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Introduction
As reflected in multiple society guidelines1, ventricular rate control 

has been the bedrock therapy for patients with atrial fibrillation 
(AF) and heart failure. Several landmark trials have shown that rate 
control is equivalent in efficacy, if not better, to rhythm control2.
However, there is a cohort of patients who present with controlled 
ventricular rate (CVR) and new-onset cardiomyopathy (CM). We 

were interested in investigating whether there are any differences 
in demographics, clinical presentation, electrocardiographic (EKG) 
characteristics, real-world treatment patterns, and outcomes between 
patients who present with new-onset CM and AF with CVR 
(defined as ≤100 beats per minute, CVR-CM) or rapid ventricular 
rate (>100 beats per minute, RVR-CM).

Methods
This study was approved by the Aurora Institutional Review Board.

Study Population and Data Collection
Patients with CM, defined as a left ventricular ejection fraction 

≤40%, were identified from electronic medical records (EPIC, Verona, 
WI) in the Aurora Health Care system from January 1, 2012 to 
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Abstract
Background: There is deficient literature comparing patients with atrial fibrillation (AF) who present with rapid ventricular rate (RVR) versus 

controlled ventricular rate (CVR) associated with new-onset heart failure. 

Purpose: This study aimed to evaluate patients with new-onset cardiomyopathy (CM) and a concomitant or preceding history of AF and 
compare patients with CVR (≤100 bpm) to those with RVR (>100 bpm).

Methods: Patients with newly diagnosed CM, defined as a left ventricular ejection fraction ≤40%, were identified from our healthcare 
database and divided into two groups: those with a ventricular rate ≤100 bpm (CVR-CM, n=79) and those with a ventricular rate >100 bpm 
(RVR-CM, n=117). 

Results: In the CVR-CM group, 48.1% of patients presented with atypical and vague complaints compared to 25.6% (p=0.0012) in the 
RVR-CM group. CVR-CM patients rarely complained of typical symptoms of palpitations (5.1%). The incidence of low voltage on surface 
electrocardiography (EKG; 50.6% vs 31%, p=0.0213) and QRS widening (31.7% vs 15.4%, p=0.007) was greaterin the CVR-CM group. History 
of coronary artery disease (41.8% vs 28.2%, p=0.048), history of percutaneous coronary intervention (27.9% vs. 12%, p=0.049), and male 
sex (70.9%) were more common in the CVR-CM group. Mortality was worse in patients with CVR-CM (38% vs 29%, p=0.048), but those who 
underwent rhythm control either by cardioversion or ablation had a much better prognosis. 

Conclusion: There are significant differences in clinical presentation, EKG characteristics, history of coronary artery disease, and outcomes 
between patients who present with new-onset CM and CVR and new-onset CM and RVR. 
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September 30, 2016. Both inpatients and outpatients were included. 
Patients with any previous evidence of CM based on office notes 
and/or cardiac imaging were excluded. Patients with a pre-existing 
or concomitant diagnosis of AF were identified. Their presenting 
ventricular rate in AF was collected based on either the 12-lead surface 
EKG or rhythm strip that was obtained closest to their diagnosis 
of CM. Patients with a pre-existing cardiovascular implantable 
electronic device were excluded, as were patients with a history of 
any other dysrhythmia, including frequent premature ventricular 
contractions. Additional exclusion criteria were unreadable or poor-
quality echocardiography, mortality during inpatient admission, and 
presence of congenital heart disease (Figure 1).

Although a rate <110 bpm is generally considered acceptable 
for lenient rate control, we used a cut-off of 100 bpm because we 
evaluated ventricular rate by EKG, which is a snapshot of ventricular 
rate at rest and therefore has somewhat limited accuracy in predicting 
ambulatory rates. To decrease the likelihood that patients who had 
rapid rates at baseline would be erroneously classified in the category 
of controlled ventricular rate, we made the rate cut-off slightly more 
stringent.

Statistical Methods
All categorical and continuous variables were described using 

appropriate descriptive statistics. For example, all categorical 
variables—such as sex, race, tobacco and alcohol use, hypertension, 
history of percutaneous coronary intervention (PCI), hyperlipidemia, 
coronary artery disease (CAD), diabetes mellitus, history of drug 
abuse, outpatient diagnoses (congestive heart failure and others), 
mortality, categories of EKG characteristics, and real-world 
treatment received—were described as frequencies and percentages; 
whenever appropriate, chi-square and/or Fisher’s exact test were used 
to compare the CVR-CM and RVR-CM groups. All continuous 
variables—such as age, body mass index, left ventricular ejection 
fraction on diagnosis, and follow-up in years—were described as 
mean±standard deviation; the mean values of these variables for the 
CVR-CM and RVR-CM groups were compared using t test for 

independent samples. For all statistical tests, an alpha of 0.05 was 
used, and all statistical analysis was done using SAS version 9.4 (SAS 
Institute, Cary, NC).

Results
Absence of Typical Symptoms Common in Patients with 
CVR-CM

In the CVR-CM group, 48.1% of patients presented with atypical 
symptoms, including falls, tiredness, or “just not feeling right,” or were 
diagnosed incidentally while being evaluated for some other medical 
problem (Figure 2). Initial presentation with symptoms of acute 
or sub-acute congestive heart failure, such as shortness of breath, 
orthopnea, weight gain, and leg swelling, was more common in the 
RVR-CM group than the CVR-CM group (74.4% vs 51.9%, Table 
1). Almost half the patients in the CVR-CM group were diagnosed 
as an outpatient (43%, Figure 2), whereas more than two-thirds of 
the patients in the RVR-CM group (69.2%) presented acutely to the 
hospital.

Palpitations, considered a defining symptom of AF, were an 
uncommon presenting symptom in both groups but were virtually 
absent in the CVR-CM group: only 4 (5.1%) patients in the CVR-
CM group complained of palpitations compared to 19 (16.2%) in the 
RVR-CM group (Table 1).

Differences by Sex
Males constituted a majority in both groups but were more likely 

to present with CVR: 70.9% of patients in the CVR-CM group were 
male compared to 58.1% of patients in the RVR-CM group (Table 

Figure 1: Study design.

Table 1: Demographic and clinical characteristics.

Characteristics CVR-CM group 
(n = 79)

RVR-CM group 
(n = 117)

P-value

Age, y 73.7 ± 11.2 73.4 ± 12.7 0.86

BMI, kg/m2 31.9 ± 8.9 31.2 ± 7.8 0.58

Male sex 56 (70.9) 68 (58.1) 0.07

Tobacco/alcohol use 45 (57.0) 74 (63.2) 0.38

Hypertension 55 (69.6) 83 (70.9) 0.84

Diabetes mellitus 27 (34.2) 32 (27.3) 0.31

Hyperlipidemia 44 (55.7) 71 (60.7) 0.49

Coronary artery disease 33 (41.8) 33 (28.2) 0.05

History of PCI 22 (27.9) 14 (12.0) 0.005

History of drug abuse 2 (2.6) 2 (1.7) 0.69

Presenting symptoms

  Congestive heart failure 41 (51.9) 87 (74.4)
0.001

  Others/unknown 38 (48.1) 30 (25.6)

Outpatient diagnosis 34 (43.0) 36 (30.8) 0.08

Palpitations on presentation 4 (5.1) 19 (16.2) 0.02

LVEF on diagnosis 31.9 ± 6.8 27.9 ± 7.8 0.0002

Follow-up, y 1.9 ± 1.3 2.2 ± 1.4 -

Mortality 30 (38.0) 29 (24.8) 0.05

Data presented as mean±standard deviation or n (%).
BMI, body mass index; CM, cardiomyopathy; CVR, controlled ventricular rate; LVEF, left ventricular 
ejection fraction; PCI, percutaneous coronary intervention; RVR, rapid ventricular rate.
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1), though this did not reach statistical significance (p=0.069).

Increased Incidence of Structural Heart Disease with CVR
History of CAD and PCI were more common in patients with 

CVR-CM (41.8% vs 28.2% for CAD, 27.9% vs 12% for PCI[Table 
1]). However, it is interesting to note that despite having a higher 
incidence of CAD and previous PCI, patients with CVR were less 
likely to undergo ischemic evaluation with a coronary angiogram 
than patients with RVR (33.8% vs 47.3%, Table 2). When coronary 
angiography was performed, the incidence of acute stenosis requiring 
intervention was higher in the CVR-CM group than the RVR-CM 
group (38.5% vs 15%, p=0.02, Table 2).

Differences on Surface EKG
There were marked differences on surface EKG in patients who 

presented with CVR-CM vs RVR-CM. The incidence of QRS 
widening, as evidenced by either a left or right bundle branch block, 
was much higher in patients who presented with CVR-CM than 
those who had RVR-CM (31.7% vs 15.4%, p=0.007, Table 3). 
Utilizing the Sokolow-Lyon criteria, more than half the patients 
in the CVR-CM group had low voltage on surface EKG compared 
to less than a third in the RVR-CM group (50.6% vs 31%, p=0.02, 
Table 3).

Rhythm Control Strategy
A minority of patients in the CVR-CM cohort underwent 

a rhythm control strategy utilizing a cardioversion or ablation 
procedure. Older patients and those with a history of CAD were 
less likely to undergo a rhythm control strategy. The patients who 
underwent these interventions had a much better prognosis, though 
there were significant baseline differences between the two groups 
(Table 4).

Prognosis 
The prognosis was poor in both groups but worse in the CVR-

CM group, with 38% mortality at a mean follow-up of 1.86 years; 
there was a significantly lower incidence of death, 24.8% (p=0.048), 
in the RVR-CM group despite a slightly longer follow-up of 2.17 
years (Table 1, Figure 2). The patients in the CVR-CM group who 
underwent a rhythm control strategy with cardioversion or ablation 
had a mortality rate of 14.3% compared to 48.3% in those who did 
not undergo these procedures (Table 4). 

Discussion

Presentation with More Atypical, Vague Symptoms
Almost half the patients (48.1%) in the CVR-CM group presented 

with atypical and vague complaints such as tiredness, falls, or “just not 
feeling right.” It is increasingly being recognized that heart failure 
may present with heterogenous symptoms3. A significant percentage 
of patients in the CVR-CM group (43%) were initially diagnosed in 
the outpatient setting (Figure 2) rather than presenting acutely to the 
hospital. Possible reasons for this observation are:

1) The pace of myocardial damage might have slowed down in 
AF with CVR, giving the body’s homeostatic mechanisms time to 
compensate for the evolving structural and physiological changes.

2) Patients who present with CVR are less likely to raise a “red 
flag” when their vital signs are recorded by health care providers, 
especially in the primary care office where routine EKGs are not 
often performed.

Figure 2: Prototypical characteristics of patients with controlled 
ventricular rate-cardiomyopathy (CVR-CM).

Table 2: Electrocardiographic characteristics. 

Characteristic CVR-CM group 
(n = 79)

RVR-CM group 
(n = 117)

P value

Bundle branch block

  None 54 (68.3) 99 (84.6) 0.01

  Either left or right 25 (31.7) 18 (15.4)

Low voltage 40 (50.6) 36 (31.0) 0.02

Data presented as n (%).
CM, cardiomyopathy; CVR, controlled ventricular rate; RVR, rapid ventricular rate.
Sokolow-Lyon criteria used to calculate voltage. Voltage complete by measuring largest S-wave in 
V1 lead and adding to the largest R wave in lead V5 or V6. 

Table 3: Real-world treatment patterns. 

Characteristic CVR-CM group 
(n = 79)

RVR-CM group 
(n = 117)

P value

Cardiac catheterization 26 (32.9) 53 (45.3) 0.08

Percutaneous coronary 
intervention

10 (12.7) 8 (6.8) 0.17

PCI for diagnostic catheterization 10 (38.5) 8 (15.1) 0.02

DCCV 21 (26.6) 43 (36.7) 0.14

Catheter ablation 3 (3.8) 14 (12.0) 0.05

Cardiology consult 72 (91.1) 106 (90.6) 0.90

Electrophysiology consult 31 (39.2) 58 (49.6) 0.15

Data presented as n (%).
CM, cardiomyopathy; CVR, controlled ventricular rate; DCCV, direct current cardioversion; PCI, 
percutaneous coronary intervention; RVR, rapid ventricular rate.
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3) Pacing-induced AF has been shown to damage the SA node4; it 
is possible that AF is causal in damaging the AV node as well. AF has 
been shown to cause concealed conduction in the AV node5 without 
transmitting those impulses to the ventricle. Recurrent episodes of 
paroxysmal or persistent AF with rapid conduction to the AV node 
may have caused damage to the AV node over time and led to a 
slower ventricular rate. 

4) Animal models of tachycardia-induced CM have shown 
that recovery from supraventricular tachycardia is marked by an 
increase in the amount of collagen in the heart with a distortion of 
myocardial microarchitecture6,7. There is no robust animal model for 
AF-induced CM8. However, it can be hypothesized that in CVR-
CM there is a repetitive cycle of myocardial injury and healing, 
with intermittent tachycardia, irregular R-R intervals, resultant 
neurohormonal activation, or unknown mechanisms causing injury 
while the CVR assists in the process of myocardial repair. Successive 
cycles of injury and repair can lead to progressively larger amounts 
of extracellular matrix (ECM) being deposited in the myocardium 
(Figures 4 and 5). This can be considered akin to a layered phenotype 
of atherosclerosis, in which repetitive subclinical plaque rupture, 
thrombosis, and spontaneous thrombolysis with recanalization of 
the artery leads to “layers” of atherosclerotic plaques with fibrosis9,10. 
The deposition of ECM with AF in a “layered” phenotype with 
CVR-CM may cause sinoatrial node dysfunction (which has been 
demonstrated in pacing-induced AF animal models)4, intra-atrial 
conduction delay, and AV nodal as well as Infra-Hisian pathology.
Based on animal models of recovery in tachycardia-induced CM, 
the underlying pathophysiology of CVR-CM may be a collagenous 
infiltrative CM as the CVR may provide some opportunity for 
“recovery.”  Whether that is the case or not, CVR-CM does seem to 
share several clinical features with the prototypical infiltrative CM, 
amyloid CM, as we will discuss in our paper. Studies have shown that 
infiltrative myocardial diseases like amyloid CM can cause damage 
to the conduction system by involving the His-Purkinje system11, 
which can significantly decrease the achievable peak ventricular rate; 
a similar process may be occurring in the CVR-CM cohort. 

3) With vague symptoms like tiredness and fatigue, which on first 
blush appear to be non-cardiac, the diagnosis of AF, and even heart 
failure, can be missed, especially in an older population.

Why is Ventricular Rate Controlled Despite Patients Being 
in AF? (Figure 3)

There are several conceivable mechanisms for ventricular rate being 
slow in patients with CVR-CM:

1) Damage to the conduction system may have occurred prior to 
the development of AF owing to a variety of reasons, e.g., CAD or 
aging, causing a slow ventricular rate with AF.

2) Utilization of AV nodal blockers for CAD, AF, or other 
comorbidities may have led to the ventricular rates being slow in AF. 

Figure 3: Possible mechanisms for controlled ventricular rate in 
atrial fibrillation.

Figure 4:
Proposed pathophysiological mechanism for development 
of typical characteristics of controlled ventricular rate-
cardiomyopathy (CVR-CM). ECM, extracellular matrix.

Table 4: CVR-CM group characteristics by rhythm control intervention.

Characteristics No intervention
n = 58

DCCV + ablation
n = 21

P-value

Sex

  Female 20 (34.5) 3 (14.3)
0.08

  Male 38 (65.5) 18 (85.7)

Age, years 76.4 ± 10.7 66.2 ± 9.4 0.0002

Hypertension 43 (74.1) 12 (57.1) 0.15

Diabetes mellitus 23 (39.7) 4 (19.0) 0.09

Coronary artery disease 30 (51.7) 3 (14.3) 0.003

Hyperlipidemia 36 (62.1) 8 (38.1) 0.06

Mortality 28 (48.3) 3 (14.3) 0.006

Data presented as n (%) or mean±standard deviation. 
CM, cardiomyopathy; CVR, controlled ventricular rate; DCCV, direct current cardioversion.
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3) Chemosensitive nerve endings can be affected by changes in 
ionic concentrations in the myocardium14. Irregular R-R intervals 
have been shown to cause profound changes in ionic transport and 
release in the myocardium at a cellular level16. It is possible that these 
chemical changes at the local level either cause injury to the afferent 
nerve fibers or blunt the perception of symptoms.

As the dog which did not bark in the famous Sherlock Holmes 
story “Silver Blaze” was a key to solving the mystery, the absence 
of palpitations in the obvious presence of AF may help us unlock 
some of the underlying pathophysiological mechanisms responsible 
for development of CM with AF. More studies are needed to explore 
this curious phenomenon.

Predominance of Male Sex
A majority of patients (70.9%) in the CVR-CM group were male 

(Figure 2). If this is proved to be true by larger studies, the follow-up 
question would be: Why are males at increased risk? There are some 
clues about this from the epidemiology of AF:

1) Asymptomatic presentation of AF has been shown to be more 
common in males in numerous studies12,13. With asymptomatic 
presentation, the likelihood of missing the diagnosis of AF increases, 
giving it more time to go undetected and cause myocardial damage.

