000

Transvenous Pacemaker after MICRA

1.4% (2/142)

0%

1.000

0.223

Procedural Complications

Procedure Related Complications over total follow up time. *Among those that had follow up
interrogations with quantitative or qualitative data available.

The rate of the composite endpoint was statistically nonsignificantly higher in the HD group (3.5% vs. 0.0%, p=1.00). There
was a similar rate of major and minor groin complications between
groups [Table 4].
Similarly, there was no significant difference in the rate of
procedure-related compilations between either group [Table 4]. The
mean length of stay for the HD group was 2.5 ± 3.5 days. The mean
length of stay for those admitted after MICRA TPS was 1.4 ± 1.4
days, whereas it was 3.8 ± 4.5 days among those admitted for other
reasons that underwent MICRA TPS during the course of their
hospitalization (p<0.001).
Mean time to initial follow up after MICRA TPS was shorter
for the SD compared to HD groups (58 ± 52 vs. 119 ± 172 days,
p=0.003). However, total follow up time for the study was similar
between the SD and HD groups (477 ± 429 vs. 507 ± 450 days,
p=0.760).
Major Procedure Related Complications
In the HD group, two (2/140) patients developed major groin
complications. One patient developed a small pseudoaneurysm
and associated hematoma which resolved with observation alone
and a superficial groin site infection (considered minor) treated
conservatively with oral antibiotics with good result. The second
developed an acute right iliac and femoral vein DVT on postprocedure day 2, in the setting of having oral anticoagulation held.
Oral anticoagulation was resumed without further incident. There
were no major groin complications in the same day discharge group
(0/25).
Two patients in the HD group had procedure related complications.
The first patient had a micro-dislodgement with significant rise in
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capture thresholds and required upgrade to a transvenous system
approximately 6 weeks after implantation. The second had a difficult
implantation with subsequent pericardial effusion and tamponade
requiring drainage. The patient did eventually require upgrade to a
transvenous system, but this was approximately 10 months after the
procedure. There were no major procedure related complications in
the same day discharge group.

Discussion

Optimal strategies for post-procedural management of MICRA
TPS placement have not been described. In this small single center
study, same-day discharge after MICRA TPS placement appears
to be safe and feasible. We did not identify any difference in major
complications, including problems with device function, procedural
and access complications, between those discharged on the day of
procedure compared to HD.
The goal of this study was primarily to demonstrate feasibility
of early discharge among patients undergoing MICRA TPS. The
goal of early discharge is this setting is to facilitate early mobility
and decrease unnecessary utilization of medical resources. A wide
range of lengths of stays have been previously reported for leadless
pacemaker systems[13,14]. However, to the best of our knowledge, no
report to date has described same day discharge among patients
undergoing MICRA TPS, nor outcomes after early compared to late
discharge. Ritter et al. reported that time to discharge varied widely
geographically among those undergoing MICRA TPS[13]. Of those
not discharged on the day of procedure, the length of stay in our
study was similar to previously reported data[13].
Importantly, there were notable differences between the SD and
HD groups. Patients in the HD group had a higher, albeit statistically
non-significant incidence of end-stage renal disease, bacteremia and
endocarditis compared to those in the SD group. The HD group
was also, in part, comprised of patients admitted for other acute or
decompensated illness who received a MICRA TPS as part of their
overall care. Given this, the SD group represents a cohort of patients
who were likely less sick and had fewer co-morbidities than the HD
group. Taken together, our data suggest that same day discharge,
while not appropriate for all patients, is indeed safe and feasible
among properly selected patients at the discretion of the treatment
team.
Our study has several limitations. Same day versus overnight
observation after MICRA implantation was not randomly allocated
and it’s likely that selection bias played a role in identifying those
felt most suitable for same day discharge. As such, it is likely that
the patients that were discharged on the same day were those of
lowest clinical risk.In addition, the practice of same day discharge
was embraced after the investigators acquired ample experience
with this procedure. However, this would still argue that, in properly
selected patients and in the hands of experienced operators,s sameday discharge is feasible in patients after TPS. Moreover, baseline
and pre-procedural characteristics, as well as indications for pacing,
were similar between groups. Second, our sample size, especially the
same day discharge group, was small. As such, our ability to detect
differences in rare complications was limited. Our study also suffered
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from a high rate of loss to follow up in terms of quantitative device
interrogations (15.6%). Furthermore, the rate of loss to follow up
in this regard was higher in the hospital admission group compared
to the SD group (17% vs. 8%). However, our complication rates
were consistent with prior studies[5]. Likewise, the metrics of device
function at implantation and on follow up that were available were
consistent with prior reports[6].

Conclusion

Our data suggest that in appropriately selected individuals, same
discharge after MICRA TPS is feasible and safe.
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Abstract

Atrial fibrillation (AF) is the most common sustained arrhythmia encountered in practice and is the leading cause of debilitating strokes
with significant economic burden. It is currently not known whether asymptomatic undiagnosed AF should be treated if detected by various
screening methods. Currently United States guidelines have no recommendations to identify patients with asymptomatic undiagnosed AF
due to lack of evidence. The American Heart Association Center for Health Technology & Innovation undertook a plan to identify tools in
3 phases that may be useful in improving outcomes in patients with undiagnosed AF. In phase I we sought to identify AF risk factors that
can be used to develop a risk score to identify high-risk patients using a large commercial insurance dataset. The principal findings of this
study show that individuals at high risk for AF are those of advance age, the presence of heart failure, coronary artery disease, hypertension,
metabolic disorders, and hyperlipidemia. Our analysis also found that chronic respiratory failure was a significant risk factor for those over
65 years of age and chronic kidney disease for those less than 65 years of age.

Introduction

Atrial fibrillation (AF) is the most common sustained arrhythmia
encountered in practice and is the leading cause of debilitating
strokes[1], leading to significant economic burden[2]. While AF
presently affects 2.7-6.1 million, it is expected to increase to 12.1
million by 2030.[1] AF may be asymptomatic and underdiagnosed
with the first presentation being a stroke.[3] Studies estimate that 13%
to 40% of patients with AF are undiagnosed.[4,5] Strokes associated
with AF have worse outcomes resulting in larger cerebral infarct size,
more hemorrhagic transformation, subsequent disabilities, and death.
[6]
Increasing awareness of AF by clinicians and patients may lead to
an earlier diagnosis and treatment, resulting in fewer adverse health
outcomes. However, the United States Preventive Task Force has
stated there is insufficient evidence to endorse electrocardiographic
(ECG) screening for AF. [7]
The American Heart Association’s Center for Health Technology
& Innovation undertook a plan to identify tools that may be useful
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in improving outcomes in patients with undiagnosed AF. The
work plan consists of 3 phases. Phase I is to develop a predictive
screening tool, using multivariate logistic regression to calculate the
risk of developing AF. Phase II is to create and evaluate the use of
the screening tool developed in Phase I to prospectively identify
individuals at high risk for the onset of AF, as compared to usual
care. Phase III will ask patients with newly diagnosed with AF to
enroll in a study that would compare compliance with AF treatment
in patients using a digital tracking device to usual care. The results
of our analysis reported here are from phase I of the study. The aim
of this analysis was to address the problem of undiagnosed AF in
the US population by gaining a better understanding of the factors
associated with AF.
We hypothesized that using a large population database could
potentially identify clinically important risk factors associated with
AF. The primary objective of this phase of the study was to identify
patients at high risk for undiagnosed AF.

Methods

We performed a retrospective cohort study using a commercial
dataset to identify risk factors that are associated with AF ICD
diagnosis codes of 427.31.
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Data source
A commercial dataset representing over 50 health plans and selfinsured employers, representing all 50 states and containing 535,499
records, including 4862 cases of AF from 2010-17 was used in this
analysis. The dataset was cross-sectional, and all records were deidentified. The dataset included demographic data, including age
and gender, frequency of 40 chronic conditions as identified by
ICD codes, biometric measures, including height, weight, and blood
pressure, and cost data, including pharmacy and total paid claims.

Most participants were under the age of 65 years (n = 490,566;
91.6%). A clear minority of participants were age 65 years or older (n
= 44,883; 8.4%). For the under age 65-year participants, (n = 2,353;
0.48%) were coded YES for AF and (n = 488,213; 99.5%) were coded
NO for AF. For the age 65 years or older, (n = 2,509; 5.59%) were
coded YES for AF and (n = 42,374; 94.41%) were coded NO for AF.
Overall for both age groups, (n = 4,862; 0.91%) were coded YES for
AF and (n = 530,587; 99.09%) were coded NO for AF.