2) Males generally develop AF about a decade before females17; 
this, coupled with a higher likelihood of asymptomatic presentation, 
potentially gives AF more time to cause progressive yet subclinical 
myocardial damage.

3) AF itself may cause injury to the conduction system, which 
could slow down the ventricular rate and progression of disease.

Absence of Palpitations as a Symptom 
Palpitations, which have been considered a hallmark symptom of 

AF, were virtually absent as a presenting complaint in patients with 
CVR-CM. A substantial percentage of patients, especially men, have 
been shown to have an asymptomatic presentation12. Furthermore, 
asymptomatic AF has been shown to be associated with more 
comorbidities and worse outcomes12,13. The intriguing question 
is: Why would an arrhythmia like AF not cause palpitations? We 
hypothesize three different mechanisms that may contribute to this 
phenomenon (Figures 4 and 5): 

1) As mentioned above, with AF and CVR there may be repetitive 
cycles of injury and healing occurring sequentially or synergistically, 
causing progressively larger amounts of ECM to be laid down in the 
myocardium and disrupting the myocardial microarchitecture. This 
disruption can cause injury to the afferent small sensory nerve fibers 
that arise from septations between the myocardial muscle fibers and 
are responsible for visceral perception14. The injury to these fibers may 
cause a type of autonomic neuropathy, somewhat similar to a diabetic 
neuropathy15, which may blunt the perception of palpitations.

2) The absence of palpitations can be considered to be the 
equivalent of silent myocardial ischemia, in which there is objective 
evidence of myocardial ischemia but no perception of chest pain. 
Similarly, in CVR-CM the overwhelming majority of patients could 
be said to have “silent AF,” in which they don’t have any perception 
of palpitations. Rosen et al. have shown that cerebral blood flow 
patterns are altered in certain areas for patients with silent ischemia14.
It is conceivable that similar alterations in cerebral blood flow occur 
in CVR-CM patients who do not perceive palpitations, either due 
to comorbidities like CAD or aging or to the cardiac remodeling 
associated with increased ECM.

 

Figure 5:

(A) Kaplan-Meier estimates of CVR-CM (blue line) vs. RVR-CM (dotted red line) patients who received no rhythm control with direct 
current cardioversion/ablation. (B) Kaplan-Meier estimates of CVR-CM patients who received no rhythm control interventions to those 
who received rhythm control interventions with direct current cardioversion/ablation procedure.
CVR-CM, controlled ventricular rate (≤100 bpm) with atrial fibrillation, new-onset cardiomyopathy group; RVR-CM, rapid ventricular 
rate (>100 bpm) with atrial fibrillation, new-onset cardiomyopathy group.
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strategy with either a cardioversion or ablation procedure: 18 of 
them were cardioverted to sinus rhythm and only 3 underwent an 
ablation procedure. The mortality rate for patients who did undergo 
these procedures was much lower (14.28% vs 46.55%) than for 
those who did not undergo these procedures. There were significant 
confounding factors, including age and history of CAD, for patients 
who were not referred for rhythm control, making causal inferences 
inappropriate. It would be interesting to assess, though, whether 
referring older patients or those with a history of CAD for rhythm 
control interventions reflects a systemic bias. This should be explored 
in larger population-based studies. 

Previous studies have shown improvement in left ventricular 
ejection fraction after restoration of normal rhythm despite the 
presence of CVR in AF25,26. The improvement in cardiac function 
after restoration of normal rhythm may be due to improved atrial 
transport or restoration of regular ventricular rhythm. An irregular 
rhythm has been shown to cause several adverse effects, including 
abnormal calcium handling16, and possibly to cause sympathetic 
activation to stimulate the neurohormonal cascade to cause or 
worsen heart failure8. There is improvement in left ventricular 
ejection fraction in patients with premature ventricular contractions 
after suppression of the premature ventricular contractions27, which 
suggests that irregularity of ventricular rhythm itself may predispose 
to CM without tachycardia. Further studies are required to explore 
this extremely important question as to whether a rhythm control 
strategy, especially utilizing an ablation strategy, could be beneficial 
for patients with CVR and AF who develop new-onset CM. 

Missed Diagnosis, Role of Screening Telemetry
The United States Preventive Services Task Force states that the 

evidence for EKG screening is “insufficient” for patients who are at 
intermediate or high risk for cardiovascular events28. The presence of 
atypical, vague, insidious symptoms in an older individual, absence 
of palpitations, and a relatively normal heart rate will increase the 
likelihood of a missed diagnosis. Telecardiology support has been 
shown to increase the rate of AF diagnosis 7-fold in patients older 
than 70 years. The number needed to diagnose previously undiagnosed 
AF (number needed to treat) was 9 in patients 65-75 years of age and 
5 in patients older than 75 years of age29. A recent study showed that 
a commercially available smart watch had a diagnostic yield of about 
34% for diagnosis of undiagnosed AF in the community30. Future 
studies are needed to determine if an annual EKG performed at the 
physician’s office or community screening with a smart watch provide 
an effective population-based strategy for diagnosing these patients.

Limitations
This is a retrospective study and so the usual limitations of such a study, 
including missing or incomplete data and selection bias, among others, 
apply. The number of patients in the CVR-CM cohort is relatively low, 
which limits its statistical power. Data on specific medication usage 
were not collected because medication use, which was dynamic in these 
groups, was managed by cardiologists and primary care physicians 
according to guideline-directed medical therapy. Ventricular rates to 
determine the CVR and RVR cohorts were taken at a discrete time-
point. As is well known, the ventricular rates in AF are variable and 

Differences in EKG Characteristics: (Figures 4 and 5)
Low voltage: Low voltage was a characteristic feature in patients 

with CVR-CM. As discussed above, this disease phenotype appears 
to share certain characteristics with amyloid CM, which also has 
low voltage on surface EKG as a characteristic feature18. Studies 
have shown that low voltage in cardiac amyloidosis is likely due to 
the infiltrative myocardial process that decreases the generation of 
voltage by cardiomyocytes and possibly attenuates the expression of 
that voltage on surface EKG due to the presence of large amounts of 
extracellular protein deposition and myocardial edema19. The fact that 
CVR-CM has a high incidence of low voltage on surface EKG might 
indicate that there are similar pathophysiologic processes occurring 
in this cohort. In cardiac amyloidosis, a Lyon-Sokolow index of ≤1.5 
mV was independently predictive of the combined outcome of time 
to hospitalization, heart transplantation, or death20. Similarly, the 
prognosis in CVR-CM was grim, with 38% of the patients deceased 
at a mean follow-up of 1.8 years. 

 
QRS widening: QRS widening is often present in cardiac 

amyloidosis; this has been postulated to be due to increased 
extracellular volume and myocardial edema21. Studies of EKGs in 
amyloidosis have shown about 30.3% of patients had QRS >120 
msec21. In our study, a very comparable percentage (31.7%) were found 
to have either a left or right bundle branch block. Diffuse fibrosis 
by cardiac magnetic resonance imaging has been demonstrated after 
recovery from tachycardia-induced CM22. That may be indicative 
of the accumulation of collagenous ECM, which is a hallmark 
characteristic of “recovery” in animal models of tachycardia-induced 
CM. The increased ECM could also have damaged the conduction 
system, causing slow ventricular rates, QRS widening, and low 
voltage on surface EKG (Figures 4 and 5).

Presence of Structural Disease/CAD
It is interesting that there were no significant differences in 

the traditional risk factors for CAD between the CVR-CM and 
RVR-CM groups. The two groups were well-matched for age, 
body mass index, incidence of hypertension, diabetes mellitus, and 
hyperlipidemia, and yet the incidence of both CAD and PCI were 
much higher in the CVR-CM group. Studies have shown that the 
presence of heart failure may be a better predictor for development of 
AF than the presence of CAD23. Obstructive CAD may cause heart 
failure, which in turn may cause neurohormonal and pressure-volume 
changes that lead to remodeling of the left atrium and subsequent 
AF24. CAD can also cause myocardial scarring and fibrosis. It is 
possible that the scar tissue in or around the conduction system was 
responsible for aggravation of conduction system disease, leading to 
CVR or QRS widening. AV nodal blocker usage, especially the use 
of beta blockers in the setting of a history of CAD, may also have led 
to CVR. 

Is AF-Induced CM Possible with CVR? 
Controlling the ventricular rate during AF has been a foundational 

therapeutic approach and is endorsed by multiple professional 
society guidelines. However, is it possible that CM could potentially 
develop or continue to worsen despite CVR? In our study, 21 out of 
79 (26.58%) patients with CVR-CM underwent a rhythm control 
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P, Linneberg A, Palosaari T, de Gaetano G, Bobak M, den Ruijter HM, Mathiesen 
E, Jørgensen T, Söderberg S, Kuulasmaa K, Zeller T, Iacoviello L, Salomaa V, 
Schnabel RB. Sex differences and similarities in atrial fibrillation epidemiology, 
risk factors, and mortality in community cohorts: results from the BiomarCaRE 
Consortium (Biomarker for Cardiovascular Risk Assessment in Europe). Circulation. 
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a single point of time may either under- or overestimate the baseline 
ventricular rate. The pejorative specific weight of each component 
(pathological mechanism, concomitant heart disease, and final 
treatment chosen) is difficult to determine even within this study. 
Nonetheless, there are significant differences between the two groups, 
which makes sense if seen in the context of what is already known from 
animal models of tachycardia-induced CM. Further studies to explore 
this fascinating topic would be very helpful.
 
Conclusions

It is not uncommon to see AF patients with CVR and new-onset 
CM. As a case in point, about 40% of patients with new-onset CM 
associated with AF in our cohort had CVR at presentation. To our 
knowledge, this is the first study to evaluate whether the CVR-CM 
group has any significant differences compared to patients who 
present with RVR. We found that patients with CVR-CM were 
predominantly male and had more pre-existing CAD, a greater 
likelihood of low voltage on surface EKG with a higher incidence 
of QRS widening, and a worse prognosis. The pathophysiological 
underpinnings for these differences are unknown, though as we have 
pointed out, there are some striking similarities to the prototypical 
infiltrative CM: cardiac amyloidosis. Animal studies of tachycardia-
induced CM, especially the deposition of collagen in the ECM during 
the “recovery” phase of supraventricular tachycardia, provide some 
tantalizing clues, though the lack of animal models for AF-induced 
CM, especially with CVR, is a significant gap in the literature.

The traditional recommendation of rate control would not be very 
helpful in this cohort for everyday clinical practice as these patients are 
already “rate controlled”. Rhythm control strategies, especially with 
an ablation procedure, have been shown to be effective therapeutic 
interventions in some observational case series. Further studies, 
both larger population-based and randomized controlled trials,can 
better evaluate the effectiveness of a rhythm control strategy utilizing 
ablation in this very challenging group of patients who otherwise 
have a grim prognosis.
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Introduction
The relation between the most widespread arrhythmia, atrial 

fibrillation (AF), physical activity, and health-related quality of life 
(HRQoL) is complex.

Patients with AF often face reduced HRQoL and experience 
limitations in their daily activity1, 2.

The disease burden for the patients is often substantial with a 
variety of symptoms, severe complications, such as stroke, heart 
failure and hospitalizations, reduced exercise capacity, left ventricular 
dysfunction and reduced health-related quality of life (HRQoL)1.

Physical activity is recommended to healthy individuals as well as 
many patients with cardiac disease. Physical training increases exercise 
capacity and is fully implemented in the standard rehabilitation of 
patients with ischemic heart disease and congestive heart failure3-5. 
However, excessive physical activity can increase the tendency to 
develop AF or worsen the arrhythmia. Thus, it has been debated 
whether physical exercise should be recommended to AF patients. 

Most clinical trials reporting the effect of exercise have focused 
on patients with permanent AF 6-10 although, newer trials studied 
patients with non-permanent AF11, 12. 

The aim of this trial was to study the effect of low-intensity 
compared to high-intensity exercise on HRQoL in patients with 
non-permanent AF. 

We hypothesized that high-intensity exercise was superior to low-
intensity exercise in improving HRQoL due to the generally positive 
effect of exercise in patients with cardiac conditions3-5.
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Abstract
Purpose: Patients with atrial fibrillation (AF) have significantly reduced health-related quality of life (HRQoL) compared to healthy controls. 

Exercise is associated with improved HRQoL and increases exercise capacity in healthy individuals, as well as in patients suffering from 
congestive heart failure or ischemic heart disease. In this study, we aimed to study the effect of exercise on HRQoL in patients with AF.

Methods: In a randomized study design, seventy-six patients with non-permanent AF were randomized to a 12-week aerobic training 
program of either low intensity or high intensity (50% and 80% of maximal perceived exertion, respectively). HRQoL was measured by the 
36-Item Short Form Health Survey (SF-36) before and after the training program. 

Results: HRQoL improved from baseline to follow-up for both low-intensity and high-intensity exercise, respectively. For low-intensity 
exercise, the median score for the mental component summary improved from 57 (IQR 50-60) to 58 (IQR 52-61), P=0.04. For high-intensity 
exercise, the median score for the physical component summary improved from 46 (IQR 39-52) to 49 (IQR 40-53), P=0.04. There was no 
statistically significant difference in HRQoL between the exercise groups at follow-up neither for the physical component summary score 
(P=0.89) nor the mental component summary score (P=0.43). No serious adverse events related to the exercise sessions were reported.

Conclusions: Structured exercise improved HRQoL in patients with non-permanent AF. However, our results do not indicate that increasing 
exercise intensity has an additional positive effect on HRQoL. Therefore, further studies are needed in the future. 

The structured abstract word count is 245 words.
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Methods
Study Design
This study erupts from a randomized clinical trial in which the primary 
aim was to study the effect of exercise intensity on burden of AF12. 
HRQoL was assessed as a secondary outcome in the main study12. 
Details of the study design, randomization procedure and execution 
of the trial have been published previously 12. In brief, 76 patients 
with non-permanent AF were randomized 1:1 to a 12-week exercise 
program at high- or low intensity, respectively. All assessments were 
performed before the training program started (baseline) and after 
the 12-week training program (follow-up) with non-invasive home-
recordings of 30-seconds ECGs twice daily throughout the weeks 
4-16 and in case of AF symptoms. All participants were offered group 
and individual patient education by experienced cardiac nurses at the 
outpatient clinic. 

In all analyses of the main study, i.e. per-protocol analysis and 
intention-to-treat analyses, we found no significant harmful effect of 
high-intensity exercise compared to low-intensity exercise. “Harmful” 
was defined as effects related to exercise such as increased AF burden, 
more frequent cardiovascular hospitalizations or reported physical 
inconvenience during the exercise sessions.

Also, we did not observe any significant reduction of AF burden 
in the high-intensity exercise group. Thus, the overall result of the 
intervention study was neutral.12 

The study was conducted at Copenhagen University Hospital, 
Hvidovre and Amager, Denmark. The study complies with the 
Declaration of Helsinki and ethical approval was obtained from 
the National Committee on Health Research Ethics (H-2-
2012-048). The trial was registered at ClinicalTrials.gov, March 
2013 (NCT01817998), https://clinicaltrials.gov/ct2/show/
NCT01817998.

Participants
Eligible patients were identified from patients with diagnosed AF 

and consecutively recruited from the Department of Cardiology, 
Amager Hvidovre Hospital. The recruiting period was 2013-2015. 
Inclusion criteria were paroxysmal or persistent AF documented on 
electrocardiogram, age ≥ 18 years, and written informed consent. 
Exclusion criteria were permanent AF, radiofrequency ablation, 
substantial language barrier, life expectancy shorter than one year, and 
severe health conditions making physical exercise impossible, such as 
chronic obstructive pulmonary disease, advanced cancer, or arthrosis. 
Also, signs of active ischemic heart disease or unstable heart failure 
during baseline tests led to exclusion. In particular, angina during 
initial exercise test or markers of ischemia in the ECG as well as 
signs of lung stasis or oedema were exclusion criteria.

Excercise Program 
Over 12 weeks, the patients exercised twice weekly for one hour 

supervised by a physiotherapist. They were randomized to a high-
intensity or a low-intensity exercise group. Within each exercise 
group the patients conducted the exercise in small groups of ten 

patients. Exercise intensity was adjusted using the Borg perceived 
exertion scale 13. The low-intensity group trained at a Borg scale 
score corresponding to 50% of maximal exercise capacity, while the 
high-intensity group trained at a Borg scale corresponding to 80% of 
maximal exercise capacity. Over the first five weeks, exercise intensity 
progressed gradually. During week 1, the patients became familiar 
with using the Borg scale for adjusting exercise intensity. During 
week 2–5, the patients were introduced to biking, walking, and circuit 
exercises. Exercise intensity increased weekly until reaching 50% or 
80% of maximum, respectively. During week 6–12, exercise intensity 
remained constant, and volume increased substantially. 

Blinding was maintained for all assessors and analysts. Patients 
were not informed of what intervention they were receiving.

Outcomes
Baseline characteristics were obtained through questionnaires 

and confirmed in medical records. Symptoms related to AF were 
quantified by the European Heart Rhythm Association (EHRA) 
score 14 and reported as category I-IV.