Calculations
To assess the risk of stroke in this patient population the CHADS2
and CHA2DS2-VASc scores were calculated,[8] as well as the number
of chronic conditions.
Statistical analysis
Statistical analysis was performed with SPSS version 25. Chi
Square, binary logistic regression and hierarchical logistic regression
were conducted to test the hypothesis that AF could be predicted
from demographic, biometric, and claims data. Chronic conditions,
including AF were coded as binary variables, Yes=1 and No=0.
Frequencies, prevalence of AF and odds ratios were calculated
from the binary variables. Frequencies of AF were calculated by
CHADS2 and CHA2DS2-VASc scores. Independent sample t-tests
were calculated for height, weight, body mass index, systolic blood
pressure, diastolic blood pressure, number of chronic conditions, age,
total pharmacy cost, and lifetime paid claims, comparing cases with
AF and cases without AF. Binary and hierarchical logistic regression
was performed with AF as the dependent variable.

Results

Descriptive statistics
[Table 1] provides a breakdown of cases with and without AF by
gender and age. The total number and rate of AF was higher in males
than in females. The rate of AF increased with age. [Figure 1] shows
the age distribution of the patient population in the database. [Table
2] shows the distribution of the presence of AF with respect to sex
and age.
There was a slight majority of male participants (n = 286,710;
53.4%) to female participants (n = 248,101; 46.2%). For the male
participants, (n = 3,255; 1.14%) were coded YES for AF and (n =
283,455; 98.86%) were coded NO for AF. For the female participants,
(n = 1,603; 0.65%) were coded YES for AF and (n = 246,496; 99.35%)
were coded NO for AF. Overall for both genders, (n = 4,858; 0.91%)
were coded YES for AF and (n = 529,963; 99.09%) were coded NO
for AF.
Table 1:

Frequency of AF by age and gender

Group

+ AF

-AF

Rate /1000

Male

3255

283455

.011

Female

1603

246498

.003

Age: 18-64

2488

466468

.005

Age: 65-74

1302

31724

.039

Age: ≥75

1403

11092

.112
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Figure 1:
Table 2:

Age distribution of the patient population in the database.
Distribution of age and sex in patients with AF.
<65 years

≥65 years

Males

0.66%

7.03%

Females

0.28%

4.75%

Associated chronic conditions
The dataset included a total of 40 of the most common chronic
conditions to look for possible trends. Metabolic disorders included
unspecified metabolic conditions not including metabolic syndrome
or diabetes. [Table 3] is a breakdown of each condition, including a
2X2 table of the presence or absence of AF and each chronic condition.
From the table the rate of AF and each factor can be calculated, as
well as the odds ratio. A Chi Square analysis was performed for each
chronic condition to determine of there was a statistically significant
relationship between AF and each chronic condition. The top 10
chronic conditions were used in the logistic regression model. Since
age of a robust predictor of AF, and since this commercial dataset is
heavily weighted to younger individuals, the rates, odds ratio and Chi
Square were conducted for cases under age 65 and over age 65.
CHADS2 and CHA2DS2-VASc and AF. The CHADS2 and
CHA2DS2-VASc scores were calculated from the data. [Table 4] is a
summary of the rate of AF by CHADS2 scores, and [Table 5] is the
summary of the rate of AF by CHA2DS2-VASc scores. In both scores
the rate of AF increases with each level.
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Table 3:

Calculation of odds ratio and Chi Square for common chronic conditions for the total group.

Factor

+AF, + Factor

+AF, -Factor

-AF, + Factor

-AF, -Factor

Odds Ratio

Chi Square

P value

ADHD

26

4837

7148

524546

.394

23.9

<.05

Affective psychosis

33

4830

3073

528621

1.2

.848

NS

Alzheimer’s

62

4801

236

531458

29.1

1314

<.05

Asthma

343

4520

14726

516968

2.6

323

<.05

Autism

0

4863

228

531466

.99

2.086

NS

Blood disorders

1428

3435

21495

510199

9.8

7555

<.05

Bronchopulm. dysplasia

0

4863

3

531691

.99

.027

NS

CAD

1652

3211

9675

522019

27.7

24105

<.05

CKD

638

4225

4064

537630

19.6

8468

<.05

COPD

690

4173

4547

527147

19.1

8864

<.05

Cancer

997

3866

16434

515260

8.0

4647

<.05

Cerebral palsy

1

4862

139

531555

.787

.058

NS

Chromosomal abnorm.

4

4859

161

531533

2.7

4.3

<.05

Chronic pain

317

4546

7089

524605

5.1

951

<.05

Chronic resp fail

227

4636

638

531056

40.7

6192

<.05

Heart failure

1354

3509

2902

528792

70.3

45630

<.05

Demyelinating diseases

16

4847

953

530741

1.8

5.9

<.05

Depression

257

4606

14358

517336

2.0

121

<.05

Developmental disorders

5

4858

308

531386

1.7

1.6

NS

Diabetes

1370

3493

28755

502939

6.8

4712

<.05

ESRD

154

4709

682

531012

25.4

2859

<.05

Eating disorders

39

4824

745

530949

5.7

144

<.05

HIV/AIDS

8

4855

341

531353

2.5

7.4

<.05

Hyperlipidemia

2717

2146

61692

470002

9.6

8939

<.05

Hypertension

3628

1235

70102

461592

19.3

15336

<.05

Immune disorders

48

4815

1006

530668

5.2

156

<.05

Inflammatory bowel dis

54

4809

2171

529523

2.7

57

<.05

Intellectual disabilities

2

4861

77

531617

2.8

2.3

NS

Liver diseases

289

4574

6625

525069

5.0

835

<.05

Lower back pain

825

4038

37016

494678

2.7

735

<.05

Metabolic disorders

3305

1558

76023

455671

12.7

11015

<.05

Metabolic syndrome

49

4814

1586

530108

3.4

79.8

<.05

Morbid obesity

420

4443

8780

522914

5.6

1395

<.05

Osteoarthritis

1072

3791

18686

513008

7.7

4664

<.05

Paralysis

82

4781

690

531004

13.1

812

<.05

Peripheral vascular dis

341

4522

2183

529511

18.2

4485

<.05

Rheumatoid Arthritis

98

4765

2480

529214

4.3

241.7

<.05

Sickle cell disease

1

4862

88

531606

1.2

.047

NS

Sleep apnea

1389

3474

23540

508154

8.6

6336

<.05

Stroke

1303

3850

9511

499791

17.8

13595

<.05

+AF indicates number of positive cases of atrial fibrillation, -AF indicates number of negative cases of atrial fibrillation, +Factor means the number of positive cases of condition listed on the
left, - Factor means the number of negative cases of the condition listed on the left. ADHD = attention deficit and hyperactive disorder, CAD=coronary artery disease, CKD=chronic kidney disease,
COPD=chronic obstructive pulmonary disease, ESRD=end stage renal disease.

Comparison of means
The dataset included a subset of continuous variables including
body composition, blood pressure, number of chronic conditions and
cost variables. [Table 6] shows the results of independent samples
t-test comparing cases with AF to those without AF. While there
was no difference in height or blood pressure, there were statistically
significant differences in weight and body mass index. Individuals
with AF were significantly older, had more chronic conditions and
had higher medical and pharmacy costs than those without AF.
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Logistic Regression
Since the chronic conditions are binary factors (yes or no) simple
binary logistic regression was used to determine the relationship
between AF and each chronic condition [Table 7]. The highest
Nagelkerke r squared is for the number of chronic conditions. Age,
hypertension (HTN), coronary artery disease (CAD), congestive
heart failure (CHF) and metabolic disorders had the highest
Nagelkerke scores. Binary logistic regression was also performed on
the under age 65 and over age 65 cohorts.
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CHADS2 score distribution of the patient population

Table 6:

Comparison of means for continuous variables

CHADS2

Total

%

AF

%

Rate/1000

Factor

AF

N

Mean

SD

P value

0

415,583

80.8

874

0%

2.10

Height

Yes

526

65.53

15.8

.105

1

66,589

12.9

1,362

2%

20.45

No

47285

64.48

14.9

2

22,089

4.3

1,078

5%

48.80

Yes

526

211.07

75.1

3

5,671

1.1

751

13%

132.43

No

47285

182.37

62.0

4

3,136

.6

544

17%

173.47

Yes

526

25.4

15.3

5

1,110

.2

398

36%

358.56

No

47285

22.0

13.8

6

268

.1

146

54%

544.78

Yes

526

124.6

17.8

No

47285

122.1

34.1

Yes

526

77.4

11.3

No

47285

76.2

13.1

Yes

4863

5.64

2.9

No

531694

.8

1.5

Yes

4862

66.1

14.6

No

530587

42.0

15.4

Yes

4852

9800.9

32100

No

417586

2578.9

15861

Yes

4852

163592

70031

No

417586

46933

12007

CHADS2=CHADS2 score, Total: Number of cases in CHADS2 score, %: percentage of cases in
CHADS2 score, AF=number of cases of atrial fibrillation, %=percentage of atrial fibrillation cases.