At baseline and follow-up HRQoL was measured with the self-
administered questionnaire 36-Item Short Form Health Survey (SF-
36) which is a standardized, validated, generic health questionnaire 
widely used for assessing HRQoL 15. The questionnaire contains 
eight subscales of functional health and well-being scores: Physical 
functioning, role-physical, bodily pain, general health, vitality, social 
functioning, role-emotional, and mental health. In our analysis, these 
eight subscales were transformed into a physical component summary 

Table 1: Baseline characteristics

High-intensity 
(n=32)

Low-intensity 
(n=31)

P value

Age, yrs 61.8 ± 8.5 64.1 ± 8.9 0.33

Sex, female, % 40.6 38.7 1.0

Body weight, kg 93 ± 22.2 86.2 ± 17.4 0.17

Employment, yes 43.3 37.9 0.79

Marital status, yes 52 75 0.14

EHRA class (I/II/III/IV), n 6/7/7/2 5/11/9/1 0.75

Co-morbidity, %

Hypertension 59.4 45.2 0.32

Diabetes mellitus 15.6 6.5 0.43

Myocardial infarction 3.1 6.5 0.61

COPD 9.4 3.2 0.61

Stroke 6.3 6.5 1.00

Heart failure 0 12.9 0.05

Medication, %

β-blocker 56.3 74.2 0.19

Ca2+ antagonist 34.4 19.4 0.26

Digoxin 9.4 6.5 1.00

ACE 9.4 6.5 1.00

ARB 31.3 16.1 0.24

ACE: Angiotensin-converting enzyme inhibitor; ARB: Angiontensin-II receptor blocker; 
COPD: Chronic obstructive pulmonary disease; EHRA, European Heart Rhythm Association 
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score (PCS) and a mental component summary score (MCS). A high 
PCS score indicates no physical limitations and high well-being. 
Similarly, a high MCS score indicates a positive affect and excellent 
overall social and emotional health. The scores range from 0-100 in 
which a high score indicates better perceived HRQoL. If more than 
50 % of the subscale scores were missing, the entire questionnaire 
was declared missing. If at least 50 % of the subscales were available, 
the missing values were calculated from the average of the available 
answers. All recordings, summations, and transformations were 
carried out according to the SF-36 manual16. 

Within each exercise group (high- or low-intensity) SF-36 results 
were compared before and after exercise. In addition, we pooled 
data from the high- and low-intensity groups to study any possible 
improvement in HRQoL from exercise, regardless of intensity. 

Stastistics
All patient characteristics were presented as percentages, unless 

otherwise stated. Baseline characteristics for the two trial groups 
were compared using un-paired t-test for numerical characteristics 
or using Fisher’s exact test for categorical variables. 

HRQoL score variables had a highly skewed distribution (floor-
ceiling effect) and were therefore not normally distributed. Therefore, 
these data were presented in medians with interquartile ranges (IQR). 
Due to the skewed distribution of the HRQoL data, non-parametric 
statistical tests were chosen to assess differences in HRQoL scores. 
The Mann-Whitney rank sum test was used when two groups 
were compared, while comparisons of one group, before and after 
intervention, were analyzed by the Wilcoxon signed-rank test. 

The primary endpoint of the main study was burden of AF on 
which power calculation was based12 while the secondary endpoint 
was HRQoL.

In all tests, differences were considered to be statistically significant 
when the P-value was < 0.05, using two-tailed tests. All statistical 
analyses were performed with SPSS (IBM Corp. SPSS, version 22.0, 
Armonk, New York, USA).

Results

Baseline Data
There were no differences in baseline characteristics between the 

low-intensity and high-intensity exercise groups, Table 1.

Mean age was 62.9 ± 8.8 years and 40% of the patients were females. 
Sixty percent of the patients were retired from employment. Sixty-
eight patients had mild to severe AF-related symptoms (EHRA 
categories II-III). 

Participants
Out of 76 included patients, a total of 63 patients completed the 

training program with SF-36 questionnaires20. After randomization, 
six patients were excluded for various reasons: Two patients never 
showed up, three patients had to withdraw their consent due to 
logistics while one discontinued the intervention due to concurrent 
disease. In total, 26 patients were excluded due to ischemic heart 
disease. Additionally, seven patients were excluded due to missing 
SF-36 data or inability of complete the questionnaire.

Outcomes
At baseline, there was no statistically significant difference in 

HRQoL between low-intensity and high-intensity exercise in 
the physical or mental component score (P=0.16 and P=0.49, 
respectively), Table 2.  

Within the exercise groups, high-intensity exercise significantly 
improved the physical component summary score (median from 46 
to 49, P=0.04) and low-intensity exercise significantly improved the 
mental component summary score (median from 57 to 58, P=0.04), 
Table 3. 

When comparing the effect of low-intensity exercise to high-
intensity exercise from baseline to follow-up, no significant difference 
was found in any score of HRQoL (all P-values>0.06), Table 3.

An additional analysis with data from the low-intensity and 
high-intensity exercise groups pooled together showed significant 
improvement in both physical and mental component summary 
score (P=0.02 and P=0.03, respectively), Table 4.

Discussion 
In this randomized trial, we demonstrated that both high-intensity 

and low-intensity exercise improved HRQoL. However, when 
comparing the effect of high-intensity and low-intensity exercise at 
follow-up, no difference in HRQoL was found. 

Joensen et al. found that a combination of patient education and 
exercise had a positive short-term effect on HRQoL17. Thus, the 

Table 2: Health related quality of life: Baseline data, high- and low-intensity 
groups 

SF-36 scale (0-100 range)a High-intensity
Before training
(n=32)

Low-intensity
Before training
(n=31)

P value

Physical functioning 88 (66-95) 85 (75-95) 0.95

Role physical 75 (25-100) 75 (13-100) 0.86

Bodily pain 62 (52-84) 84 (72-100) 0.03

General health 65 (50-77) 70 (57-83) 0.17

Vitality 65 (46-85) 70 (55-85) 0.49

Social functioning 100 (75-100) 100 (100-100) 0.06

Role emotional 100 (42-100) 100 (67-100) 0.78

Mental health 84 (72-92) 86 (76-92) 0.69

Physical component 
summary score (PCS)b

46 (39-52) 49 (44-53) 0.16

Mental component 
summary score (MCS)b

56 (46-61) 57 (50-60) 0.49

Data are presented as medians and interquartile range (IQR).
a.Higher scores indicate better perceived HRQoL.
b.Standardized for comparison with an American normal population with mean 50, SD 10.
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highly symptomatic patients and by comparing exercise intervention 
with passive controls6, 8, 11, 18. These studies generally found that 
reduced HRQoL in patients with AF was associated to the burden 
of arrhythmia-related symptoms19, 20. However, some studies also 
found reduced HRQoL in asymptomatic patients with AF21, 22  thus 
the results are conflicting. 

We found no significant difference in the effect of high- versus 
low-intensity exercise. Within the exercise groups we found a 
significant improvement, comparing HRQoL before and after the 
exercise programs. High-intensity exercise improved the PCS score 
from 46 to 49 and low-intensity exercise the MCS score from 57 to 
58 which are considered as small improvements. The improvements 
in MCS for the low-intensity exercise group may be a result of being 
part of a treatment group which gives a certain level of well-being 
(the Hawthorne effect)20 . 

The lack of improvement in the mental component of HRQoL in 
the high-intensity exercise group may be due to extracardiac side-
effects during the exercise.

Reed et al. also documented a partly positive effect on HRQoL 
among patients with cardiac diseases with and without AF23, even 
with a great effect observed in patients without AF. This indicates the 
importance of rehabilitation programs including exercise for patients 
with AF as also found in the study by Malmo et al.11 

An explanation for the relatively small improvements on the 
HRQoL-scale could be the ceiling effect. Patients in both groups 
had high baseline scores which makes it difficult to improve the 
HRQoL. The summary scores (PCS, MCS) at baseline were almost 
the same as in an age-matched general population in Denmark24.
This contradicts the generally accepted understanding that patients 
with AF have significantly impaired HRQoL compared to healthy 
controls20, 25. 

research group studied the effect of a combined intervention relative 
to standard treatment whereas we in our study solely investigated the 
effect of exercise on HRQoL.

Both patient groups in our study were offered nurse-led 
rehabilitation and patient education. 

Similarly, Malmo et al. found that aerobic interval training for 12 
weeks significantly improved HRQoL compared to a control group11. 
Thus, overall exercise intervention studies indicate a positive effect on 
HRQoL. 

Other elements also effect patients’ HRQoL such as burden of 
arrhythmia symptoms. The majority of previous studies investigating 
HRQoL in patients with AF differ from this study by including 

Table 3: Health related quality of life measured by SF-36 for high-intensity and low-intensity exercise at baseline and 12-week follow-up. 

SF-36 scale (0-100 range)a
High-intensity Low-intensity

Baseline (n=32) Follow-up
(n=32)

P value b Baseline (n=31) Follow-up
(n=31)

P value b P value c

Physical functioning 88 (66-95) 85 (70-95) 0.34 85 (75-95) 90 (75-95) 0.04 0.35

Role physical 75 (25-100) 100 (50-100) 0.02 75 (13-100) 100 (75-100) 0.004 0.36

Bodily pain 62 (52-84) 74 (62-100) 0.24 84 (72-100) 84 (60-100) 0.96 0.35

General health 65 (50-77) 72 (53-82) 0.20 70 (57-83) 77 (61-87) 0.37 0.73

Vitality 65 (46-85) 73 (45-80) 0.66 70 (55-85) 75 (60-80) 0.05 0.06

Social functioning 100 (75-100) 100 (75-100) 0.40 100 (100-100) 100 (88-100) 0.71 0.79

Role emotional 100 (42-100) 100 (67-100) 0.04 100 (67-100) 100 (67-100) 0.17 0.70

Mental health 84 (72-92) 88 (76-96) 0.16 86 (76-92) 92 (84-96) 0.001 0.10

Physical component summary score d 46 (39-52) 49 (40-53) 0.04 49 (44-53) 51 (44-55) 0.17 0.89

Mental component summary score d 56 (46-61) 55 (48-61) 0.29 57 (50-60) 58 (52-61) 0.04 0.43

Data are presented as medians and interquartile range (IQR).
a Higher scores indicate better perceived HRQoL.
b Level of significance for the effect of exercise within the group from baseline to follow-up.
c  Level of significance for the effect of low-intensity compared to high-intensity exercise at follow-up.
d  Standardized for comparison with an American normal population with mean 50 (SD 10).

Table 4: Health related quality of life: Before and after physical exercise, 
pooled data. 

SF-36 scale (0-100 range)a Baseline
(n=63)

Follow-up 
(n=63)

P value

Physical functioning 85 (70-95) 85 (75-95) 0.03

Role physical 75 (25-100) 100 (75-100) 0.001

Bodily pain 74 (62-100) 74 (62-100) 0.29

General health 67 (52-82) 72 (57-82) 0.12

Vitality 70 (50-85) 75 (55-80) 0.26

Social functioning 100 (88-100) 100 (81-100) 0.41

Role emotional 100 (67-100) 100 (67-100) 0.01

Mental health 84 (72-92) 92 (76-96) 0.001

Physical component summary score 
(PCS)b

47 (40-52) 49 (42-54) 0.02

Mental component summary score 
(MCS)b

57 (47-60) 58 (50-61) 0.03

Data is presented as medians and interquartile range (IQR).
a   Higher scores indicate better perceived HRQoL
b   Standardized for comparison with an American normal population with mean 50 (SD 10)
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In conclusion, this randomized trial confirmed that structured 
exercise can improve HRQoL in patients with non-permanent 
AF. However, we did not find an additional positive effect of high-
intensity physical exercise compared to low-intensity on HRQoL. 
Further studies are needed to clarify this.
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Introduction
Atrial fibrillation (AF) and heart failure (HF) are leading causes 

of emergency hospital admissions with compounding morbidity and 
mortality.1 AF can cause, or exacerbate HF, even after effective rate 
control has been achieved. Rhythm control can lead to significant 
improvement in HF outcomes, especially when performed early in 
appropriate patients.2

Electrical direct current Cardioversion (DCCV) is an established, 
non-invasive strategy for restoring sinus rhythm.3 Its accessibility, 
immediacy of effect and strong safety profile have led to its application 

as a first-line strategy in the setting of haemodynamic instability.4 It 
can be performed as a ‘proof of benefit’ test to evaluate the change 
in symptom burden resulting from the restoration of sinus rhythm. 
If significant improvement in HF symptoms or cardiac function is 
seen, it can support the subsequent pursuit of invasive rhythm control 
therapies.

Structural remodelling and improved cardiac function have been 
shown in patients with HF with reduced ejection fraction (HFrEF) 
after AF catheter ablation.5 This occurs to a greater extent than through 
anti-arrhythmic drugs (AADs) alone, potentially due to greater 
efficacy in maintaining sinus rhythm, although adverse effects of the 
pharmacotherapies may also play a role. Contemporary guidelines 
recommend AADs and catheter ablation as appropriate rhythm control 
therapies for symptomatic AF.6
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Abstract
Background: Rhythm control for persistent Atrial Fibrillation (AF) can significantly improve cardiac function and heart failure with reduced 

ejection fraction (HFrEF) symptoms in selected patients. Electrical DC cardioversion (DCCV) is an effective short-term rhythm control strategy. 
The long-term rhythm and functional outcomes after DCCV in this cohort, off amiodarone is unclear.

Methods: This retrospective, observational study of patients with persistent AF and HFrEF undergoing elective DCCV in a nurse-led service 
was undertaken. Baseline and follow-up echocardiography and interval rhythm assessments were also performed to evaluate structural and 
functional remodelling and AF-free survival.

Results: 40 patients were included with a left ventricular ejection fraction (LVEF) <35% in 19 (48%). LV EF improvement was seen in 
patients who maintained sinus rhythm at follow-up with an absolute improvement of +20% (13, 22). This was associated with the AF duration 
(U=21.00, p =0.03) and baseline LVEF (U=14.00, p=0.01). 18 (64%) patients were remained free of AF at 12 months. This was associated 
with the change in LV EF (U=59.0, P<0.01) and left atrial size (U= 6.0, p=0.04). Median AF free survival was 434 days (140, 1496) with 6 
patients remaining in sinus rhythm off amiodarone at 2 years.

Conclusions: DCCV may be a feasible strategy for early rhythm control, achieving freedom from AF beyond 12 months in selected patients. 
Reversal of AF-related pathological remodelling in HFrEF patients may be seen if sinus rhythm is sustained and can be used as a bridge to 
catheter ablation in combination with anti-arrhythmic medications.
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The long-term success rate of DCCV as a stand-alone rhythm 
control therapy is inversely correlated with the duration of follow-
up, with most patients relapsing to AF after a single DCCV over 2 
years.7 Anti-arrhythmic drugs (AADs) can be used alongside, and after, 
DCCV to improve acute procedural success.8 However, if AADs are 
required to sustain SR after DCCV, then this strategy may only offer 
transient benefit with relapse of AF when the AADs are discontinued. 
This may lead to a false assurance that effective rhythm control has 
been achieved and potentially delay the consideration of alternative 
rhythm control strategies. Protocolised clinical trials may not reflect 
the nuances of combined rhythm control strategies and personalised 
AAD regimens, which would be important to evaluate the practical 
value of DCCV as a long-term therapy.

This retrospective real-world study of clinical practice is designed to 
determine the long-term rhythm outcomes and the impact of AAD 
withdrawal in HFrEF patients. The structural and functional cardiac 
changes seen after DCCV were also be assessed. 

Methods
A retrospective review of all patients with persistent AF undergoing 

elective DCCV at a district general hospital between February 2017 
and June 2019 was undertaken. Demographic features, survival, 
medications and echocardiographic parameters were extracted from 
the electronic health record (EHR). Date of first diagnosis was taken as 
the first investigation to confirm arrhythmia or LVSD or first reference 
to diagnosis being made in the EHR. AF and HFrEF diagnoses were 
considered contemporaneous when diagnoses were made within 90 
days of each other.

Persistent AF was defined as sustained AF for more than 7 days. AF 
duration was recorded as the duration of continuous AF prior to the 

DCCV. HFrEF was defined as having a left ventricular ejection fraction 
(LVEF) of less than 50% on trans-thoracic echo within 6 months of 
DCCV, and HF symptoms. A standard hierarchical sequence was 
applied for LVEF determination: a Simpson’s biplane approach was 
preferred, then a 2D method and in the absence of the preceding, the 
reported visually estimated LVEF. Where LVEF was reported as a 
range, the midpoint value was used.

Optimal HF therapies were expected to be uptitrated prior to DCCV 
but not mandated. DCCV was performed as per local protocol by 
an experienced arrhythmia nurse specialist as part of a nurse-led 
service. All cases were performed in the fasting state with >4 weeks of 
continuous anti-coagulation mandated, otherwise it was re-scheduled 
till this was achieved. AAD therapies were not interrupted; however 
beta-blocker dose was held on the day of procedure if the resting heart 
rate in AF was <80bpm. A baseline ECG was taken to confirm AF. 