Table 5:

CHA2DS2-VASc score distribution of the patient population

CHA2DS2-VASc
Score

Total

%

AF

%

Rate/1000

0

193,811

37.7

490

0%

2.53

1

241,617

47.0

964

0%

3.99

2

48,182

9.4

965

2%

20.03

3

19,012

3.7

838

4%

44.08

4

6,461

1.3

613

9%

94.88

5

2,902

.6

524

18%

180.57

6

1,511

.3

370

24%

244.87

7

663

.1

259

39%

390.65

8

237

.0

101

43%

426.16

9

39

.0

27

69%

692.31

Total: Number of cases in CHA2DS2VASc score, %: percentage of cases in CHA2DS2VASc score,
AF=number of cases of atrial fibrillation, %=percentage of atrial fibrillation cases

A hierarchical logistic regression model was performed for the
whole group [Table 8] and separately for the under 65 and over 65
cohorts. Variables selected for the logistic regression model were
based on the variables with the top 10 odds ratios. Since age resulted
in a higher Nagelkerke score than any of the chronic conditions it
was added to the model.
CAD, HTN, CHF, chronic respiratory failure and age were
common to all 3 models. Only CKD in the under 65 cohort and
COPD in the over 65 cohort were added. Since age is in the model
and the highest ROC and Nagelkerke r squared was achieved in the
total group there appears to be no reason to have a separate predictive
model for each age group.

Discussion

Our principal findings show that individuals at high risk for AF are
those of advance age, the presence of CHF, CAD, HTN, metabolic
disorders, and hyperlipidemia. Our analysis also found that chronic
respiratory failure was a significant risk factor for those over 65 years
of age and chronic kidney disease for those less than 65 years of age.
Risk scores for predicting AF have been developed by the
Framingham Heart Study and Cohorts for Heart and Aging Research
in Genomic Epidemiology (CHARGE)-AF consortium. The risk
score was validated in different ethnic groups including whites,
Hispanics and African Americans.[9] In a community-based cohort,
the CHARGE-AF risk score was compared to the CHA2DS2-VASc
risk score and found to perform better at predicting AF.[10] In another
AF risk score study COPD was found to be a significant risk factor
in a Chinese population study. [11]
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Weight

Body mass index

Systolic blood pressure

Diastolic blood pressure

# of chronic conditions

Age

Total Rx cost

Lifetime paid claims

.000

.000

.896

.051

.000

.000

.000

.000

Awareness of this high-risk group can be a signal to primary care
physicians to pay more attention to the possibility that these patients
are at greater risk for AF and, in turn, for stroke. This predictive tool has
the potential, following further validation, to assess large amounts of
patient claims and electronic medical record data to identify patients
in need for AF detection devices. An additional possible use of this
data would be in risk stratifying corporate employees for proactive
encouragement to establish a relationship, and to stay engaged with
a primary care physician.
Several studies are underway to determine if opportunistic AF
detection leads to decreased strokes, heart failure and mortality.
[12]
Screening tools such as pulse palpation followed by ECG,
sphygmomanometer with rhythm determinations and rhythm
monitoring devices are being studied to identify patients with
asymptomatic AF.[12] However, it has yet to be determined whether
asymptomatic AF detected through opportunistic means such as
implanted devices or screening studies should prompt the same
treatment for symptomatic AF.[12] The AF Screen International
Collaboration acknowledged that health resources vary widely
between countries and health systems and thus AF screening should
be both country- and health system-specific. Large randomized
outcomes studies are needed to strengthen the evidence base of
the value of detecting asymptomatic AF. Guidelines vary in their
recommendations for opportunistic screening for AF. The European
Society of Cardiology AF guidelines has a level IB recommendation
for opportunistic screening for AF by pulse taking or ECG rhythm
strip in patients >65 years of age as well as routine detections of
atrial high rate episodes in patients with implanted devices. Further
evaluation for treatment of AF is then recommended.[13] The
American guidelines make no recommendations for opportunistic
AF screening but consider it a priority for stroke prevention. Efforts
are underway to provide randomized controlled trials to determine
the value of opportunistic AF screening.
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Table 7:

Binary Logistic Regression for total group and common chronic conditions

Factor

Wald

Nagelkerke

OR

LL

UL

P value

ADHD

.22.298

.001

.394

.268

.580

.000

Affective psychosis

.846

.000

1.175

.833

1.658

.846

Alzheimer’s

551.969

.005

29.082

21.954

38.527

.000

Asthma

299.409

.004

2.644

2.384

2.977

.000

Blood disorders

5036.616

.066

9.867

9.263

10.511

.000

CAD

10807.959

.130

27.759

26.073

29.544

.000

CKD

4315.374

.046

19.605

17.940

21.425

.000

COPD

4564.768

.049

19.169

17.595

20.884

.000

Cancer

3298.310

.042

8.086

7.529

8.683

.000

Chromosomal abnorm.

3.898

.000

2.718

1.007

7.332

.048

Chronic pain

765.563

.010

5.160

4.594

5.796

.000

Chronic respiratory failure

2220.662

.022

40.757

34.933

47.552

.000

Heart failure

13202.329

.148

70.311

65.391

75.601

.000

Demyelinating diseases

5.815

.000

1.838

1.121

3.016

.016

Depression

116.379

.002

2.010

1.771

20282

.000

Developmental disorders

1.621

.000

1.176

.734

4.298

.203

Diabetes

3521.769

.048

6.860

6.437

7.310

.000

ESRD

1282.070

.013

25.463

21.328

30.400

.000

Eating disorders

112.783

.001

5.762

4.171

7.960

.000

HIV/AIDS

6.939

.000

2.568

1.273

5.179

.008

Hyperlipidemia

6026.756

.103

9.646

9.109

10.214

.000

Hypertension

7964.790

.177

19.343

18.125

20.643

.000

Immune disorders

125.030

.002

5.259

3.931

7.035

.000

Inflammatory bowel disorder

52.901

.001

2.739

1.572

3.593

.000

Intellectual disabilities

2.124

.000

2.841

.698

11.566

.145

Liver diseases

677.300

.009

5.008

4.435

5.654

.000

Lower back pain

677.651

.010

2.730

2.531

2.945

.000

Metabolic disorders

6736.697

.135

12.715

11.966

13.511

.000

Metabolic syndrome

70.554

.001

3.402

2.557

4.527

.000

Morbid obesity

1097.189

.014

5.630

5.083

6.236

.000

Osteoarthritis

3354.483

.043

7.763

7.243

8.321

.000

Paralysis

480.473

.005

13.199

10.480

16.624

.000

Peripheral vascular disease

2337.602

.024

18.291

16.258

20.579

.000

Rheumatoid Arthritis

202.197

.003

4.389

3.579

5.381

.000

Sleep apnea

4414.928

.059

8.0631

8.099

9.198

.000

Gender

352.507

.007

.565

.532

.600

.000

Age

9395.060

.192

1.091

1.089

1.093

.000

Age group

7409.449

.118

12.285

11.603

13.007

.000

Chronic conditions

16330.588

.319

1.856

1.839

1.874

.000

CHADS2

15633.265

.234

3.301

2.959

3.063

.000

CHA2DS2-VASc

13933.352

.211

2.358

2.325

2.392

.000

OR=Odds ratio, LL=lower limit of the odds ratio, UL=upper limit of the odds ratio, ADHD = attention deficit and hyperactive disorder, CAD=coronary artery disease, CKD=chronic kidney disease,
COPD=chronic obstructive pulmonary disease, ESRD=end stage renal disease.

For the next phase of our study, we plan to develop and use the
predictive screening tool using the high-risk conditions to see if
this would predict the presence of asymptomatic AF in patients in
different populations and other databases. In addition, we will need
to evaluate the risk of stroke and thromboembolism in patients
with asymptomatic subclinical AF since this is not yet known. The
threshold amount of AF that should be treated with anticoagulation
in these patients is not yet universally established.

www.jafib.com

Limitations

There are several limitations in our study. The commercial dataset
is derived from specific codes of the diseases entered by healthcare
providers and errors from incorrect coding from misclassification of
diseases may be possible. Another limitation was that the accuracy of
the diagnosis of AF was not verified by cardiologists. We assume the
patients in the dataset were symptomatic, as asymptomatic diagnosis
is unlikely with the exception of occasional incidental diagnosis in a
routine visit with an observation such as an irregular pulse. Our study
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Table 8:

Hierarchical logistic regression total group

Factor

Wald

Nagelkerke

Odds Ratio

95% CI

ROC

Heart failure

13202.329

0.148

70.31

65.4075.60

0.636

CAD

10807.959

0.13

27.76

26.0729.54

0.661

Hypertension

7964.79

0.177

19.34

18.1320.64

0.807

Metabolic
disorders

6736.697

0.135

12.72

11.9713.51

0.768

Hyperlipidemia

6026.756

0.103

9.65

9.10910.21

0.721

Age

9395.06

0.192

1.10

1.0891.093

0.798

strength is the large cohort of a diverse population in terms of sex and
age. Because the database consists only of patients known to have
been diagnosed with AF, the findings of AF markers in this report
may or may not hold for undiagnosed AF. Other considerations
such as treatment for hypertension or slower ventricular rate that
may reduce symptoms must be taken into account, and thus further
validation is needed.
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Conclusions

This analysis demonstrates that individuals at risk for AF can be
identified from the general population with the use of a predictive
algorithm. Increasing age and the presence of heart failure, coronary
artery disease, hypertension, metabolic disorders, and hyperlipidemia
represent this high-risk group. Respiratory failure and chronic kidney
disease may also identify certain age groups at risk for AF. Awareness
of this high-risk group can be a signal to primary care physicians to
pay more attention to the possibility that these patients are at greater
risk for AF, and, in turn, for stroke. With further validation, this
predictive tool can be used to determine the need for AF detection
devices, clinical decision-support tools and appropriate treatment
plans.
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A Rare Case of Bronchopericardial Fistula Following Atrial
Fibrillation Ablation
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Abstract

Radiofrequency ablation (RFA) for atrial fibrillation (AF) has emerged as an effective and reliable treatment modality. Since its introduction
in the 1990s, major and minor complications have been identified. Major complications include periprocedural death, atrioesophageal
(AE) fistula, stroke, cardiac perforation and tamponade, pulmonary venous stenosis, phrenic nerve injury, retroperitoneal hematoma, and
arrhythmias. Minor complications include pseudoaneurysms and arteriovenous fistulas . We report an extremely rare and life-threatening
complication of bronchopericardial fistula following AF ablation resulting in respiratory complications.

Background

Radiofrequency ablation (RFA) for atrial fibrillation (AF) has
emerged as an effective and reliable treatment modality. Since
its introduction in the 1990s, major and minor complications
have been identified. Major complications include periprocedural
death, atrioesophageal (AE) fistula, stroke, cardiac perforation
and tamponade, pulmonary venous stenosis, phrenic nerve injury,
retroperitoneal hematoma, and arrhythmias. Minor complications
include pseudoaneurysms and arteriovenous fistulas [1-3]. We
report an extremely rare and life-threatening complication of
bronchopericardial fistula following AF ablation resulting in
respiratory complications.

Case Report

A 51-year-old male with a past medical history of symptomatic
paroxysmal atrial fibrillation (PAF), hypertension, hyperlipidemia, obesity, depression, and obstructive sleep apnea presented with
complaints of fatigue and palpitations. Holter monitor documented a
50% AF burden. Transthoracic echocardiogram revealed normal left
ventricular function and LA diameter of 4.5cm. Patient was started on flecainide and referred to an electrophysiologist for continued
fatigue and PAF. Ablation was recommended but patient preferred
medical therapy. He was admitted for dofetilide. After the 4th dose,
QT became prolonged. He was started on amiodarone and underwent RFA. 2 weeks after the ablation, patient endorsed non-productive cough without fever and chills. Chest x-ray was obtained and
showed pneumopericardium [Figure 1]. Suspicion for AE fistula was
high and patient was started on broad spectrum antibiotics. Patient
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required intubation for chest CT due to hypoxia upon lying supine.
CT chest showed pneumopericardium [Figure 2]. CT surgery was
consulted and pericardial window was performed to evacuate the
pneumopericardium. EGD revealed no evidence of esophageal injury or fistulous connection. Subsequent bronchoscopy revealed
distal left mainstem bronchus ulceration which presumably led to
a bronchopericardial fistula. Patient had a prolonged course in the
ICU with supportive care and serial bronchoscopies. Tracheostomy
was performed and patient was eventually extubated after 10 days.
Patient returned to baseline with rehab over the next 3 months and
amiodarone was eventually stopped.

Discussion

RFA procedures involve a 3-dimensional mapping system to
reconstruct the left atrium and pulmonary veins. A catheter delivers
radiofrequency energy in a circumferential fashion 1 to 2 cm from the
left- and right-sided pulmonary veins [4]. Though regarded as a safe
procedure, complications may arise. Our patient suffered a very rare
complication: bronchopericardial fistula and pneumopericardium.
Bronchopericardial fistulas involve a communication between
the tracheobronchial tree and the pericardial sac. Air enters the
pericardium, resulting in a pneumopericardium and this may lead
to cardiovascular collapse secondary to cardiac air tamponade [5]. A
small pneumopericardium may present as cough, whereas a larger
pneumopericardium may present with shortness of breath and
chest pain. These fistulas have been identified as complications from
bronchogenic carcinoma, necrotizing pulmonary infections such as
tuberculosis and invasive pulmonary aspergillosis, penetrating chest
trauma, and iatrogenic causes such as coronary artery bypass grafts
and transbronchial biopsies [6]. It is rarely seen as a complication
from RFA and has been reported in fewer than 5 cases. Given its low
incidence, the pathophysiology is not fully understood.
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Similarly, the left atrium and pulmonary veins lie in close
proximity to neighboring anatomic structures such as the aorta, left
main bronchus, and phrenic nerves [Figure 3] and [Figure 4]. In our
patient, RFA likely produced indirect thermal injury and ischemic
necrosis to the left main bronchus and left atrium. The added risk
factors of likely thin and dilated left atrial wall secondary to high AF
burden and dilated pulmonary vasculature secondary to obstructive
sleep apnea and obesity may have also contributed.

Figure 1:

Chest x-ray revealing pneumopericardium
surrounding the left heart structures.

most

evident

Figure 3:

Figure 2:

CT chest with large pneumopericardium noted in the anterior
chest.

However, the pathophysiology can be derived from an understanding
of AE fistulas, which are well-documented as a major complication
of RFA with high mortality. The pathophysiology of AE fistulas
arise from direct thermal injury to the esophagus, excessive catheter
tip contact force, and extended RFA energy duration in the setting
of a thin left atrial wall. Oftentimes, thermal injury occurs where
ablation lines overlap. The injury creates a fistulous communication
between the esophagus and left atrium, which are directly adjacent
anatomically [7].

www.jafib.com

Anatomic depiction of the close proximity between the bronchial
tree and pulmonary venous structures.

Though respiratory symptoms can be encountered after cryoballoon
ablation (CBA) for AF, these symptoms are not commonly seen
following RFA [8] . A study by Verma et al in which 10 patients
underwent CBA with real-time bronchoscopy showed that ice
formation in the left mainstem bronchus was seen in 70% of patients
and in 59% of lesions. No ice formation was seen on the right side
[9]
. This can explain the cough and hemoptysis in some patients after
CBA.
Perhaps early intervention via bronchoscopy needs to be
considered in patients who present with respiratory symptoms after
AF ablation. In the event of pneumopericardium, early intervention
and evacuation of the pericardial space are paramount. Whether
obstructive sleep apnea and/or pulmonary hypertension are risk
factors for RFA fistulous complications is unknown.