Haemodynamic monitoring was in place and full equipment for 
cardiopulmonary resuscitation was present. ECG leads were connected 
as back up in case pacing was required due to bradycardia or asystole 
after DCCV. After the administration of intravenous sedation, 
synchronized direct-current biphasic shock was administered using 
the anteroposterior pad position. A maximum of 3 shocks were given at 
escalating energy levels from 200J to 360J. Post-procedure ECG taken 
1-hour after the final shock was used to determine procedural success. 
All complications were recorded. Patients were discharged home the 

Figure 1:

Consort diagram to show rhythm outcomes of patients with heart 
failure with reduced ejection fraction after cardioversion at 12 
months after DCCV and final study follow-up. Stratification by 
additional rhythm control treatments (amiodarone and catheter 
ablation) is also shown.

Table 1: Baseline characteristics of patients with heart failure with reduced 
ejection fraction undergoing cardioversion.

Baseline Characteristics n=40

Age (years) 66.2 ±12.2

Male sex (no., %) 26 (65)

BMI 28.0 (25.7,32.6)

Hypertension (n, %) 24 (63)

Diabetes (n, %) 10 (26)

NYHA

1 11

2 19

3 10

4 0

Cause of HF (n, %)

Ischaemic 2 (5)

AF induced-cardiomyopathy 36 (90)

Other

Drug-induced 1 (3)

Idiopathic dilated cardiomyopathy 1 (3)

HF medications

Beta-blocker (n, %) 35 (88)

ACEI/ARB (n, %) 36 (90)

MRA (n, %) 13 (33)

Echocardiographic measurements

LA Diameter (cm) 4.6 (4.2, 5.2)

LV EDV (mL) 130 (103, 168)

LV EF (%) 36 (30, 42)

Duration of continuous AF 7.7 (3.6, 14.3)

>12 months 14 (35)
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same day as default with continued anticoagulation. Anti-arrhythmic 
drugs were continued until follow-up.

Follow-up consultation was performed at 1, 3 and 6 months 
with repeat trans-thoracic echo performed prior to the 3-month 
consultation. Standard practice was to discontinue amiodarone at 
3-months after DCCV, however this was at the discretion of the clinical 
team. Patients were then followed up on a 6 monthly basis with ad 
hoc telephone/email communication if symptoms or recurrent AF 
episodes were recorded. The study was registered and endorsed by the 
Barts Health NHS Trust Clinical Effectiveness Unit, study number 
#12024 and conforms to the principles of the Declaration of Helsinki.

Statistical analysis was performed using SPSS. The Shapiro-Wilk 
test discerned whether data were normally distributed. Continuous 
variables were analysed using two-tailed independent t-test for 
normally distributed data or the Mann–Whitney U test for non-
normally distributed data. Chi squared test will be used for categorical 
variables. Normally distributed data are presented as mean ± standard 
deviation and non-normally distributed data as median (interquartile 
range). Kaplan-Meier analysis of AF-free survival was performed 
and univariate then stepwise multi-variate Cox regression analyses 
were used to estimate the effect of selected variables. Variable 
selection was based on those associated with freedom from AF after 
AF catheter ablation, namely left atrial (LA) size, change in LVEF 
and AF duration.9 Variable selection for improvement in LVEF was 
also based on findings in patients undergoing AF catheter ablation. 
Baseline LVEF, LVIDD, AF duration and a mineralocorticoid receptor 
antagonist (MRA) use were selected.10–12 The level of significance for 
all tests was set at α<0.05. 

Results
Patient characteristics

307 patients underwent DCCV during the study period. 49 patients 
had HFrEF at baseline with 40 patients completing follow-up (table 
1) and included in this study. The mean age was 66±12 years and 26 
(65%) were male. 24 (63%) patients had hypertension and 7 (18%) had 
known ischaemic heart disease with a preceding diagnosis of ischaemic 
heart disease with two cases (5%) of ischaemic cardiomyopathy with 
pre-existing left ventricular systolic dysfunction. 36 (90%) of patients 
were considered to have a contributory AF-induced cardiomyopathy 
and in two cases a drug-induced cardiomyopathy and idiopathic dilated 
cardiomyopathy were suspected. Median duration of persistent AF 
prior to DCCV was 8 (4, 14) months. 14 (35%) patients had AF 
diagnosed more than 12 months prior to DCCV. A HFrEF diagnosis 
whilst in SR preceded the AF diagnosis in 2 (5%) patients, whereas 

Table 2:
Cox regression analysis of variables associated with AF free 
survival after cardioversion in patients with heart failure with 
reduced ejection fraction

Univariate Multi-variate

HR 95% CI p-value HR 95% CI p-value

LA diameter 2.95 0.96-
8.94

0.06 2.95 0.99-8.8 0.05

Change in LVEF 0.95 0.91-
0.99

<0.01 0.97 0.93-1.01 0.19

AF duration 1.00 1.00 0.94

28 (70%) had their diagnoses made concurrently. Median follow-up 
was 4.2 years (3.5-4.7 years). The baseline characteristics of 9 patients 
that did not complete follow-up were not significantly different in 
comparison to those included. (Supplementary table 1) 4 underwent 
AF catheter ablation prior to repeat imaging.

The average LVEF at baseline was 36% (32, 45) and 19 (48%) patients 
had an LV EF <35%. 13 (33%) patients were taking a mineralocorticoid 
receptor antagonist at baseline. No patient had a cardiac device in situ 
at the time of DCCV. The median LA diameter was 4.6cm (4.2, 5.2) 
and LV end diastolic volume (LVEDV) was 130ml (103, 168) (table 1).

Procedural outcomes
No procedures were re-scheduled due to sub-therapeutic 

anticoagulation, with 35 patients established on a direct-acting oral 
anticoagulant and 5 on warfarin. No procedure-related complications 
were reported. 37 (93%) patients were taking amiodarone at time of 
DCCV. Acute success was seen in 37 (93%) patients and sinus rhythm 
was maintained in 28 (70%) of patients at 3-month follow-up. In the 
three patients who were not acutely successful, two did not achieve 
sinus rhythm despite three shocks and the third cardioverted on first 
attempt but relapsed during post-procedure recovery. All three had 
been loaded on amiodarone prior to the DCCV attempt.

Re-do DCCV was performed in two patients, of whom one who 
went on to have AF catheter ablation. 12 (30%) patients underwent 
AF catheter ablation within 12 months of their DCCV; 5 patients had 
had an AF recurrence whilst the remainder were in sinus rhythm. 10 
(83%) of these patients were in sinus rhythm 12 months after catheter 
ablation. The two patients who were in AF at 12 months had already 
had an AF recurrence prior to their ablation.

Of those not having catheter ablation, 18 (64%) patients remained in 
sinus rhythm at 12 months with discontinuation of their amiodarone in 
14 (figure 1). 6 of these patients remained AF-free off AADs at 2 years. 
Change in LV EF (U=59.0, P<0.01) and LA size (U= 6.0, p=0.04) was 
strongly associated with subsequent freedom from AF at 12 months. 
The median AF free survival was 410 days, [110, 1496] (figure 2). 
Excluding those patients who underwent AF catheter ablation, median 
AF free survival was 434 days (140, 1496).

Figure 2:
Kaplan Meier curve of patients with heart failure and reduced 
ejection fraction that shows AF-free survival after DC 
cardioversion without additional rhythm control procedures
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with results expected in 2024 (CT identifier: NCT04987723).

Studies of rhythm control using AF catheter ablation have suggested 
that LA size independently predicts AF recurrence, although concurrent 
LVSD does not.18,19 This association has also been seen in our cohort of 
patients who maintained sinus rhythm. Although the change in LVEF 
was associated with recurrence on univariate analysis, it did not add 
value on multi-variate analysis after LA size was considered. 

HF medical therapies were commonly continued in the context of 
LV function recovery. This may avoid the risk of relapse as can be seen 
on medication withdrawal in patients with functional recovery in non-
ischaemic cardiomyopathy.20

AF often recurred once amiodarone was discontinued. Of the 
patients who did not go on to receive AF catheter ablation, 7 (21%) 
remained in sinus rhythm off AADs beyond 1 year. Previous studies, 
not specific to the HF population, have reported LVEF and duration 
in AF as predictors of acute success and short-term restoration of sinus 
rhythm.21,22 Such studies also considered urgent and elective DCCV 
cases together with a much higher acute and sub-acute failure rate than 
reported in our study, potentially due to incomplete loading with AADs 
and patient selection. Thus, in the setting of LVSD, elective DCCV may 
be an appropriate therapy despite extent of LVSD and LA size. The 
resultant reverse remodelling and functional improvement may suggest 
baseline echocardiographic parameters may significantly improve and 
the treatment may have greater benefit in patients with these features. 13

Chronic AAD use in HFrEF patients is undesirable. HF is a contra-
indication for several anti-arrhythmic agents and co-existent coronary 
artery disease is common, which limits choice further.23 Pre- and post-
DCCV treatment with amiodarone is associated with improved rhythm 
outcomes in the short term and was standard practice in our institution 
during the study period.8 Amiodarone is the most commonly used 
AAD for rhythm control in surveyed European practice.1,24 However, 
extra-cardiac adverse effects, including dermatologic effects, thyroid 
and hepatic dysfunction can occur and so adjunctive courses are often 
limited to 6-12 months.25,26 Amiodarone pre-treatment was used in 
our patient cohort where there was no contra-indication to optimise 
for short-term success. Decisions around discontinuation were at 
the discretion of the direct clinical team and routinely performed 
after the 3-month follow-up appointment. One patient developed a 
rash associated with amiodarone which resolved on discontinuation, 
otherwise no serious adverse event was reported. Such decision-making 
is complex and reflected in the Consort diagram in figure 2.

A step-wise approach to rhythm control; DCCV performed prior to 
AF catheter ablation, should be considered in light of the contemporary 
data supporting early rhythm control.27 Sub-group analysis of EAST-
AFNET4 showed earlier rhythm control can increase the reported 
benefit in HF patients.2,27 The ESC gave a class 1 recommendation in 
2020 for catheter ablation to reverse LV dysfunction in AF patients 
with suspected tachycardia-induced cardiomyopathy.6 DCCV may 
be used as an interim step or to assess response in contemporary 
management of this cohort but it should not delay catheter ablation. 
Alternatively, DCCV may be a more accessible rhythm control therapy 
to restore sinus rhythm urgently and start the remodelling cascade 

Structural remodelling
The median change in LV EF after DCCV was +13% (6%, 20%), with 

22 (55%) patients improving their LVEF to >50%. 28 (70%) patients 
were in sinus rhythm at follow-up echocardiography. Improvement 
in function was associated with rhythm at follow-up (Sinus rhythm: 
+20% (13, 22) vs AF: +5% (-4, 7), p<0.01). Patients who remained in 
AF did not experience a significant change in their LVEF with median 
of 40% (31, 44) at baseline vs 44% (31, 45) after DCCV [Z=-0.98, 
p=0.33]. Prognostic heart failure medications were continued at long-
term follow-up with beta-blockers, renin-angiotensin system-acting 
agents and mineralocorticoid receptor antagonists with no significant 
change compared to baseline; 37 (93%) [p=0.08], 35 (88%) [p=1.00], 
16 (40%) [p=0.366] respectively.

Of the patients in sinus rhythm at follow-up, AF duration (U=21.00, 
p =0.03) and baseline LVEF (U=14.00, p=0.01) were associated with 
recovery of LVEF to >50%. Baseline LA size (U=11.0, p=0.85), baseline 
LVEDV (U=50.0, p=0.76), MRA use (90% of responders vs 10% of 
non-responders, P=0.382). (table 2)

Discussion
DCCV is an accessible, non-invasive rhythm control strategy with 

an attractive risk profile. It has established value as a triage test to 
evaluate the benefit from a ‘trial of sinus rhythm’ in HFrEF patients. 
However, it’s standalone use as a long-term treatment option is limited 
by the downstream risk of recurrence and the increasing availability of 
established long-term rhythm control strategies such as AF catheter 
ablation. Although the acute and short-term success of DCCV 
can be optimised with concomitant amiodarone therapy in HFrEF 
patients, this could be considered to be simply postponing definitive 
rhythm control if the AF is likely to relapse once the amiodarone is 
discontinued. Therefore, characterisation of the durability of rhythm 
control achieved by DCCV off AADs is important to understand 
its long-term therapeutic role. In our cohort, 24 (60%) of HFrEF 
patients were free from AF at 12 months after DCCV. 14 (58%) had 
successfully discontinued their AADs and received no further rhythm 
control therapies during this period. Baseline LA size was significantly 
associated with freedom from AF.

Structural remodelling and LV functional improvement was seen 
in patients maintaining sinus rhythm with the LVEF recovering to 
>50% in 23 (82%) patients and a significant reduction in LA size. The 
rhythm-dependent nature of this improvement supports the clinical 
suspicion that AF was driving LV impairment in these patients. 
Improvement has been shown to be associated with benefit in clinical 
endpoints as well.13 This is also in keeping with a previous case series of 
patients with non-ischaemic dilated cardiomyopathy and comparable 
to the extent of remodelling seen after successful AF catheter ablation, 
or AV node ablation.5,14,15 However, prospectively attributing causation 
and identifying patients with AF-induced cardiomyopathy from 
undiscriminated patients with concurrent AF and HFrEF can be 
challenging. AF duration and baseline LVEF were associated with 
LV function normalisation after successful DCCV; which has also been 
seen after AF catheter ablation in patients with HFrEF.16 Ventricular 
fibrosis on cardiac MRI has also been associated with poorer outcome.17 
The AFHF study is ongoing and aims to identify additional prospective 
markers that may be used to stratify response to AF catheter ablation 
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can be maintained at 1 year after DCCV with the discontinuation of 
AADs possible. Relapse after this timepoint is common and associated 
with increasing LA size. 

As well as being a challenge test to evaluate response, DCCV can be 
a destination therapy for selected patients who may be unsuitable for 
invasive rhythm control strategies or as a bridge combined with AADs 
in selected patients to facilitate the benefits of early rhythm control 
when timely access to catheter ablation is unavailable.
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Introduction
New-onset postoperative atrial fibrillation (POAF) may appear 

after cardiac surgery (15-60%). This incidence occurs at a rate of 15-
40% after coronary artery bypass surgery (CABG) 1-3. In patients 
with CABG, POAF is an important complication that can cause 
hemodynamic instability, thromboembolism, transient ischemic 
attack, stroke, end organ failure, prolonged hospital stay, increased 
mortality and increased health care costs. It is associated not only with 
increased postoperative mortality but also with a significant reduction 
in long-term survival rates 4,5. Although the exact pathophysiology of 

POAF has not been fully elucidated, it is complex and multifactorial 
6,7. POAF is a structural process that includes apoptosis, inflammation 
and fibrosis. 8,9 Many studies and hypotheses have tried to explain 
the details of the process. Left ventricular dysfunction and increased 
ventricular filling pressures contribute to atrial remodeling. The role 
of the pulmonary veins as one of the key trigger sites for the onset 
of AF has also been described 10,11. Another possible contributing 
condition to POAF could be sympathetic activation due to surgical 
stress, such as hypovolemia, intraoperative hypotension, anemia, and 
pain 12,13.

Inflammation during CABG appears to play an important role 
in the prothrombotic state associated with AF. There are also many 
data emphasizing the association of inflammation with AF itself and 
AF-related complications14. Many reports suggest that inflammation 
not only plays a role as a marker of AF events but is also involved 
in the occurrence of AF15. When past studies were evaluated, the 
relationships between known biochemical parameters and AF were 
discovered. However, there is no clear information about which 
biomarkers are specific to POAF16-18. In our study, we evaluated the 
preoperative and postoperative biomarker values of patients with 
and without AF after CABG in our clinic. We determined which 
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Abstract
Objective:
In our study, we evaluated the preoperative and postoperative biomarker values of patients with and without AF after CABG in our clinic.
 
Methods:
Patients who entered AF after CABG were examined, and 78 patients who entered AF were included in the study (AF group). 

Results:
The AUC value was calculated as a marker of AF development: 0.856 for IL-6, 0.634 for vWF-Ag, 0.611 for vWF-antibody(p values: 0.001; 

<0.001; 0.004; 0.018, respectively). In ROC analysis, the optimal cutoff values postoperatively were 30 for IL-6 (sensitivity 69.20% and 
specificity 86.7%), 240 for vWF-Ag (sensitivity 30.8% and specificity 92%) and 160 for vWF-antibody (sensitivity 42.3% and specificity 85.3%).

Conclusion:
Using IL-6, vWF-Ag and vWF-antibody values as biomarkers in patients with CABG may be useful in predicting POAF. 
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biomarker was more predictive in POAF.