Conclusion

The left mainstem bronchus is in close proximity to the left
superior pulmonary vein and evaluation of bronchial injury or
pneumopericardium should be considered in patients presenting
with cough and/or hemoptysis post AF RFA.
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A) Angiographic depiction of the proximity between the left main bronchus (red lines) and the left superior pulmonary vein, which is the
focus of radiofrequency ablation. B) Angiographic depiction of the right and left main stem bronchi in relation to the pulmonary veins.
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Abstract

With the aging population, the burden of atrial fibrillation is increasing. Cryoablation is a novel technique for pulmonary vein isolation
and is considered equally effective as radiofrequency ablation. Some of the known complications of cryoablation include phrenic nerve
damage, esophageal injury, pulmonary vein stenosis, new onset atrial flutter, pericardial effusion, and stroke. We present a case of bronchial
injury immediately after cryoablation for symptomatic paroxysmal atrial fibrillation. A 67-year-old woman underwent successful pulmonary
vein isolation using cryoablation. Her post-operative period was complicated with cough and hemoptysis. During the procedure, she had an
extra 3 minutes of freezing of the left inferior pulmonary vein. Her bronchoscopy examination showed blood and erythema in the left main
bronchus. She was managed conservatively with cough suppressants and anticoagulation was stopped. Possible etiology of bronchial injury
is likely cryoenergy transfer between the pulmonary veins and the bronchus due to their close anatomic proximity. With the increasing use of
cryoablation for atrial fibrillation, more cases of bronchial injury will likely be reported in the future. Physicians including electrophysiologist
and pulmonologists should be aware of this complication.

Introduction

In 1998 Haissaguerre et al. observed that foci of ectopic beats
originating from pulmonary veins are capable of triggering atrial
fibrillation (AF), which led to the basis of Pulmonary Vein
Isolation (PVI) technique. [1] PVI is associated with improvement in
morbidity, and quality of life when compared with medical therapy
in patients with AF. In the recently published Catheter Ablation vs
ANtiarrhythmic Drug Therapy in Atrial Fibrillation (CABANA)
trial investigators reported that compared to drug therapy, ablation
leads to significant improvement in the quality of life at 12 months.
[2]
PVI can be achieved by balloon cryoablation or radiofrequency
ablation. The “Fire and Ice” trial showed cryoablation was noninferior to radiofrequency ablation. [3] Routine complications like
stroke, pericardial effusion and new onset atrial flutter can arise from
any type of ablation procedure but cryoablation is unique to cause
possible injury to nearby structures like esophagus, phrenic nerve and
bronchial injury. In the “STOP AF” trial, 163 patients were followed
after cryoablation for AF and cough was reported in 17% of patients
with no reports of bronchial injury or hemoptysis. [4] In the “Fire
and Ice” trial, out of 374 patients in the cryoablation group, cough
was reported in 3 (0.8%) and hemoptysis was reported in 1 (0.3%)
patients. [3] We report a case of bronchial injury which presented
as hemoptysis within 2 hours of cryoablation. In addition, we also
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reviewed the available literature regarding bronchial injury after
cryoablation and its management.

Case

A 67-year-old woman was referred to electrophysiology clinic
for symptomatic paroxysmal AF. She was switched from diltiazem
to sotalol a few months ago; However, she continued to have
breakthrough episodes. Her past medical history was significant for
hypertension, diabetes mellitus, tobacco use, coronary artery disease,
Takotsubo cardiomyopathy, transient ischemic attack, and renal vein
thrombosis. Given failed medical management a decision was made
for PVI using cryoablation technique. She was taking apixaban for
anticoagulation which was stopped two days before the procedure.
Her echocardiogram showed a normal left ventricle function and
a normal size left atrium. Physical examination was benign and
laboratory studies pre-procedure were within normal limits. EKG
showed normal sinus rhythm on the day of the procedure. The patient
underwent successful PVI using a 28 mm cryobaloon catheter (Arctic
FrontTM Cardiac Cryoballoon, Medtronic, Inc., Minneapolis,
Minnesota) and NavX™ cardiac mapping system (Abbott, Chicago,
IL, USA). Peri-procedural heparin was used to maintain activated
clotting time (ACT) between 350-400. All four pulmonary veins
(PV) showed pulmonary vein potential. Cryoablation was performed
using the freeze-thaw-freeze technique, 3 + 3 minutes, for each PV.
Contrast was used to verify complete occlusion of pulmonary veins
with the cryoballoon before each isolation. Left inferior PV (LIPV)
had an extra 3 minutes of cryoablation for complete isolation.
Complete isolation was achieved only after the third freeze. The
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lowest temperatures noted in the left superior PV (LSPV) were -50
o
C and -51oC in two freezes and in the LIPV temperatures were -38
o
C, -31 oC, and -37 oC in three freezes. All four PVs were ablated, and
successful exit block was documented. The procedure was completed
without any complication and heparin was reversed using protamine.
The patient was extubated and transferred to the recovery room
where she started complaining of a sore throat and cough. Two hours
post procedure she had multiple episodes of hemoptysis. A chest CT
showed left lower lobe infiltrate without any evidence of pulmonary
embolism, aortic dissection or thrombosis [Figure 1]. The patient
continued to have a small amount of hemoptysis. Apixaban was
not restarted and aspirin was stopped. A diagnostic bronchoscopy
showed a moderate amount of dark maroon blood in the left
mainstem bronchus, which was completely occluding it. After the
blood was suctioned away, an area of redness approximately 1 cm was
seen just proximal to the origin of the left upper lobe bronchus, and
no active bleeding was noted [Figure 2]. A small amount of maroon
Figure 2:

Bronchoscopic imaging showing erythema proximal to the origin
of the left upper lobar bronchus.

onset of presentation ranges from hours to days to even months after
cryoablation. Case reports of hemoptysis after radiofrequency (RF)
ablation are also found in the literature. [13,14] Etiology of hemoptysis
after RF ablation seems likely secondary to PV stenosis, but serious
complications like atrio-bronchial fistula and communication
between bronchus and pericardium have also been reported. [13,14]
Overall incidence of PV stenosis after ablation is around 0.5-1.5
% and associated cases of hemoptysis are even less. [15,16] In a single
center, prospective, observational study of 124 patients with PV
stenosis mainly after RF ablation, the incidence of hemoptysis was
reported in 27 % of patients.[17]

Figure 1:

Illustration showing left lower lobe consolidation in Computed
Topography of the chest with contrast.

colored secretion was present more distally as well as in the left lower
lobe. The patient was hemodynamically stable and was managed
with cough suppressants. Hemoptysis completely resolved two weeks
after the initial procedure. Repeat chest CT after four weeks showed
complete resolution of left lower lobe infiltrate. Aspirin was resumed
once the hemoptysis stopped and anticoagulation was resumed after
4 weeks. At six months follow up the patient was asymptomatic and
in sinus rhythm.

Discussion

Hemoptysis after cryoablation is a rare but can be a life-threatening
complication, and so far very few cases have been reported [Table 1].
[6,11]
The overall incidence is around 1.7 - 2.1% based on retrospective
studies. [11,12] Reported cases of hemoptysis vary in their presentation
from mild, self-limiting to massive life-threatening, causing
respiratory compromise and requiring intubation. Even the time of
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Previous studies have discussed the possible etiologies of
hemoptysis following cryoablation, though the exact cause is still
not very clear. [11] Animal studies done by Aryana et al. and review
of previous studies give us some insight . Animal models suggest
collateral injury and prolonged duration with low temperature as
the possible culprit. [18] Initial case reports suggested PV stenosis and
pulmonary infarction might be the cause but this had been refuted by
CT imaging and histopathologic studies. The left and right mainstem
bronchus are in close proximity with PVs making them vulnerable
for injury from cryoablation. [19] Kumar et al. reviewed retrospective
data of 283 patients and noted hemoptysis in 6 patients. In their
study, lower temperature and deeper positioning of cryoballoon
during cryoablation are possible risk factors for bronchial injury. [12]
In another human study, frequent ice formation was noted in left
mainstem bronchus in patients undergoing cryoablation. [20] Verma et
al. performed simultaneous bronchoscopy in 10 patients undergoing
cryoablation and found ice formation in 7 out of 10 patients in the
left main bronchus only during LSPV isolation. They found no
significant differences in minimum balloon temperature in freezes
with or without ice formation. In a recent study, patients undergoing
ablation with second-generation cryoballoon were followed by
post-procedure bronchoscopy next day. [21] Out of 11 patients only
1 patient showed bronchial injury. In that study, they measured the
distance between LSPV and LMB and the mean distance was 6.4 ±
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Table 1:

Individual case reports of bronchial injury after cryoablation for atrial fibrillation.

Case

Author,
Year

Patient
Age (y), Sex

Presentation

Time after
Procedure

Site of Injury

Temperature (°C)

Duration of Cryo

Special Note

1 (6)

Van Opstal,
2011

65, M

Hemoptysis

4 Days

Division of left upper
& lower bronchus

LIPV: -64

NA

Deep application in
LIPV during procedure

2 (7)

Marti- Almor,
2014

55, M

Cough &
Hemoptysis

24 Hours

Lingular bronchus
bifurcation

LSPV: -70
LIPV: -73
RSPV: -56
RIPV: -48

2 x 300s

NA

3 (8)

Desai,
2015

29, M

Hemoptysis

Post Procedure

Left Mainstem
Bronchus

Left PV: -60

150s

Rapid & sustained drop
in temperature

4 (9)

Aksu,
2015

55, M

Hemoptysis

Intraoperatively

NA

LSPV: -50

NA

Imaging suggestive
of Pulmonary
Hemorrhage

5 (11)

Jayaschandran,
2017

59, M

Epistaxis,
hemoptysis,
Dyspnea & chest
pressure

1 Month

Left Mainstem
Bronchus

NA

NA

Life threatening
hemoptysis requiring
intubation

6

Rout, 2019

67, W

Cough &
Hemoptysis

2 Hours

Proximal to left
upper lobar
bronchus

LSPV: -50 & -51
LIPV: -38, -31
& -37

LSPV: 2x 180s
LIPV: 180s, 50s
&180s

Three freezes to LIPV

2.7 mm. Interestingly, the distance was 2.1 mm in the patient with the
bronchial injury. They also reported intraoperative coughing during
the thawing phase and proposed it as a predictor of bronchial injury.
[21]
In our patient, symptoms started within 2 hours of procedure.
The possible contributing factor for bronchial injury may have
been the extra 3 minutes of cryoablation to the LIPV, though the
temperatures recorded were not very low especially when compared
to the temperatures in LSPV isolation.
Currently, no specific guidelines exist for prevention of bronchial
injury. Review of literature provides some information, though
they are mainly based on single-center experience. [19] Duration of
cryotherapy and temperature play a significant role in the extent
of the bronchial injury. We suggest limiting these factors as much
as possible. In recent years, the concept of “less is better” has been
advocated for cryoablation to reduce collateral damage in the
adjacent esophagus, phrenic nerve, and bronchus. With the advent
of 3rd generation cryoballoon catheter, it is possible to decrease the
duration of freeze without compromising the efficacy of the procedure
as shown by Pott et al. [22] Future trials need to validate whether
decrease in duration will lead to improvement in safety outcomes.
While we have means of avoiding phrenic nerve injury by constant
pacing to monitor diaphragmatic stimulation and we also have
esophageal probe to monitor intraoperative temperatures, currently
no such similar techniques or tools are available to avoid bronchial
injury. Physicians need to be extra vigilant in cases where longer
duration or extreme temperature are seen during the procedure. A low
threshold should be maintained for bronchoscopy and CT imaging
with the initial onset of symptoms and this will prevent misdiagnosis
and facilitate early initiation of higher level of care if required. will
help prevent misdiagnosis and early initiation of intensive level of
care if required. Once diagnosed, management mainly consists of
cough suppressants, airway monitoring and holding anticoagulation.
Repeat bronchoscopy may be warranted if symptoms fail to improve
or depending on the extent of the initial injury requiring follow up.
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Conclusion

As cryoablation is getting more popular for AF ablation, it is likely
that the number of cases of bronchial injury will increase. Given
the close proximity of the left and right bronchus to the pulmonary
veins, the bronchus is always at risk for injury. The mechanism of
injury seems to be a direct collateral injury from the cryoablation.
High level of suspicion for bronchial injury should be maintained in
symptomatic patients. Diagnosis can be made by early imaging and
bronchoscopy. is mostly conservative and close monitoring is advised.
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Abstract

In patients with advanced esophageal cancer, management of dysphagia is a challenge with significant implications on patient quality of
life. Brachytherapy has been shown to be an effective and safe treatment option for symptoms related to dysphagia. The effect of endoscopic
brachytherapy on patients with a cardiac implantable electronic device has not previously been described in literature.
We present an 89-year-old female with a dual chamber permanent pacemaker who elected to undergo palliative brachytherapy delivered
via endoscopy for treatment of dysphagia secondary to locally advanced esophageal adenocarcinoma.

Introduction

Esophageal cancer is the seventh most common cancer worldwide
, more than half of diagnosed patients are not surgical candidates
either due to significant comorbidities or advanced cancer staging
[2]
. In these patients, dysphagia is a common presenting symptom
associated with malnutrition, dehydration, renal failure, and increased
risk of infection [3]. Intra-luminal brachytherapy is emerging as an
increasingly popular treatment option due to its low complication
rate, positive impact on health-related quality of life, and sustained
effect on dysphagia palliation [4,5].
[1]

The effects of radiation delivered by brachytherapy on cardiac
implantable electronic devices (CIEDs) are unknown. We describe a
patient with a dual chamber pacemaker who received intra-luminal
brachytherapy.

Case Report

An 89-year-old female with a dual chamber permanent pacemaker
(St. Jude Medical 2272 Assurity, St. Jude Medical 2088TC Tendril
STS leads programmed in bipolar configuration) implanted due
to symptomatic tachycardia-bradycardia syndrome presented with
progressive dysphagia and weight loss. On endoscopy, she was
found to have a circumferential distal esophageal adenocarcinoma
spanning 6 cm in length. Staging CT scan showed mild adjacent
lymphadenopathy with no evidence of metastatic disease. Given her
advanced age and multiple comorbidities including atrial flutter/
fibrillation and diastolic heart failure, she was deemed not to be
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a candidate for curative surgical resection. She did not wish to
have chemotherapy, and opted for palliative brachytherapy for her
significant dysphagia. She was non-dependent on her pacemaker.
Device programming parameters are outlined in [Table 1].
She underwent brachytherapy delivered via endoscopy over the
course of two weeks, for a total of 1800 cGy over three treatment
fractions with iridium-192. The distance from the first dwell position
to the device was estimated to be 14 cm. On day 1 of treatment,
metal oxide semiconductor field effect transistors (MOSFET) were
applied to the area of the pacemaker and measured a daily dose of 6.1
cGy at the center of the device, and 7.5 cGy at the device edge closest
to brachytherapy (Figure 1). The estimated total cumulative dose was
18.27 cGy at the center of the device and 22.5 cGy at the nearest
device edge, or 1.0% of the treatment dose. Device interrogation was
performed before the first treatment and after the last treatment, which
demonstrated no evidence of device malfunction. Pacing/sensing
thresholds, lead impedance and battery life expectancy before and
after brachytherapy are outlined in [Table 2]. No over-sensed events
were found, and the patient remained asymptomatic throughout
treatment with no signs of syncope, presyncope, palpitations or chest
pain. The patient had excellent response at the one-month follow-up
post-treatment, with complete resolution of her dysphagia.

Discussion

We have described the safe usage of palliative intra-luminal
brachytherapy for the treatment of dysphagia in a patient with a
dual chamber permanent pacemaker, with no evidence of device
malfunction. We estimate that the patient’s device received a total
cumulative dose of less than 25 cGy. In those who are pacing
independent, a total cumulative radiation dose of less than 2 Gy is
low risk for pacemaker dysfunction [6].
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Dual chamber pacemaker programmed parameters.

Mode

DDDR

Lower Rate

60 bpm

Higher Rate

130 bpm

Sensed AV delay

225 ms

Paced AV delay

250 ms

Capture duration
Atrial
Ventricular

0.4 ms
0.4 ms

Percent pacing
Right atrial
Ventricular

14 %
5.3 %

Abbreviations: bpm = beats per minute, ms = milliseconds

Table 2:

Device interrogation parameters before and after brachytherapy.
Before Brachytherapy

After Brachytherapy

Sensing amplitude
Atrial
Ventricular

1.3 mV
6.8 mV

2.7 mV
10.3 mV

Pacing Threshold
Atrial
Ventricular

0.75 V
1.0 V

0.5 V
0.75 V

Lead impedance
Atrial
Ventricular

362 Ω
487 Ω

350 Ω
362 Ω

Remaining longevity

9.2-10.3 years

8.5-9.3 years

Abbreviations: V = volts, mV = millivolts, Ω = ohms

Figure 1:

A. Endoscopic brachytherapy in a patient with a pacemaker.
B. Insertion of endoscope to the esophageal tumour burden.
C. Aligning brachytherapy seeds with radiation treatment area.