Methods
Study Design:

In this clinical study, 1573 patients who underwent coronary artery 
bypass surgery (CABG) in a single center between January 1, 2017, 
and January 1, 2021, were retrospectively analyzed. In the retrospective 
analysis, patient information was obtained by using patient files and 
the hospital’s data processing system. The inclusion and exclusion 
criteria of the study are given in Table 1. Patients who entered AF 
after CABG were examined, and 78 patients who entered AF were 
included in the study (AF group). The control group included 75 
patients who underwent surgery on the same dates, were considered 
low risk according to the Society of Thoracic Surgeons (STS) risk 
class, had the same preoperative risk factors, had CABG, and had 
postoperative NSR (non-AF group). Considering all preoperative 
patients, there was no significant difference between the groups. The 
ages were 59.95±9.58 years in the AF group and 61.07 ± 11.07 years 
in the non-AF group. When the preoperative risk factors (COPD, 
PAH, HT, smoking, HL) were examined, there was no difference 
between the two groups. When preoperative medications (ASA, 
clopidogrel, beta blocker, statin, Ca channel blocker) were evaluated, 
there was no significant difference between the two groups (Table 2).

Biomarkers associated with AF were examined preoperatively (1 
day before surgery) and postoperatively (first day after surgery). We 
evaluated whether the changes in these biomarkers were significant 
before and after surgery in both groups. At the same time, the changes 
in these biomarkers were compared between Group I and Group II. 
Which biomarker was more specific in predicting AF was evaluated.

The study protocol was approved by the local ethics committee 
(65355327-604.01.02-E134), and the study was conducted in 
accordance with the Declaration of Helsinki and its later amendments.

POAF definition and management:
POAF was defined as atrial fibrillation that started before discharge 

from the hospital after CABG and required antiarrhythmic drugs 
(mostly intravenous amiodarone). During this period, no extra 
medical treatment was initiated for arrhythmias that developed due to 
electrolyte imbalance or oxygenation and were treated with electrolyte 
replacement or oxygen support. The diagnosis and treatment of AF 
were based on the “ESC 2020 guidelines for management of atrial 
fibrillation” 19.

Biomarkers:
When the literature was searched, many biomarkers associated with 

AF were identified. These biomarkers are known to be associated with 
AF via various mechanisms.

High-sensitivity Troponin I,which is generally used in acute 
coronary syndrome and indicates myocardial damage, has been 
associated with AF in some studies 20.

BNP is a peptide neurohormone synthesized mostly by myocytes 
in the left ventricle in response to high wall stress. It is an independent 
predictor of new-onset AF in patients who develop myocardial 
infarction 21.

Because platelets can induce hypercoagulability in AF, abnormal 
changes in platelet counts may predict underlying vascular diseases 22.

vWFincreases due to endothelial damage and is an indicator of 
endothelial dysfunction. High VWF levels are associated with an 
increased risk of coronary heart disease, ischemic stroke, and atrial 
fibrillation in the general population 23.

The prevalence of AF is higher in end-stage renal disease 
populations than in the general population, and the prevalence of AF 
increases as GFR decreases in general chronic kidney disease cohorts 
24.

Figure 1: ROC curve of biomarker values increasing postoperatively

Table 1: Patient criteria included and excluded from the study

Inclusion criteria Exclusion criteria

• • Elective isolated CABG • Emergency CABG

• • >18 years, <80 years • Undergoing valve operation

• EF >50% • • >18 years, <80 years

• Preoperative NSR • Preoperative AF

• Postoperative new onset AF • Myocardial infarction with in previous 48 
hours

• Needing anti-aritmik medical treatment. • Patients with infectious disease(e.g., 
hepatitis, tuberculosis)

• Normal cardiac chambers • Patients with reoperation

• Low Euroscore II, STS • Severe respiratory disease

• BMI <35 kg/m2 • Renal or hepatic  disease

• On-pump surgery • Coagulation disorders

• Thyroid dysfunction

• BMI >35 kg/m2

• Off-pump surgery
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CRP is an acute phase protein synthesized in hepatocytes in 
response to inflammation. Many studies have reported that high 
CRP levels or other inflammatory markers are independent risk 
factors for the incidence of AF in patients without a history of AF 25.

ESR,which indicates the inflammatory response, has been 
investigated to determine its role as a predictor for AF in some 
studies 26.

IL-6 is a marker of inflammation best associated with AF and 
is a circulating cytokine produced by monocytes, macrophages, T 
lymphocytes, and endothelial cells 27.

Neutrophil/Lymphocyte Ratio is an emerging inflammatory 
biomarker that has been extensively analyzed in many surgical 
disciplines in recent years. It has been particularly evaluated in the 
prediction of POAF after cardiac surgery 28.

Fibrinogen is a biomarker linking inflammation and prothrombotic 
state in AF. Suggested mechanisms include endothelial activation, 
increased platelet activation, and increased fibrinogen expression 29.

Iron is a positive acute phase (AP) protein that is markedly elevated 
during states of inflammation, most likely in response to increased 
amounts of cytokines. It has been associated with AF as an acute phase 
reactant in some studies 30.

Dehydroepiandrostverone(DHEA)has been attributed with a 
borderline association with AF risk that is not statistically significant 
in some studies. However, there are studies where it is considered an 
important indicator of possible atrial fibrillation in both men and 
women, independent of known cardiovascular risk factors 31.

Cortisol is a steroid hormone that is vital in the stress response and 
regulates a wide variety of homeostatic functions in the human body. 
Changes in cortisol levels often present as AF, which is the most 
common symptom32.

Surgical Procedure:
After three minutes of preoxygenation, anesthesia induction was 

performed with a 4-minute infusion of remifentanil (2.5 µg kg-
1) and midazolam (0.1 mg kg-1). Muscle relaxation was achieved 
with rocuronium (0.6 mg kg-1). Mechanical ventilation was started 
after endotracheal intubation when the BIS was <60. Mechanical 
ventilation was applied to all patients with a respiratory frequency 
adjusted to an EtCO2 level of 35-40 mmHg and a tidal volume of 
6 ml kg-1.

All operations were performed with median sternotomy. In CABG 
cases performed using extracorporeal circulation, an arterial cannula 
was placed in the ascending aorta, and a two-stage venous cannula 
was placed in the right atrium as a standard. After heparinization 
(intravenous administration of 100 IU/kg), cardiopulmonary bypass 
was started. A roller pump, membrane oxygenator and nonpulsatile 
flow were used during cardiopulmonary bypass. Moderate 
hemodilution (hematocrit value 22-24%) and mild hypothermia 
(nasopharyngeal temperature 32 °C) were achieved. Pump flow was 
maintained at 2.4 l/m2/min, and the patient’s mean blood pressure 
was >60 mmHg during cardiopulmonary bypass. Following cross-
clamping, cardiac arrest was achieved by preserving the myocardium 
with antegrade potassium blood cardioplegia (10 ml/kg) given from 
the aortic root and mild systemic hypothermia. Following each 
distal anastomosis during cardiopulmonary bypass, 250 ml of blood 
cardioplegia solution was given from the graft. If the left mammary 
artery was used, it was used as the last distal anastomosis on the left 
anterior descending artery. All proximal anastomoses were performed 
on the beating heart under partial clamping in all operations.

Figure 2: ROC curve of postoperative biomarker values

Table 2: Demographic data, preoperative medication and risk factors   

ALL(n:153) Non-AF (n:75) AF(n:78) p value

Age 62(24-79) 62(24-79) 60.5(36-76) 0,37¶

Male (n,%) 104(68,0%) 51(68,0%) 53(67,9%) 0,995*

DM 70(45,8%) 34(45,3%) 36(46,2%) 0,919*

Smoking 113(73,9%) 53(70,7%) 60(76,9%) 0,379*

HPL 52(34,0%) 24(32,0%) 28(35,9%) 0,611*

STROKE 1(0,7%) 1(1,3%) 0(0,0%) 0,490†

COPD 34(22,2%) 16(21,3%) 18(23,1%) 0,795*

PAH 52(34,0%) 30(40,0%) 22(28,2%) 0,124*

HT 100(65,4%) 48(64,0%) 52(66,7%) 0,729*

ASA 83(54,2%) 40(53,3%) 43(55,1%) 0,824*

Medication

Beta Blocker 75(49,0%) 36(48,0%) 39(50,0%) 0,805*

Statin 61(39,9%) 30(40,0%) 31(39,7%) 0,974*

Ca Channel Blocker 6(3,9%) 5(6,7%) 1(1,3%) 0,112†

Clopidogrel 36(23,5%) 18(24,0%) 18(23,1%) 0,893*

*: Chi-Square Test;†: Fisher’s exact test; ¶: Mann–Whitney U test was applied.
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hours (Table 3).

There was no preoperative difference between the biomarkers 
used to predict AF in either group (platelet, NLR, pro-BNP, IL-
6, fibrinogen, iron, DHEA, vWF-Ag, vWF-antibody, cortisol, ESR, 
GFR, CRP, hsTroponin I). Postoperative pro-BNP, IL6, DHEA, 
vWF-Ag, and vWF-antibody values were higher in the AF group 
than in the non-AF group (p=0.018, p<0.001, p=0.014, p=0.005, 
p=0.012, respectively) (Table 4).

 When we evaluated the changes between preoperative and 
postoperative values, WBC, NLR, fibrinogen, DHEA, cortisol, and 
CRP were not found to be statistically significant, although there 
were increases in both groups. When we evaluated the Pro-BNP, 
IL-6, vWF-Ag, vWF-antibody, and ESR values, the increases in 
these values were statistically significant (p=0.001, p<0.001, p=0.004, 
p=0.018, p=0.043, respectively) (Table5).

AUC values were calculated as markers of AF development and 
were 0.66 (0.572-0.747) for ProBNP, 0.856 (0.793-0.919) for IL-
6, 0.634 (0.546-0.722) for vWF-Ag, 0.611 (0.52-0.702) for vWF-

Postoperative care process:
During the first hour when the patients were transferred to the 

intensive care unit, the dose of remifentanil was halved, and the 
infusion was continued. Tramadol continued to be administered 
as needed. Patients who were awake and able to communicate, 
had adequate muscle strength, had arterial partial oxygen pressure 
above 80 mmHg and arterial partial carbon dioxide pressure below 
45 mmHg under 40% FiO2, stable hemodynamic and metabolic 
parameters and were without tremor were extubated if hourly 
drainage was below 50 mL per hour.

Statistical Analysis:
The Statistical Package for the Social Sciences version 21.0 for 

Windows (IBM Corp., Armonk, NY, USA) software package 
was used for data evaluation and analysis. Categorical variables 
are presented as frequencies (n) and percentages (%), and numeric 
variables are presented as means ± standard deviations and median 
(minimum-maximum) values. The Kolmogorov–Smirnov test was 
used for normality analysis. The chi-square test and Fisher’s exact test 
were used to compare the distribution of categorical variables between 
groups. Independent samples t tests and Mann–Whitney U tests 
were used to compare continuous variables between two independent 
groups. The Wilcoxon paired test was used to compare nonnormally 
distributed continuous variables between two dependent groups. 
The cutoff value of laboratory parameters to predict developing AF 
was determined by receiver operating characteristic (ROC) curve 
analysis. A value of p<0.05 was accepted to be statistically significant.

Results
The cross clamp time was 44.17±20.59, and the total cpb time 

was 73.17±32.11 in the AF group. In the non-AF group, the cross 
clamp time was 38.11±17.03, and the total cpb time was 65.67±26.21 
(p=0.09, p=0.276, respectively). No difference was observed in terms 
of the inotrope requirement in either group (p=0.598). One patient 
(1.3%) required IABP in the AF group versus 2 patients (2.7%) in 
the non-AF group. Postoperative stroke was not observed in either 
group. Death occurred in 1 patient in both groups. The cause of 
mortality was related to low cardiac output. Three patients (4%) in the 
non-AF group and 1 patient (1.3%) in the AF group were included 
in the bleeding revision due to drainage in the first postoperative 

Table 4: Comparison of AF parameters

Non-AF AF p value

Preoperative Median(Min-Max) Median(Min-Max)

Pro-BNP 666(24,2-22304) 432(42-13292) 0,744†

IL6 5,8(0,3-30,3) 5,2(0,24-136) 0,509†

Fibrinogen 378,75(24,96-876,45) 386,32(234-876,45) 0,888†

Fe 47(9-139) 46,5(9-133) 0,459†

DHEA 1,12(0,28-5,57) 1,165(0,2-5,57) 0,4†

vWF-Ag 155(20,71-203) 146,69(20,71-203) 0,838†

vWF-antibody 112,38(15,35-159) 131,28(15,35-184,99) 0,916†

Cortisol 13,89(0,5-39,66) 14,06(0,5-34,48) 0,864†

ESR 19(1,43-89) 18(2-89) 0,964†

GFR 92,2(60,1-158,2) 96,5(62,9-129) 0,389†

hsTroponin 241(0,01-12047) 140,5(0,01-6673) 0,921†

CRP 1,12(0,3-19,9) 1(0,3-19,9) 0,241†

Postoperative

Pro-BNP 1232(82,1-35000) 1863,5(67,3-19774) 0,018†

IL6 15,3(1,59-197) 42(1,26-662) <0,001†

Fibrinogen 447,74(78,4-876,32) 464,03(264-975,32) 0,33†

Fe 16(2-228) 17(7-228) 0,383†

DHEA 1,29(0,47-3,08) 1,5(0,4-5,2) 0,017†

vWF-Ag 198,7(25,15-265,3) 199,8(83,28-365,3) 0,005†

vWF-antibody 150,4(20,68-256,7) 153,8(22,22-363,21) 0,012†

Cortisol 26,05(5,81-84,86) 27,4(12,32-65,99) 0,365†

ESR 35(2-107) 37,5(13-93) 0,445†

GFR 83(51-143) 89,5(61-128) 0,194†

hsTroponin 524(0,01-6802) 234,5(9-5734) 0,716†

CRP 82(10,2-225) 86,4(8,56-157) 0,787†

(DHEA: Dehidroepiandrosteron, vWF-Ag: von Willebrand Factor antigen, ESR:Erythrocyte 
sedimentation ratio, GFR: Glomerular filtration rate, hsTroponin: high-sensitivity troponin)
†: Mann–Whitney U test was applied.

Table 3: Perioperative information and postoperative complications.

All Non-Af AF p value

Crosstime [Median(Min-
Max) ]

35(10-109) 34(10-91) 38,5(15-109) 0,09¶

Minutes of CPB 
[Median(Min-Max) ]

61(11-167) 59(11-131) 64(22-167) 0,276¶

Inotrop (n,%) 30(19,6%) 16(21,3%) 14(17,9%) 0,598*

IABP (n,%) 3(2,0%) 2(2,7%) 1(1,3%) 0,615†

Stroke (n,%) 0(0,0%) 0(0,0%) 0(0,0%) -

Revision (n,%) 4(2,6%) 3(4,0%) 1(1,3%) 0,360†

Death (n,%) 2(1,3%) 1(1,3%) 1(1,3%) 1†

(CPB: Cardiopulmonary Bypass, IABP: Intra-aortic balloon pump)
*: Chi-Square Test;†: Fisher’s exact test; ¶: Mann–Whitney U test was applied
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it has not been fully revealed whether AF is the cause of the increase 
in inflammation biomarkers14. CRP and IL-6 are biomarkers known 
to be associated with inflammation. In a study by Conway et al., 
these biomarkers were associated with postoperative mortality and 
ischemic stroke34. In the Stroke Prevention in Atrial fibrillation 
(SPAF) III trial, when all-cause-related deaths were examined, it was 
revealed that CRP had prognostic value35. Recent studies have shown 
that both CRP and IL-6 are associated with all-cause mortality, 
transient ischemic attack and stroke, acute coronary syndrome, and 
acute heart failure34. In an RE-LY biomarker substudy involving 
approximately 6,200 AF patients, there was an association between 
stroke, systemic embolic events and IL-636. In the study of Karabacak 
et al., the preoperative C-reactive protein/albumin ratio was found to 
be significantly higher in patients who developed postoperative atrial 
fibrillation after coronary artery bypass grafting than in patients 
who remained in normal sinus rhythm postoperatively. Moreover, a 
high C-reactive protein/albumin ratio was found to be one of the 
independent predictive factors for postoperative atrial fibrillation 
37. In a systemic review of 5 studies involving approximately 23,000 
patients, higher IL-6 levels in AF patients were associated with long-
term thromboembolic events, including stroke (RR 1.44, CI 95% 
1.09-1.90, p=0.01). High IL-6 levels indicate a higher risk of long-
term bleeding (RR 1.36, CI 95% 1.06-1.74, p=0.02), ACS (RR 1.81, 
CI 95% 1.43-2.30, p<0.001) and all-cause death. (RR 2.35, CI 95% 
2.09-2.65, p<0.001) 38.