Green * = markers for distal and proximal limits of radiation treatment area in esophagus. Yellow
arrows = brachytherapy seeds.

Brachytherapy remains an underutilized resource, perhaps due
to limited availability of expertise. As there is growing awareness
of esophageal stent-related complications in recent years[7],
brachytherapy may be an increasingly popular alternative for
management of dysphagia in esophageal cancer.
Similarly affected by the aging population, CIEDs are increasingly
indicated in elderly patients [8]. Potential device malfunctions
secondary to radiotherapy include over and under sensing, failure
to capture, device mode reset, memory loss, battery depletion or
complete device failure [9]. In comparison to direct external beam
radiation, the effects of brachytherapy on devices are largely secondary
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to scatter radiation and electromagnetic interference. It is thought
that scatter photon particles may cause excess electron-hole pairs in
the silicon dioxide insulator causing accumulation of a net positive
charge. The effect of scatter radiation on CIEDs is unclear, though
small radiation doses (>2 Gy) are unlikely to result in predictable
malfunction [10]. While the incidence of CIED complications due
to radiotherapy is low, the rising population of patients with CIEDs
requiring radiotherapy brings to attention the need for universal,
evidence-based guidelines for the management of such patients[6].
A structured multidisciplinary approach involving collaboration
between radiation oncology and cardiology is essential to minimize
the incidence of device malfunction [11].

Conclusion

Palliative brachytherapy is likely safe for the management of
dysphagia secondary to esophageal cancer in patients with CIEDs.
However, further studies are required to better characterize the effect
of brachytherapy on such devices..
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Abstract

Background: Radiofrequency cathether ablation (RFCA) of Atrial Fibrillation (AFib) and typical atrial flutter (AF) is traditionally performed
via femoral vein approach and all devices are designed to be delivered via inferior access. In rare cases of congenital or iatrogenic obstruction
of inferior vena cava (IVC), RFCA of arrhythmias is performed via transhepatic approach.
Case report: 87 year old male patient with history of IVC filter placement for recurrent deep venous thrombosis and AFib on amiodarone
developed symptoms with worsening Afib burden resulting in deterioration of left ventricular ejection fraction.
Due to highly symptomatic pharmacological uncontrolled AFib, RFCA was decided in order to achieve long term success in restoring
normal sinus rhythm. Transesophageal echocardiography on the day of procedure excluded clot or thrombus. Right femoral vein cannulation
was performed, but advancing the guidewire through the IVC was extremely difficult. Peripheral venography revealed complete occlusion of
the venous system with no flow through the IVC filter.
We present you a case report of pulmonary vein isolation succesfully performed via the left sublcavian.
Conclusion: To the best of our knowledge, this is the first case report of the following: (a) successful transseptal puncture in a patient with
persistent AFib and complete iatrogenic obstruction of the IVC using a Baylis wire through superior access without any complications, (b) PVI
and typical AF ablation via superior approach using a bidirectional contact sensing ablation catheter; monitoring of the contact force in this
case being extremely practical and (c) use of Vascade sheath for closure of the left axillary vein.

Introduction

Radiofrequency Ablation (RFA) has become a well-recognized
non-pharmacological treatment strategy for many cardiac arrhythmias
[1]
because of a high success rate and low risk of complications. RFA
is recommended as first-line therapy in patients with paroxysmal or
persistent AF with minimal structural heart disease [2].
Atrial Fibrillation (AFib) is the most common chronic rhythm
disorder encountered in clinical practice [3]. Besides being often
symptomatic due to high ventricular rates, it is responsible for
functional limitation and cardiomyopathy induced by tachycardia
[4]
. In 1996, the Bordeaux group [5] noted that AFib is initiated by
rapidly firing triggers located in the pulmonary veins. Pulmonary
vein isolation (PVI) via catheter ablation via femoral approach is a
widely applied technique.
Typical Atrial Flutter (AF) is generated by a large, counterclockwise
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reentry circuit in the right atrium and can be successfully eliminated
by RFA of cavotricuspidisthmus (CTI) area which is slowly
conducting. The success rate was shown to be more than 90% and
the recurrence rate was less than 10% when complete block of the
isthmus was achieved [6].
These procedures are typically performed via femoral vein approach
and all devices are designed to be delivered via inferior access [7]. In
rare cases of congenital or iatrogenic obstruction of inferior vena cava
(IVC), RFA of arrhythmias are performed through a transhepatic
approach.

Case Report

We present a case report of PVI and Posterior Wall Isolation
performed via the left subclavian access. A 87 year old male patient
with a history of recurrent AFib, coronary artery disease (CAD),
IVC filter placement for recurrent deep venous thrombosis, essential
hypertension (HTN) and cardiomyopathy (ejection fraction
(EF)=40%) delete who was referred for an EP consult. Despite being
on amiodarone, the patient developed symptomatic, persistent AFib
(limitation in daily activities) with worsening AFib burden resulting
in deterioration of left ventricular left ventricular EF. ECG recordings
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during the office visit revealed AFib with aberrant conduction as
supported by previous Holter monitoring.
The patient was scheduled for transesophageal echocardiography
(TEE) cardioversion on amiodarone, but he spontaneously converted
into normal sinus rhythm (NSR) and his symptoms improved. He
continued to have bouts of breakthrough AFib and hence was
referred to us for ablation.
Due to highly symptomatic pharmacological uncontrolled AFib,
RFA was decided in order to achieve long term success in restoring
NSR.TEE on the day of procedure excluded clot or thrombus.
Right femoral vein cannulation with modified Seldinger technique
was performed, but advancing the guidewire through the IVC
was extremely difficult. Peripheral venography revealed complete
occlusion of the venous system with no flow through the IVC filter. We
discussed the options we had with the patient’s family: transhepatic

septum as coming from the IVC. We advanced a Baylis needle into
the Agilis sheath. As we would advance the needle, the sheath would
fall off the septum despite curve changes. Since extreme difficulty
was faced to maintain the needle at the septum, we decided to use
the Baylis wire instead of the needle. The Baylis wire was placed the
septum and the transseptal puncture was performed. The puncture
site was relatively superior on the septum. A 0.035mm caliber wire
was advanced through the transseptal puncture site. It was difficult
to get the dilator and the Agilis sheath across the septum so we
exchanged the Agilus with the SL1, which was unfruitful too. The
SL1 was replaced with a Vizigo sheath.

Figure 2:

Figure 1:

Peripheral venography revealed no flow through the IVC filter

access, subclavian access or referral for epicardial approach.
Taking into consideration that our patient was in therapeutic INR
(for transhepatic approach the INR is vital to be within normal range)
and, furthermore, that the patient’s family required the procedure to
be done as scheduled, it was decided to move forward with right
subclavian access through which a deflectable catheter was advanced
and positioned in the coronary sinus (CS) for left atrial (LA) pacing
and recording purposes. Left subclavian venous access was found
to be appropriate after peripheral venography. Left axillary vein
was cannulated and a 10-French sheath and an Agilis sheath were
advanced and positioned. Intra-cardiac Echo (ICE) catheter was
advanced and positioned. Intravenous heparin bolus (100U/kg) was
given to maintain active clotting time (ACT) between 250-300. ICE
images were reversed (superior to inferior) in order to visualize the
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ICE image showing the bidirectional Ablation Catheter through the
transseptal puncture.

Positioning the Vizigo Sheath right at the septum proved to be
successful, following which a bidirectional ablation catheter was used
to create a map (with Carto mapping system) of the LA. Following
movement of the ablation catheter, patient developed AF, which
appeared typical with proximal to distal activation. Patient was
cardioverted to maintain stability during mapping. Superior and
inferior pulmonary veins and the LA appendage were identified.
Once the activated coagulation time was noted to be therapeutic, left
superior and inferior pulmonary veins were isolated in pairs followed
by the Right Superior and Inferior Pulmonary Veins. Fractionated
electrograms and abnormal voltages were noted on the posterior
wall during LA mapping; hence a posterior box isolation was done
as well. Since the Vizigo sheath was right at the septum a circular
catheter could not be advanced to confirm exit block. Pacing around
every ablation lesion to ensure loss of capture was done followed by
Adenosine testing.
Since the patient had developed Isthmus-dependent AF, the
sheath was pulled back to the RA and under ICE guidance was
positioned at the CTI. The bidirectional contact sensing ablation
catheter was dropped at the CTI and ablation lesions extended from
the tricuspid valve all the way to the IVC.

Jun-Jul 2019| Volume 12| Issue 1

62

CaseReview
Report
Featured

Journal of Atrial Fibrillation

Figure 3:

Fluoroscopic images showing placement of the catheters.

Figure 4:

Electroanatomical mapping (Carto ® system) A. postero-anterior view showing PVI lines and the posterior box B. antero-posterior view

Differential pacing was performed on either side of the CTI
with confirmation of bidirectional line of block. Attempts to induce
recurrent tachycardia with burst pacing were unsuccessful.
After confirmation of absence of any pericardial effusion,
protamine was given to reverse anticoagulation. Patient was placed
under observation for two days. Post-operative period was uneventful
with no recurrence of tachycardia. Patient was discharged and the two
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month follow-up revealed no complains or complications and the
patient maintained NSR.

Discussion

Interruption of the IVC due to congenital malformations or prior
therapeutic procedures is a rare clinical scenario encountered during
RFA of arrhythmias and represents an impediment to access the
heart via traditional femoral approach. Alternative access strategies
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INR, we proceeded with the SVC approach via left axillary vein.
Prime requirements included: multiple access sites for ICE
placement, CS catheter, Agilis sheath (initially) and Vizigo sheath.
RIJ Vein and left axillary vein were cannulated. Left subclavian vein
cannulation was preferred over right subclavian vein (RSV) bearing
in mind that none of the procedure instruments were designed for
superior approach. Via RSV access we would need to double curve
the Agilis sheath and Baylis wire in order to position them at the
septum for the transseptal puncture.
Reversal of ICE images proved to be crucial during the procedure
since it facilitated the visualization of the interatrial septum and LA
as seen during the standard procedure via IVC approach.

Figure 5:

Fluoroscopic view of ablation catheter placement at CTI

have been outlined: Transhepatic IVC access, SVC access and the
epicardial approach. [8,9] but all of them brought alongside new
challenges. Need for multiple access sites for catheter placement,
scarce experience with catheter manipulation, lack of stability
while positioning the sheath at the transseptal puncture site and
maintaining the optimal contact force during RFA are the main
challenges that need to be circumvented during the superior access.
We took into consideration the transhepatic access which provides
similar degrees of maneuverability and catheter manipulation as
through the femoral approach [10], but it mandates INR to be within
normal values. Due to limitations of our patient being in therapeutic

Figure 6:
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Maintaining the stability of the sheath at the transeptal site while
advancing the Baylis needle was difficult, as the sheath would get
displaced inferiorly towards the RV/RVOT despite repeated attempts.
Hence, we switched the Baylis needle with a Baylis wire for transeptal
puncture. The Baylis wire has a diameter of 0.025 inch/0.635 mm;
as a consequence the transseptal puncture was not wide enough for
the dilator, the Agilis sheath or even the SL1 sheath to pass. Serial
dilatation with larger French sheaths to finally position the Vizigo
sheath at the transeptal site through which the bidirectional ablation
catheter was advanced into the LA for mapping and RFCA.
All the available instruments, the Agilis sheath and Baylis needle,
are curved and designed for transseptal puncture through IVC
with limited degrees of maneuverability and catheter manipulation
through the superior access. The Vizigo sheath was placed right at
the septum maintaining appropriate contact force during RFA to
ensure transmural lesions of adequate size is yet another concern
during the course of the procedure. In our case, 10g of contact force
was maintained on an average. This was confirmed using cartosound
(ICE).

Left – CTI Ablation and testing of bidirectional line of block. Right- CTI as visulised on ICE.
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After PVI, , ablation catheter placement at the CTI for the AF
ablation was quite easy.
The subclavian vein approach provides less compressible site for
haemostasis, therefore the closure of the access in patients with
therapeutic INR is a serious concern in order to prevent hemorrhage
and hematoma formation. Hence, two vascade sheaths were placed in
the left axillary vein to successfully secure haemostasis.

Conclusion

To the best of our knowledge, this is the First case report of : (a)
successful transseptal puncture in a patient with persistent AFib
and complete iatrogenic obstruction of the IVC using a Baylis
wire through superior access without any complications, (b) PVI
and typical AF ablation via superior approach using a bidirectional
contact sensing ablation catheter; monitoring of the contact force in
this case being extremely practical and (c) use of Vascade sheath for
closure of the left axillary vein.
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Abstract

We read and enjoyed the paper entitled “Avicenna and Tremor of the Heart” by Ghahramani et al., which expressed the viewpoints of
Avicenna, which was expressed unique subjects. But there are some contradictions with our findings which list as below
Dhanvantari was not a physician, but was of the Hindu gods; nadi in Sanskrit is derived from the word ney, referring to hollow paths. On the
other hand, Nadi-ha is an equivalent of the pulse, but Nadi has been popular for several hundreds of years; Accordingly, there is no trace of a
book written by Dhanvantari in the books translated from Hindi to Arabic during the translation movement, Rafus of Ephesus (70-110 A.D.)
had the earliest writing about pulse, and Galen (129-210 A.D.) was not the first to provide a book concerning the pulse.
Also, there was a severe breakdown in Greek medicine concerning the concept of the pulse, according to absence of pulse concept in
Hippocrates works.

Dear Editor-in-Chief

We read and enjoyed the paper entitled “Avicenna and Tremor of
the Heart” by Ghahramani et al., which expressed the viewpoints of
Avicenna about the heart and pulse [1]. “Dhanvantari” was cited as a
physician of the fifth century B.C. and the first physician to apply a
checkup method using the pulse in some cardiac disorders.
Moreover, the article points out that Avicenna learned the
knowledge of pulse from Galen and Dhanvantari. It was also
described that Galen had introduced the heart pulse a few years
after Dhanvantari did, allowing to infer that Galen was the earliest
physician to refer to the issue of the pulse in ancient Greece or Rome.
According to our studies on the identity of Dhanvantari in the
book Secrets of the Pulse: The Ancient Art of Ayurvedic Pulse
Diagnosis, one of the references used in the article mentioned above,
it is noted that:
… Dhanvantari, one who uses prana and higher states of
consciousness for healing. For thousands of years the vedic literature
has used the word nadi as a common word for pulse and is the most
popular word for pluse throughout the healing system of Ayurveda
[2]
.
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Additionally, it seems that Dhanvantari was one of the Hindu gods
, not a physician.

[3]

Using this part of the book mentioned above, the author of the paper
might have considered the word nadi equivalent to pulse. However,
it should be noted that the word nadi in Sanskrit is derived from the
word ney, referring to hollow paths. On the other hand, Nadi-ha is
an equivalent of the pulse, as used in the book Secretes of the Pulse,
and Nadi has been popular for several hundreds of years. The word
virijananam means cognition, and the term nadi-virijananam means
knowing paths through which the wind passes [4]. Therefore, it is not
reasonable that, in the Vedic period, when Dhanvantari was praised
as the god of medicine, nadi-virijananam would have been used to
mean the recognition of the radial pulse. Pulse examination is not
mentioned in the classical Ayurvedic texts [5].
Accordingly, there is no trace of a book written by Dhanvantari
in the books translated from Hindi to Arabic during the translation
movement. Citations are made to 12 Indian physicians in the texts
remaining from the time of the relationship between Indian medicine
and Islamic medicine: Canakya, Sushruta, Caraka, Astangahrdaya,
Madhava, Vrnda, Manica, Salih Bin Behletül, Bahlindad, Shribhar
gudate, Kanakah, and śāntah [6]. The name of Dhanvantari is not
present in any text remaining from that time. For the same reason, it is
unlikely that the writings of Dhanvantari have influenced Avicenna;
especially, in the text of Avicenna’s Canon, there is no trace of a word
equivalent to Dhanvantari or the like.
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It is necessary to note that Galen (129-210 A.D.) was not the first
to provide a book concerning the pulse. Rafus of Ephesus (70-110
A.D.) had written a work about pulse, which survives to this day [7].
Although the issue of the pulse has been pointed out by Alcmaeon
of Croton (5th century B.C.) during the golden era of ancient
Greece, this issue is one of the historical unknowns [8]. However, in
the works of Hippocrates, no trace is observable of the concept of the
pulse [9]. The gap extends to the ancient Rome where Rafus indicated
in his book that there was a severe breakdown in Greek medicine
concerning the concept of the pulse, explaining that the notion had
not yet been adequately explored.
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