In our study, when the patients with and without POAF were 
compared, no significant difference was found between the preoperative 
and postoperative CRP values (p=0.241, p=0.787, respectively). 
In addition, when the increases in postoperative CRP values were 
evaluated, there was no significant difference between the two groups 
(p=0.0875). There was also no difference between the two groups in 
preoperative IL-6 values (p=0.509). Among the postoperative values, 
the median value of the AF group was 42 (1.26-662) pg/ml, and the 
median value of the non-AF group was 15.3 (1.59-197) pg/ml; these 
values were found to be statistically significant (p<0.001). In addition, 
although IL-6 increased postoperatively in both groups, the increase 
in the AF group was statistically more significant than the increase 
in the non-AF group (p<0.001). In our study, unlike other studies, 
the CRP value was not seen as a parameter predicting AF. While 
CRP is not specific to AF, it is clear that it is a general inflammatory 
parameter. In addition, when the preoperative and postoperative ESR 
values were examined, they were not statistically significant in either 
group. However, considering the amount of increase in postoperative 
values compared to preoperative values, the change was found to be 
statistically significant in the AF group (p=0.043), with a sensitivity 
of 64.10% and a specificity of 58.70%. When the increase in the 
IL-6 value was evaluated in terms of predicting AF, its sensitivity 
was 80.8%, and its specificity was 84.00%, and it was revealed to be a 
critical biomarker in terms of predicting AF.

Cardiac troponins indicate myocardial damage. Due to the increase 
in heart rate during AF, the myocardial oxygen demand also increases. 
In addition, an increase in troponin levels can be observed due to 
mechanisms such as increased endocardial pressure due to increased 
atrial volume and deterioration of microvascular circulation 39. Mild 
elevations were associated with increased mortality from coronary 

antibody, and 0.595 (0.500-0.690) for ESR (p values: 0.001; <0.001; 
0.004; 0.018; 0.043, respectively).

AUC values werealso calculated postoperatively as markers of AF 
development and were 0.611 (0.521-0.701) for ProBNP, 0.822 (0.753-
0.892) for IL-6, 0.612 (0.522-0.701) for dehydroepiandrosterone, 
0.632 (0.545-0.720) for vWF-Ag,and 0.618(0.528-0.707) for vWF-
antibody (p values: 0.018; <0.001; 0.017; 0.005; 0.012, respectively) 
(Table 6) (Figure1).

In ROC analysis, the optimal cutoff values postoperatively were 
1200 for Pro-BNP (sensitivity 71.80% and specificity 46.70%), 
30 for IL-6 (sensitivity 69.20% and specificity 86.7%), 1.6 for 
dehydroepiandrosterone (sensitivity 48.7% and specificity 72%), 240 
for vWF-Ag (sensitivity 30.8% and specificity 92%) and 160 for 
vWF-antibody (sensitivity 42.3% and specificity 85.3%) (Table 6) 
(Figure 2).

Discussion 
The serious impact of POAF after CABG on mortality 

and morbidity in the short and long term is known 1-6. The 
pathophysiological mechanism of POAF has been investigated in 
many studies but has not been fully elucidated. In some studies, it 
has been revealed that the local/systemic inflammatory responses 
caused by surgical procedures, sympathetic activation or disruption 
of the atrium structure are the effects. 33. Many studies have tried to 
explain the pathophysiology of POAF with the aim of predicting this 
condition clinically and preventing its possible complications. 6,7,16,17

It has been demonstrated that CPB-induced systemic inflammation 
can induce POAF in CABG patients25. However, the cause and effect 
relationship between inflammation and AF are not understood, and 

Table 5: Postop changes of biomarkers according to preoperative values

Postoperative 
changes according 
to the preoperative 
values

Non-Af AF p value

WBC 1,01(-43,88-14,68) 1,44(-45,78-12,51) 0,695†

NLR 10,4(-2,98-74,78) 10,28(1,43-168,59) 0,507†

Pro-BNP 469(-8031-12696) 1069(-745-6482) 0,001†

IL-6 8(-4,51-192,9) 33,4(-52,74-606,8) <0,001†

Fibrinogen 89,86(-456,94-471,41) 94,23(-456,94-581,24) 0,434†

DHEA -0,08(-4,21-2,28) 0,21(-4,21-4,22) 0,139†

vWF-Ag 34,3(-112,7-189,39) 70,36(-112,7-258,11) 0,004†

vWF-antibody 39,98(-103,36-189,3) 66,69(-120,28-213,45) 0,018†

Cortisol 11,31(-13,18-70,46) 12,98(-5,14-49,95) 0,348†

ESR 12(-42-77) 19(4-45) 0,043†

GFR -5,6(-51,9-6) -6,5(-53-16) 0,469†

hsTroponin 1(-11802-4087) 15(-5441-1379) 0,875†

CRP 1(-11802-4087) 15(-5441-1379) 0,875†

(WBC: White Blood Cell, NLR: Neutrophil Lymphocyte Ratio, BNP: Brain Natriuretic Peptide, IL-
6: Interleukin-6, DHEA: Dehydroepiandrosterone, vWF-Ag: von Willebrand Factor Antigen, ESR: 
Erythrocyte Sedimentation Rate, GFR: Glomerular Filtration Rate, hsTroponin: high-sensitivity 
Troponin)
†: Mann–Whitney U test was applied.
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In our study, there was no difference in preoperative pro-BNP 
values between the AF and non-AF groups (p=0.744). However, 
the postoperative pro-BNP values were significantly higher in the 
AF group than in the non-AF group (p=0.018). When the increase 
between preoperative and postoperative values was compared, the 
increase in the AF group was more significant than that in the non-
AF group (p=0.001). The sensitivity of the increase in pro-BNP was 
76.90%, and the specificity was 0.3%. As seen here, although the 
increase in pro-BNP is sensitive to AF, it is not specific. This type of 
difference is notdesired in a biomarker to predict AF.

Many studies have been conducted on patients with AF and vWF, 
and a relationship between stroke risk and vWF has been established 
in most of these studies. There is a serious relationship between 
increased mortality and major bleeding and vWF concentration. A 
one-unit increase in vWF concentration was found to cause a 1.2% 
increase in mortality 48,49. In a study by Rivera-Caravaca et al., 940 
patients with AF were included. These patients were using vitamin 
K antagonists with INR values of 2.0-3.0. The vWF, pro-BNP, hsTn, 
and IL-6 values of these patients were checked, and all adverse 
events were recorded during follow-up. The vWF, hsTn, IL-6 and 
proBNP values were found to be significantly higher in the patient 
group considered to be at high risk according to CHA2DS2 scoring 
(p=0.004, p<0.001, p<0.001, p<0.001, respectively). In addition, vWF, 
hsTn and IL-6 values were found to be significant in the high-risk 
patient group according to HAS-BLED scoring (p=0.001, p<0.001, 
p<0.001, respectively)50.

In our study, no difference was observed between the preoperative 
values of vWF-antibody and vWF-Ag in the AF and non-AF groups. 
However, the postoperative vWF-Ag values were statistically higher 
in the AF group (p=0.005). At the same time, the amount of increase 
in postoperative values compared to preoperative values was found to 
be significantly higher in the AF group (p=0.004). The sensitivity of 
the vWF-Ag increase was 37.20%, while the specificity was 85.30%. 
The increase in vWF-antibody postoperative values was statistically 
significant in the AF group (p=0.012). The increase in postoperative 
values was also significant compared to the preoperative values 
(p=0.018). The sensitivity of the vWF-antibody increase was 73.10%, 
and the specificity was 48.00%. The specificity of the postoperative 
vWF-antibody was 85.3%, while the specificity of the vWF-Ag was 
calculated as 92%. Therefore, it is thought that although vWF-Ag and 

artery disease and heart failure, even in healthy elderly individuals, 
independent of major coronary artery disease40,41. In a study conducted 
in hospitalized patients with AF, it was found that an increase in 
hs troponin I levels was associated with mortality and major cardiac 
events. Looking at subgroups in the RE-LY study, AF and stroke 
were associated with increased TnI17. Similarly, looking at subgroups 
of the ARISTOTLE study, increased hsTn levels were associated 
with cardiovascular events and death42. Contrary to these studies, in 
the study of Boris et al. investigating the relationship between AF 
and cTnI after cardiac surgery, cTnI was not found to be associated 
with AF, although cTnI was significant as an inflammatory marker 
43. In our study, when the hsTnI preoperative and postoperative 
values were examined, no difference was observed in the AF and 
non-AF groups (p=0.921, p=0.716, respectively). Although there 
was an increase in the postoperative hsTnI value compared to the 
preoperative value, it was not statistically significant (p=0.991). In 
our study, the hsTnI value was not evaluated as a suitable biomarker 
to predict AF. Therefore, new studies are needed before we can define 
a marker with certainty.

B-type natriuretic peptide (BNP) is a neurohormone secreted 
from myocytes that are stretched due to overload or volume load. 
The BNP level may increase due to left ventricular hypertrophy, 
acute coronary syndrome, and AF. It may also increase with age and 
renal dysfunction 17,44. In a study examining patients with AF with 
major structural heart disease (MSHD), the NT-proBNP levels in 
patients without MSHD were 179 (90–401) pg/mL for SR (n=454) 
and 1000 (659–1760) pg/mL AF (n=74)(P<0.001) 45. In the study 
of Silvet et al., BNP levels were measured in 72 outpatients with 
chronic atrial fibrillation (AF) and in 49 control patients without 
AF. Patients with AF (median value 131 pg/ml) had significantly 
higher BNP levels than those without AF (median value 49 pg/
ml; p<0.001)46. High pro-BNP levels predict the risk of developing 
AF independent of other risk factors, including echocardiographic 
parameters. pro-BNP highly predicted the development of AF at a 
rate of 5.2-fold (95% confidence interval, 4.3 to 6.4; P<0.001). After 
evaluating other risk factors and multivariate pro-BNP, this ratio was 
found to be 4 times (95% confidence interval, 3.2 to 5.0; P<0.001) 
47. Considering the subgroups of the RE-LY and ARISTOTLE 
studies, increased pro-BNP values were found to be a biomarker of 
increased thromboembolic events and cardiovascular mortality 17,42.

Table 6: Sensitivity and specificity of biomarkers

Variables AUC 95% CI of AUC p value Cutoff Sensitivity Specificity

Pro-BNP postoperative 0,611 0,521-0,701 0,018 1200 71,8% 46,7%

IL6 postop 0,822 0,753-0,892 <0,001 30 69,2% 86,7%

Dehydroepiandrosterone postop 0,612 0,522-0,701 0,017 1,6 48,7% 72,0%

VWF-Ag postoperative 0,632 0,545-0,72 0,005 240 30,8% 92,0%

VWF-antibody postoperative 0,618 0,528-0,707 0,012 160 42,3% 85,3%

Pro-BNP increase 0,66 0,572-0,747 0,001 500 76,9% 57,3%

IL-6 increase 0,856 0,793-0,919 <0,001 20 80,8% 84,0%

vWF-Ag increase 0,634 0,546-0,722 0,004 100 37,2% 85,3%

VWF-antibody increase 0,611 0,52-0,702 0,018 30 73,1% 48,0%

ESR increase 0,595 0,500-0,690 0,043 15 64,1% 58,7%
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13. Guo Y, Lip GY, Apostolakis S. Inflammation in atrial fibrillation. J Am Coll 
Cardiol 2012; 60(22): 2263–70. 

14. Li J, Solus J, Chen Q, Rho YH, Milne G, Stein CM, et al. Role of inflammation and 
oxidative stress in atrial fibrillation. Heart Rhythm 2010; 7(4): 438–44.

15. 1Noubiap, J. J., Sanders, P., Nattel, S., & Lau, D. H. (2021). Biomarkers in atrial 
fibrillation: Pathogenesis and clinical implications. Cardiac Electrophysiology 
Clinics, 13(1), 221-233.

16. Hijazi, Z., Oldgren, J., Andersson, U., Connolly, S. J., Ezekowitz, M. D., Hohnloser, 
S. H., ... &Wallentin, L. (2014). Importance of persistent elevation of cardiac 
biomarkers in atrial fibrillation: a RE-LY substudy. Heart, 100(15), 1193-1200.

17. Ardhianto, P., &Yuniadi, Y. (2019). Biomarkers of atrial fibrillation: which one is a 
true marker?. Cardiology research and practice, 2019.

18. Hindricks, G., Potpara, T., Dagres, N., Arbelo, E., Bax, J. J., Blomström-Lundqvist, 
C., ... & Watkins, C. L. (2021). 2020 ESC Guidelines for the diagnosis and 
management of atrial fibrillation developed in collaboration with the European 
Association for Cardio-Thoracic Surgery (EACTS) The Task Force for the diagnosis 
and management of atrial fibrillation of the European Society of Cardiology (ESC) 
Developed with the special contribution of the European Heart Rhythm Association 
(EHRA) of the ESC. European heart journal, 42(5), 373-498.

19. Tamura, S., Doi, A., Matsuo, M., Katayama, H., Yoshiyama, T., Tatsumi, H., ... 
&Yoshiyama, M. (2019). Prognostic value of high‐sensitive troponin T for predicting 
cardiovascular events after atrial fibrillation ablation. Journal of cardiovascular 
electrophysiology, 30(9), 1475-1482.

20. Inohara, T., Kim, S., Pieper, K., Blanco, R. G., Allen, L. A., Fonarow, G. C., ... 
&Piccini, J. P. (2019). B-type natriuretic peptide, disease progression and clinical 
outcomes in atrial fibrillation. Heart, 105(5), 370-377.)

vWF-antibodies do not give sufficient results when used separately, 
they can predict AF when they are used together.

Selection of prophylactic pharmacological strategies for PoAF needs 
to be individualized to a patient’s condition and the risks and adverse 
events  associated with each intervention.  Drugs  with potential risk 
of proarrhythmia or toxicity, such as sotalol and do fetilide, are not 
recommended for routine use. Selective use of pharmacologic the 
rapiesin  High-risk patients undergoing cardiac surgery  helps to 
reduce PoAF, there by reducing morbidity, length of hospital stay and 
related health care costs51. We also routinely administered ß-blockers 
to our patients before the operation. Cortico steroids were routinely 
administered during CPB in the operation. Statin, N-acetylcysteine, 
ß-blocker, which is also effective on surveillance after the operation. 
We applied POAF treatment similar to the literature.

In addition, some biomarkers that were not routinely checked in 
our study may be more specific in predicting POAF.e.g; Biomarkers 
such as transforming growth factor-ß1, strctural proteins (such 
as collagen, fibrillin, fibronectin, and laminin), matricellular 
proteins, and glycosaminoglycans ,connective tissue growth factor 
(CTGF), or CCN2 , matrix metalloproteinase/tissue Inhibitor of 
metalloproteinase, mostly They occur as a result of changes in cardiac 
tissue and atrial structure.It may be morepredictive in POAF due to 
cardiac deterioration52. Due to there trospective nature of our study 
and the cost of routine examination of these biomarkers, we did not 
examine them.

The most important limitation of our study is that it is retrospective. 
In addition, more patients and longer follow-ups would have given 
more accurate results. Preoperative and postoperative 1st day values 
were evaluated in our study. Longer follow-ups of biomarker values 
could have been performed in the postoperative period.

CONCLUSION
The effects of POAF on mortality and morbidity in cardiac 

pathologies are undisputed. Therefore, predicting POAF will help to 
minimize mortality. Using IL-6, vWF-Ag and vWF-antibody values 
as biomarkers in patients with CABG may be useful in predicting 
POAF. However, prospective studies with larger numbers of patients 
are needed in the future.
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Introduction
Complete and lasting electrical pulmonary veins (PVI) isolation is 

the target of catheter ablation of atrial fibrillation (AF) 1. The creation of 
antral lesions with complete encirclement of the ostia of the pulmonary 
veins (PV) seems to be superior to a segmental approach, in terms 
of risk of AF recurrence 2. However, some evidence shows that PVI 
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Abstract
Background: Catheter ablation of atrial fibrillation (AF) requires technology support now more than ever and the advances are associated 

with an increase in the effectiveness. The new EnSite™ LiveView Dynamic Display (Abbott Technologies) provides real-time visualization of 
electrical information gathered by the Advisor HD Grid catheter in order to identify the pulmonary vein breakthrough. In this way, the LiveView 
system provides instant identification of target areas for ablation, allowing a prompt pulmonary vein isolation. 

Objective: The aim of this study was to evaluate AF recurrences after pulmonary vein isolation (PVI) using the LiveView system. 

Methods: Twenty-two patients with paroxysmal (91%) and early-persistent (9%) AF underwent radiofrequency ablation using high definition 
Grid Mapping Catheter Sensor Enabled and Tacticath™ Quartz catheter (Abbott Technologies). The procedure was conducted pursuing PVI 
guided by LiveView system. Each ablation point had a target Lesion Size Index (LSI) value of 5-5.5 and 4.5-5 for anterior and posterior 
segment of PV respectively. The complete PVI was validated after 30 minutes with pacing maneuvers and administration of intravenous 
adenosine. In case of vein reconnection, PVI was completed identifying vein breakthrough. Each patient was then implanted with a cardiac 
monitoring (Confirm RXTM, Abbott). 

Results:  After a 12 months follow-up, seven patients had recurrence of AF (survival free from AF: 68%). No major complication has been 
observed.

Conclusions: Identification of pulmonary vein breakthrough appeared to be effective and safe with good outcome in terms of atrial 
fibrillation recurrences.
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guided by PV breakthrough activity may not be inferior to an antral 
approach with encircling 3. Moreover, it has been demonstrated that 
AF recurrences after ablation is associated to vein reconnection 4. 
The EnSiteTM LiveView module is designed to provide real-time 
visualization of PV breakthrough activity by electrical information 
gathered by the AdvisorTM HD Grid mapping catheter in an area 
of interest. The EnSite Precision™ Cardiac Mapping System enables 
the calculation of the Lesion Size Index (LSI), a multi-parametric 
index which, when averaging a value of 5.3, is associated with better 
outcomes in patients undergoing PVI 5-6. Another important aspect 
is the follow-up in patients undergoing PVI. Recurrences beyond the 
first month after ablation are predictors of late recurrences 7-8. Various 
studies, using various monitoring methods, have shown that there is 
a poor correlation between clinical symptoms and actual number of 
AF episodes 9-12.  Implantable cardiac monitors (ICMs) seem to be 
superior in detecting atrial arrhythmias compared to intermittent 
monitoring 13-16. The aim of this study was to evaluate the rate of AF 
recurrence after PVI guided by the LiveView module, using the HD 
Grid high-density mapping catheter, and creating LSI-guided lesions. 
Follow-up was conducted by continuous rhythm monitoring by means 
of implantable cardiac monitors (ICM). 

Material and methods 
Study population

The study population enrolled patients >18 years old with paroxysmal 
or early-persistent atrial fibrillation (defined as AF episodes lasting 
less than 6 months) who underwent segmental PVI guided by three-
dimensional mapping of PV breakthroughs. Each patient provided 
written informed consent before participation. The study was approved 
by the local ethical committee (ID 2329) and performed in accordance 
with the ethical standards laid down in the Declaration of Helsinki. 
Each patient underwent a comprehensive pre-procedural assessment, 
which included 12-lead electrocardiogram (ECG), transthoracic 
echocardiography (with a special focus on the assessment of left atrial 
volume, left ventricular function, and valvular disease), and trans-
esophageal echocardiography to exclude left atrial appendage thrombus. 

Catheter ablation procedure
All procedures were performed under conscious sedation with 

propofol and fentanyl or with dexmetedomidine and fentanyl 17. Prior 
to catheter ablation, vitamin K antagonists were kept uninterrupted 
(target INR 2-2.5), while non-vitamin K antagonists anticoagulants 
were omitted on the morning of the procedure. At the beginning of 
the procedure, a probe was inserted into the esophagus at the level 
of the left atrium, to tag the esophageal location and provide intra-
esophageal temperature feedback during the procedure. The procedure 
was performed with a femoral vein access. Firstly, a deflectable 
multi-electrode catheter was positioned inside the coronary sinus, 
and an intracardiac echocardiographic probe the right atrium to 
identify the fossa ovalis. We administered an intravenous bolus of 
unfractionated heparin, with subsequent infusion to maintain an 
activated clotting time of >300 seconds. Then, a single transseptal 
catheterization was performed using fluoroscopic and intracardiac 
echocardiography guidance. Immediately after left atrium access, a 
guidewire was introduced inside the SL0 long sheath. Using floroscopy 
it was therefore possible to obtain the passage of the ablation catheter 
into the left atrium. We gain left atrium access with two catheters 
through the same transeptal catheterization. If the patient was in AF, 
electric cardioversion was performed to restore sinus rhythm. The 
TactiCath™ Quartz Contact Force ablation catheter and a high density 
AdvisorTM HD Grid mapping catheter were used to obtain three-
dimensional reconstruction and voltage maps of the left atrium using 
the with Ensite Precision mapping system (Abbott). Then, the HD 
Grid mapping catheter was systematically moved into each PV to 
identify the site of PV breakthrough in each PV with the LiveView 
module (Figure 1). Catheter ablation was sequentially targeted to 
antral segments adjacent to the PV sites with the earliest activity, 
delivering radiofrequency (RF) energy in a point by-point fashion 
with the TactiCath™ Quartz irrigated tip CF-sensing ablation catheter 
until the electrical isolation of the vein was achieved. Each lesion was 
created by targeting LSI values of 5-5.5 in the anterior segments, and 
4.5-5 in the posterior segments of each PV. RF energy was delivered 
in a temperature-controlled mode (upper limit 43°C). The RF power 
output was limited to 30 W in the posterior and roof segments, and 
to 35 W during ablation of the anterior segments. All RF sites were 
tagged automatically onto the three-dimensional left atrial geometry 
by means of the EnSite™ AutoMark™ module (Abbott), which 
simultaneously recorded the catheter position, contact force, force 

Figure 1: Live View module show RSPV breakthrough gathered by HD Grid 
in the inferior segment

Table 1: Baseline characteristics

Patients – n 22

Age - years 60 ± 11.1

Male – n (%) 15 (68.1)

Paroxysmal atrial fibrillation – n (%) 20 (90.9)

Left atrial volume index – ml/m2 34.1 ± 13.0

LV ejection fraction - % 60.6 ± 5.1

Hypertension – n (%) 14 (63.6)

Diabetes mellitus – n (%) 2 (9)

CHA2DS2 VASc score 2 (0 – 3)

Procedure time – min 158.2 ± 34.3

Fluoroscopy time – min 21.8 ± 6.7

Radiofrequency time - min 41.3 ± 14.6

Major complications – n (%) 0 (0)
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time integral, LSI, start time of ablation, RF power, the number of 
ablations, and the sequence of lesion placement. Disconnection of 
each PV was demonstrated by the disappearance of the local near-
field PV signals on the HD Grid catheter into the PV and validated 
after 30 minutes with the use of adenosine test, pacing maneuvers, and 
by the lack of atrial capture stimulating from all the pairs of the HD 
Grid catheter electrodes positioned into each ablated vein (Figure 
2). At this point, if bidirectional conduction block between the left 
atria and the PVs was achieved, the procedure ended. If PVI was not 
achieved, further lesions were created, targeting pulmonary veins’ 
breakthrough, until PVI was confirmed. At the end of the procedure, 
an ICM (Confirm RXTM Abbott) was implanted. Antiarrhythmic 
drugs were discontinued after first 3 months. Patients were followed 
through remote monitoring, which transmissions were analyzed by 
expert cardiologists. Major complication is defined as death, stroke/
TIA, PV stenosis, atrioesophageal fistula, cardiac tamponade, phrenic 
nerve injury, sepsis, abscesses, valve damage or endocarditis. Minor 
complication is defined as pericardial effusion, arteriovenous fistula or 
femoral pseudo aneurysm.

Outcomes
The primary outcome measure were acute PVI and freedom from AF, 

atrial flutter and atrial tachycardia recurrence after ablation procedure 
at one-year follow up. Recurrent AF occurring during the first three 
months (blanking period) were not counted. AF recurrence was defined 
as documented AF lasting ≥30 seconds by means of ICM monitoring. 
The arrhythmic events to the ICM were automatically reported by 
the device: it was programmed to recognize AF recurrences and atrial 
flutter using R-R cycle variability and for atrial tachycardias it has been 
set to record heart rates above 120 bpm. All recordings were evaluated 
by two cardiac electrophysiologists. Secondary outcome measure was 
total RF time. 

Statistical analysis
Continuous variables were checked for normality with the Shapiro-

Wilk test and were presented as mean and standard deviation (SD) 
if normally distributed, or as median and first-to-third quartile range 
(1st-3rd QR) if non-normally distributed. The primary outcome was 
assessed in a time-to-event manner, according to the Kaplan-Meier 

method. The software R was used for statistical analyses (R Foundation 
for Statistical Computing, Vienna, Austria).

Results
The baseline characteristics of the enrolled patients are summarized 

in Table 1. Twenty patients (91%) had paroxysmal AF, two patients 
had early-persistent AF and two of these patients had PVI procedure 
before.  

Mean left atrial volume was 34.1 ± 13 ml/m2 and meal left ventricular 
ejection fraction was 60.6 ± 5.1%. All patients were on non-vitamin 
K antagonists oral anticoagulants before the procedure.  All patients 
underwent AF catheter ablation and ICM implantation, with no 
complications. Cavo-tricuspid isthmus ablation was performed in two 
(9%) patients, because of a concomitant history of typical atrial flutter.

All patients had separated ostia in right and left PVs: 7 out of 88 PVs 
were electrically silent at baseline. After a first segmental isolation, 3 
(3.7%) of 81 veins showed dormant activity after adenosine infusion 
and 6 (7.4%) of veins were still connected to the left atrium after 
pacing inside veins. Further RF deliveries at the same PV segment 
achieving LSI target were needed in both cases to achieve electrical 
isolation. Mean LSI value between PVs isolated at the first passage 
was higher than PVs who had dormant activity or were still connected 
after pacing inside PV (5.2±0.5 vs 4.7±0.5). All PVs were isolated 
delivery RF in about 50% of their circumference at the ostium and 
none of the 88 PVs needed circumferential ablation to be isolated 
and at the end of the procedure all PVs (100%) were isolated. PV 
breakthroughs were more commonly located in the anterior segments, 
and PVI was most commonly achieved by delivering radiofrequency 
energy in that portion of the PV antra, as shown in Figure 3. Total 
procedural time was 158.2 ± 34.3 minutes and total RF time was 21.8 
± 6.7 minutes. Mean electrical isolation time was 10 minutes for left 
superior and left inferior PV, 11 minutes for right superior PV and 
9 minutes for right inferior PV. The mean LSI was 4.9±0.5 for the 
anterior segments and 4.4±0.7 for posterior segments. Figure 4 and 
Figure 5 show mean LSI values for anterior and posterior segments 
of each PVs. No procedural or periprocedural complications occurred. 
After 12 months (1st-3rd QR 7.75-15.25 months) follow-up, seven 

Figure 3: Anterior segment pulmonary veins’ breakthroughs percentages 
for each vein.

Figure 2: RF delivery at the point of RSPV breakthrough allow the electrical 
isolation of the vein
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of patients are free from AF recurrence after a 18-month follow-up 
using ICM after PVI. However, in this study 20% of patients had 
persistent AF 23. Previous studies have shown that the percentage of the 
circumference of the PV ostium ablated to achieve complete electrical 
isolation was above 50% and the percentage of PV reconnections 
ablated with segmental ostial ablation during second procedure for AF 
recurrence was high 24-25. At 6 months after second ablation procedure, 
70% of patients who underwent segmental ostial ablation were free 
from recurrent episodes of symptomatic AF but follow up did not 
performed with ICM. However, ablation was performed with very 
different technologies from current ones: there was not the use high-
density mapping catheters, ablating catheters with contact sensors, or 
lesion indices to create an effective ablation lesion. Using catheters with 
contact sensors and creating lesions based on multi-parameter indexes, 
including power output, contact force (CF) and RF time, has been 
shown to be associated with an increase in the success rate and lesion 
durability 5,6, 20, 26. By our experience the use of the liveview module does 
not increase the fluoroscopy time compared to traditional ablation. 
In this study, patients with paroxysmal or early persistent AF were 
treated: the mechanisms underlying persistent AF are complex and not 
fully understood nowadays and may require the ablation of additional 
structures such as the posterior wall left atrial appendage or coronary 
sinus. To be considered that the Liveview module is currently available 
for high-density mapping catheters, so the cost of the procedure is 
slightly higher than using a circular mapping catheter.

By our knowledge, this is the first study in which PVI was performed 
using live breakthrough of a high-density mapping catheter and lesion 
quality index and the follow up performed through ICM.  Arrhythmia-
free survival at follow-up seems to be non inferior to other few studies 
that used ICM for AF detection after ablation. A longer follow-up 
and including a greater number of patients is, however, necessary to 
confirm our data.

patients (31%) had recurrence of AF as assessed by ICM monitoring 
(Figure 6), five patients were symptomatic. There were no episodes of 
atrial flutter or atrial tachycardia at follow up.

Discussion
Main findings

Over time, technology has radically changed the way catheter 
ablation is performed 18. The main finding of this study is that the 
Liveview module is safe and effective in a short term follow-up. 
Previous studies have reported a similar efficacy (68%) of PVI by 
LSI-guided encirclement at 12 months 19-20, although follow-up in 
these studies was performed through outpatient visits and a single 
24-hour ECG monitoring every three months. Therefore, it should 
be hypothesized that a certain amount of asymptomatic AF episodes 
could have been missed. In fact, ICM proved far superior in the 
identification of AF over outpatient monitoring and 24-hour ECG 
Holter monitoring 21. The LINQ AF study has assessed the use of 
ICM in patients undergoing ablation for atrial fibrillation with PVI 
with encircling to evaluate recurrence characteristics and outcomes 
22. One-year freedom from AF episode was 48% with ≥2 min of AF 
detection duration with ICM. Increasing detection duration from 
≥2 to ≥6 min and ≥10 min led to a >50% decrease in total episode 
count, episodes without EGM, and episodes with false-positive AF 
detection. Moreover, Verma and colleagues demonstrated that 46% 

Figure 4: LSI value for left PVs

Figure 5: LSI value for right PVs
Figure 6: Kaplan-Meier of overall survival free from AF recurrences
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Study limitations
This study is not randomized and analyzed a small sample of patients 

without a control group, so the result can be modified by bias. This 
technique involves PVs isolation point to point with a distance <5 mm. 
In some patients it was more difficult to achieve the desired LSI due to 
poor catheter stability mainly due to changes in the patient’s respiratory 
cycle. This issue occurred mainly on the anterior segment of the LSPV 
(ridge): RF delivery was interrupted early and a further delivery was 
subsequently performed until the desired LSI was reached at that point. 
The average LSI for the isolation of that vein was therefore lower than 
the target LSI in some patients. 

Conclusions
PVI for the ablation of atrial fibrillation guided by Liveview 

module has proven to be safe and effective in terms of symptomatic or 
asymptomatic arrhythmic recurrence, and potentially able to reduce 
procedural and RF time. However, this is a pilot study on a small 
sample size. Further comparative studies on a larger cohort are needed 
to evaluate real impact of this method.
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Background
The coronavirus disease (COVID-19), caused by severe acute 

respiratory syndrome coronavirus-2 (SARS-CoV-2), has major 
implications for the cardiovascular (CV) system, and patients with 
previous CV disease are at higher risk of worse outcomes1.

Atrial fibrillation (AF) is the most common sustained arrhythmia 
worldwide and is also the most common arrhythmia among 
COVID-19 patients, being associated with substantial morbidity 
and mortality 1,2. Critically ill patients admitted to the intensive 
care unit (ICU) often develop new-onset AF, with an incidence of 
approximately 6-12% 3–7. Several studies found an association between 
new-onset AF and poor outcomes in critically ill non-COVID-19 
patients 3–7 and hospitalized non-critically ill COVID-19 patients 
8,9. However, the prognostic impact of new-onset AF in COVID-19 
patients admitted to the intensive care unit (ICU)is still unclear. 
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Abstract
Background: The association between new-onset atrial fibrillation (AF) and prognosis in critically ill non-COVID-19 patients has been 

studied, but few studies reflect the reality of critically ill COVID-19 patients admitted to the general intensive care unit (ICU). This study sought 
to investigate the relationship between new-onset AF in critically ill COVID-19 patients and cardiovascular outcomes. 

Methods: We retrospectively analyzed patients consecutively admitted to the ICU with COVID-19 between March, 2020, and January, 
2022, in a tertiary center. Two groups were identified, with new-onset AF and without new-onset AF. The primary outcome was in-hospital 
major adverse cardiovascular events (MACE). Logistic regression analyses were performed to evaluate the relationship between new-onset 
AF and the study outcomes.

Results: A total of 278 adult patients were included in the study and followed for the outcomes of interest for a median period of 7 months. 
The incidence of new-onset AF during hospitalization was 12.2%. Patients with new-onset AF presented more often with in-hospital MACE 
(67.6% vs. 29.1%, p <0.001), ICU mortality (58.5% vs. 25.8%, p<0.001), new-onset heart failure (38.2% vs. 2.5%, p<0.001), myocardial 
infarction (11.8% vs. 0.4%, p = 0.001), and global mortality (58.5% vs. 27.9%, p <0.001), compared to patients without new-onset AF. 
They also presented a longer ICU length of stay [median 18.5 (IQR 15) vs. 12 (IQR 10) days, p = 0.001], and longer duration of mechanical 
ventilation [median 17 (IQR 13) vs. 12 (IQR 11), p <0.001]. Re-hospitalization rates were similar among groups. In multivariate logistic 
regression, new-onset AF was identified as an independent predictor of in-hospital MACE [adjusted OR 3.319, 95% confidence interval (CI) 
1.389-7.928, p = 0.007], and ICU mortality (adjusted OR 2.653, 95% CI 1.146-6.142, p = 0.023).

Conclusions: New-onset AF is a common complication among critically ill COVID-19 patients. After adjusting for significant confounders, 
new-onset AF in critically ill COVID-19 patients was found to be associated with an increased risk of MACE, mortality, and worse clinical 
course, compared to patients who did not develop new-onset AF.
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Furthermore, management of new-onset AF in these patients has 
been largely unexplored and evidence-based recommendations are 
lacking.

In the present study, we sought to identify the association between 
new-onset AF and outcomes in critically ill COVID-19 patients 
admitted to the ICU. 

Methods
Study population 

This is a retrospective cohort study of consecutive adult patients 
who were admitted with confirmed COVID-19 to a general ICU 
in a single tertiary center (Coimbra Hospital University Centre, in 
Portugal), between March 1, 2020, and January 31, 2022.

Inclusion criteria were age ≥18 years old and diagnosis of 
COVID-19 confirmed by Polymerase Chain Reaction (PCR). 
Exclusion criteria were patients admitted for non-medical reasons, 
such a surgent or electivesurgery (n = 13), and patients who died 
in the first 48 hours after admission (n = 19) to allow time for the 
development of new-onset AF (Figure 1).

Two groups were established: the new-onset AF group, formed by 
consecutive patients who developed new-onset AF during the ICU 
stay; and the control group, formed by patients who remained in 
sinus rhythm or had previous known AF. New-onset AF was defined 
by the occurrence of AF at ECG (electrocardiogram) or telemetry 
during the ICU stay and not present at admission. The diagnosis of 
AF was established according to the European Society of Cardiology 
(ESC) guidelines 2.

When applicable, patient care strictly followed national and 
international AF management guidelines, and best clinical practices 
were independently applied. Follow-up was performed until April 1, 
2022, with no patients lost for follow-up.

This retrospective observational study was performed by following 
the STROBE reporting checklist.

Data collection
Baseline demographics, medical history, in-hospital clinical course, 

laboratory analysis in the first 48 hours, inpatient medications, in-
hospital outcomes, and follow-up outcomes were obtained. In the 
cases where patients presented more than one measurement of 
biomarkers in the first 48 hours after hospital admission, the highest 
value was considered. Data were obtained through electronic health 
record review of summaries or progress notes according to the doctor 
in charge of the patient. All available ECGs were independently 
reviewed by a cardiologist.

The study was approved by the local hospital ethics committee 
(OBS.SF.183-2021). Informed consent was waived by the Coimbra 
Hospital and University Center Ethics Committee.

Figure 1: Flowchart of the study population.

Legend: AF atrial fibrillation; COVID-19, coronavirus disease; ICU intensive care unit. Supplementary 
File 1 :

Univariate logistic regression for in-hospital MACE, other 
than new-onset AF

Variable OR (95% CI) P-value

Demographics

   Age (years) 1.073 (1.046-1.101) <0.001

   Male sex 1.355 (0.790-2.325) 0.269

Comorbidities

Hypertension 3.244 (1.814-5.800) <0.001

Hyperlipidemia 1.664 (0.993-2.786) 0.053

   Diabetes 1.508 (0.864-2.632) 0.148

   Smoking 1.496 (0.791-2.829) 0.215

Coronaryarterydisease 3.932 (1.406-10.994) 0.009

   PCI and/or CABG 4.262 (1.412-12.860) 0.010

Heartfailure 3.989 (1.689-9.418) 0.002

   Prior AF 1.092 (0.355-3.357) 0.887

Stroke 7.322 (1.490-35.980) 0.014

   CKD 3.351 (1.254-8.954) 0.016

   COPD 1.124 (0.321-3.940) 0.855

   OSA 0.879 (0.383-2.014) 0.760

Baseline scores

   SOFA 1.258 (1.141-1.388) <0.001

   APACHE II 1.124 (1.071-1.180) <0.001

   SAPS II 1.059 (1.033-1.085) <0.001

Biomarkers (first 48 hours)

   NT-proBNP in pg/mL 1.001 (1.000-1.002) 0.003

   Troponin in ng/L 1.008 (1.002-1.015) 0.013

   Elevated troponin1 7.180 (2.644-19.501) <0.001

   D-dimer in ng/mL 1.000 (1.000-1.000) 0.231

Values in boldface indicate a p-value ≤0.05. 1Elevated troponin value was defined as above the 99% 
percentile of normal values in the hospital.
Legend: AF, atrial fibrillation; APACHE, acute physiology and chronic health evaluation; CABG 
coronary artery bypass graft; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary 
disease; ECMO, extracorporeal membrane oxygenation; IQR, interquartile range; IMV invasive 
mechanical ventilation; NT-proBNP, N-terminal-pro brain natriuretic peptide; OSA, obstructive sleep 
apnea; PCI, percutaneous coronary intervention; SAPS, simplified acute physiology score; SOFA, 
sequential organ failure assessment.
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Study outcomes
The primary outcome was in-hospital major adverse cardiovascular 

events (MACE). MACE was defined as ICU all-cause mortality, 
new-onset heart failure (HF) [defined as acute HF in a patient 
without a medical history of HF, transthoracic echocardiography 
with left ventricle ejection fraction <50%, HF symptoms and 
elevated NT-pro BNP (N-terminal-pro brain natriuretic peptide)], 
myocardial infarction (MI), stroke (ischaemic or haemorrhagic), and 
major arrhythmia (defined as ventricular tachycardia and ventricular 
fibrillation).

Secondary outcomes were ICU all-cause mortality, new-onset HF, 
global mortality (including ICU and follow-up mortality among 
ICU survivors), re-hospitalization, ICU length of stay (LOS), and 
duration of invasive mechanical ventilation (IMV).

Statistical analysis
Categorical variables were presented as numbers(n) and 

percentages(%). Continuous variables were presented as means ± 
standard deviations (SD) or median (interquartile range) (IQR), if 
skewed. 

Participants were stratified based on the presence of new-onset AF. 
Between-group differences were evaluated by chi-square and Fisher’s 
exact tests for categorical variables, and Mann–Whitney U test for 
continuous variables.

The study’s main objective was to assess the effect of new-onset AF 
on in-hospital MACE using logistic regression. Univariate logistic 
regression analysis was performed to identify the baseline clinical 
characteristics that were significantly associated with an increased 
risk of MACE (Supplementary File 1). The variables selected for 
the final model had to be clinically significant and associated with 
an increased risk of MACE at univariate analysis (p-value ≤0.05). 
Parameters presenting more than 5% of missing data (troponin, NT-
pro BNP, D-dimer) were not included in the multivariate analysis. 

Figure 2: Main clinical outcomes stratified by new-onset AF. 
Numbers are a percentage (%).

Legend: AF, atrial fibrillation; HF, heart failure; ICU, intensive care unit; MACE, major adverse 
cardiovascular events.

Table 1: Baseline clinical characteristics, laboratory data, and in-hospital 
management of the study population stratified by new-onset AF.

Variable All patients 
(n=278)

New-onset 
AF (n=34, 

12.2%)

No new-onset 
AF (n=244, 

87.8%)

P-value

Demographics

   Age (years), median (IQR) 62.0 (17) 67.0 (15) 60.0 (17) 0.016

   Male sex 186 (66.9) 24 (70.6) 162 (66.4) 0.626

Comorbidities

Hypertension 176 (63.3) 25 (73.5) 151 (61.9) 0.187

Hyperlipidemia 161 (57.9) 18 (52.9) 143 (58.6) 0.531

   Diabetes 71 (25.4) 6 (17.6) 65 (26.6) 0.260

   Smoking 48 (17.3) 5 (14.7) 43 (17.7) 0.666

Coronaryarterydisease 17 (6.1) 4 (11.8) 13 (5.3) 0.139

   PCI and/or CABG 15 (5.4) 3 (8.8) 12 (4.9) 0.407

Heartfailure 25 (9.0) 6 (17.6) 19 (7.8) 0.100

   Prior AF 14 (5.0) 0 (0.0) 14 (5.7) 0.230

Stroke 9 (3.2) 2 (5.9) 7 (2.9) 0.303

   CKD 18 (6.5) 3 (8.8) 15 (6.1) 0.470

   COPD 11 (4.0) 0 (0.0) 11 (4.5) 0.370

   OSA 29 (10.5) 3 (9.1) 26 (10.7) 1.000

Scores at admission, median (IQR)

   SOFA 6 (5) 7.5 (4) 6 (5) 0.006

   APACHE II 14 (7) 17 (9) 14 (7) <0.001

   SAPS II 35 (14) 40.5 (18) 35 (14) 0.007

Biomarkers (first 48 hours)

   NT-proBNP (pg/mL), median (IQR) 225 (761) 332 (3521) 221.5 (421) 0.464

   Troponin (ng/L), median (IQR) 16 (39) 17 (415) 15 (28) 0.002

   Elevated troponin1 24 (20.9) 7 (41.2) 17 (17.3) 0.047

   D-dimer (ng/mL)), median (IQR) 540 (1801) 572 (2712) 533 (1830) 0.019

General treatment

   Any vasopressor/inotrope 215 (77.3) 25 (92.6) 184 (75.4) 0.040

   Norepinephrine 214 (77.0) 31 (91.2) 183 (75.0) 0.036

   Dopamine 13 (4.7) 1 (2.9) 12 (4.9) 1.000

   Dobutamine 6 (2.2) 5 (14.7) 1 (0.4) <0.001

   IMV 226 (81.3) 32 (94.1) 194 (79.5) 0.041

   Antibiotics 218 (78.4) 32 (94.1) 186 (76.2) 0.018

   Days of antibiotic, median (IQR) 9 (9) 13 (9) 8 (9) 0.011

   Dexamethasone 235 (84.5) 26 (76.5) 209 (85.7) 0.165

   Remdesivir 41 (14.7) 4 (11.8) 37 (15.2) 0.594

   ECMO 28 (10.1) 7 (20.6) 21 (8.6) 0.060

CHA2DS2VASc score, median (IQR) - 2 (3) - -

Treatment of new-onset AF

   Electric cardioversion - 5 (14.7) - -

   Beta-blockers - 13 (38.2) - -

   Calcium channel blockers - 3 (8.8) - -

   Amiodarone - 28 (82.4) - -

   Digoxin - 0 - -

   Anticoagulation - 20 (58.8) - -

Values are n (%) unless otherwise stated. Values in boldface indicate a p-value ≤0.05. 1Elevated 
troponin value was defined as above the 99% percentile of normal values in the hospital.
Legend: AF, atrial fibrillation; APACHE, acute physiology and chronic health evaluation; CABG 
coronary artery bypass graft; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary 
disease; ECMO, extracorporeal membrane oxygenation; IQR, interquartile range; IMV invasive 
mechanical ventilation; NT-proBNP, N-terminal-pro brain natriuretic peptide; OSA, obstructive sleep 
apnea; PCI, percutaneous coronary intervention; SAPS, simplified acute physiology score; SOFA, 
sequential organ failure assessment.
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higher NT-pro BNP levels [332 (IQR 3521) vs. 221.5 (421)pg/mL, 
p = 0.464). Additionally, a significantly higher proportion of the 
new-onset AF group presented an elevated tropon in at admission 
(41.2%), compared to only 17.3% of patients without new-onset AF 
(p = 0.047).

Regarding management, patients with new-onset AF required more 
often treatment with vasopressors and/or inotropes (92.6% vs. 75.4%, 
p = 0.040), IMV (94.1% vs. 79.5%, p = 0.041), and antibiotics (94.1% 
vs. 76.2%, p = 0.018). Despite not reaching statistical significance, 
a higher proportion of patients with new-onset AF required 
extracorporeal membrane oxygenation (ECMO) (20.6% vs. 8.6%, p 
= 0.060).Patients with new-onset AF had a median CHA2DS2VASc 
score of 2 (IQR 3). According to the CHA2DS2VASc score, stroke 
prevention was indicated in 85.3% of the patients with new-onset 
AF but only 58.8% of these eligible patients received anticoagulation 
during their ICU stay. All anticoagulated patients received enoxaparin. 
Although the group of patients with new-onset AF was small, 
anticoagulation therapy did not appear to be associated with better 
outcomes, such as MACE (OR 2.25, 95% CI 0.52-9.73), p = 0.278) 
or ICU mortality (OR 1.13, 95% CI 0.28-4.50, p = 0.868). Among 
new-onset AF patients alive at discharge, only 50.0% received oral 
anticoagulation.

Outcomes
Table 2 and Figure 2 show the unadjusted outcomes among groups. 

MACE occurred in 94 patients (33.8%). Eighty-three patients 
(29.9%) died in the ICU, 88 patients (31.7%) died in the hospital 
and/or during follow-up, and only 15 patients (5.4%) required re-

Multivariate logistic regression was performed to evaluate the 
association between new-onset AF and the outcomes of interest. The 
model was constructed to adjust for sex, age, hypertension, coronary 
artery disease, HF, stroke, and a prognostic score such as acute 
physiology and chronic health evaluation (APACHE) II score. The 
risk of developing the outcomes of interest is expressed as crude and 
adjusted odds ratio (OR) with a 95% confidence interval (CI). 

Survival analysis, embodied by the Kaplan–Meier method, was 
applied to represent time-dependent occurrences of both MACE 
and ICU mortality, stratified by the presence of new-onset AF with 
the log-rank test used for between-group appraisal. Patients who 
suffered in-hospital death (n=83) were censored at the time of the 
last contact and were not included in the follow-up comparisons.

A two-sided P-value of ≤0.05 was considered statistically 
significant. All calculations were performed using the SPSS statistical 
package version 25.0 (SPSS Inc., Chicago, IL, USA).

Results 

Baseline characteristics
A total of 278 patients were included in the study and followed 

for the outcomes of interest for a median period of 7 months. Two 
groups of patients were identified: without new-onset AF (n = 244), 
and with new-onset AF (n = 34). The incidence of new-onset AF 
during hospitalization was 12.2%.

Table 1 presents the baseline characteristics, laboratory analysis, 
and management of the two groups. Overall, the median age was 62.0 
years [interquartile range (IQR) 17] and only 92 (33.1%) patients 
were women. Patients with new-onset AF were older [67 (IQR 
15) vs. 60 (IQR 17) years, p = 0.016], with no differences regarding 
sex distribution. Comorbidities were common and similar between 
groups. Patients with new-onset AF presented higher prognostic 
score values at admission to the ICU. As for biomarkers in the first 
48 hours after hospital admission, patients with new-onset AF 
presented significantly higher high-sensitive tropon in I [17 (IQR 
415) vs. 15 (IQR 28) ng/L, p = 0.002) and D-dimer levels [572 (IQR 
2712) vs. 533 (IQR 421) ng/mL, p = 0.019), but only numerically 

Figure 3:

Kaplan Meier survival curves for MACE and ICU mortality 
stratified by new-onset AF. Survival estimates based on 
the days since hospital admission stratified by new-onset 
AF.

Legend: AF, atrial fibrillation; ICU, intensive care unit; MACE, major adverse cardiovascular events.

Table 2: Unadjusted clinical outcomes of the study population. 

Variable
All patients 
(n=278)

New-onset 
AF (n=34, 
12.2%)

No new-onset 
AF (n=244, 
87.8%)

P-value

MACE1 94 (33.8) 23 (67.6) 71 (29.1) <0.001

ICU mortality (all-cause) 83 (29.9) 20 (58.8) 63 (25.8) <0.001

New-onset HF 19 (6.8) 13 (38.2) 6 (2.5) <0.001

MI 5 (1.8) 4 (11.8) 1 (0.4) 0.001

Ventricular arrhythmias 5 (1.8) 2 (5.9) 3 (1.2) 0.115

PE 12 (4.9) 0 (0) 12 (4.9) 0.372

Myocarditis 3 (1.1) 2 (5.9) 1 (0.4) 0.040

Stroke 3 (1.1) 1 (2.9) 2 (0.8) 0.319

Global mortality2 88 (31.7) 20 (58.8) 68 (27.9) <0.001

Re-hospitalization 15 (5.4) 2 (5.9) 13 (5.3) 1.000

ICU LOS (days), median 
(IQR)

13 (12) 18.5 (15) 12 (10) 0.001

Hospital LOS (days) median 
(IQR)

20 (17) 25.5 (24) 20 (16) 0.060

Duration of IMV (days), 
median (IQR)

12.5 (12) 17 (13) 12 (11) <0.001

Values are n (%) unless otherwise indicated. Values in boldface indicate a p-value ≤0.05. 
1MACE include all-cause ICU mortality, new-onset heart failure, myocardial infarction, ventricular 
arrhythmias, pulmonary embolism, myocarditis, and stroke. 2Global mortality includes in-hospital 
and follow-up mortality rates. 
AF, atrial fibrillation; HF, heart failure; ICU, intensive care unit; IMV, invasive mechanical ventilation; 
IQR, interquartile range; LOS, length of stay; MACE, major adverse cardiovascular events; MI, 
myocardial infarction; PE, pulmonary embolism.
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95% CI 1.389-7.928, p=0.007). MACE occurred in 67.6% of the 
patients with new-onset AF vs. 29.1% of those without new-onset 
AF. Among new-onset AF patients, all-cause ICU mortality was the 
most common adverse event (58.8%), followed by new-onset HF 
(38.2%). Thus, new-onset AF in critically ill COVID-19 patients 
is not a trivial phenomenon and appears to be associated with an 
increased risk of MACE, ICU mortality, global mortality, and worse 
clinical course compared to the patients who remained in sinus 
rhythm or those with prior AF. Understating the incidence of new-
onset AF in critically ill COVID-19 patients and its association 
with outcomes is clinically important to better characterize the 
cardiovascular spectrum of COVID-19 and establish whether AF 
therapies should be explored in future trials to improve outcomes in 
this population.

The proportion of critically ill COVID-19 patients who developed 
new-onset AF was 12.2%. Previous studies on critically ill non-
COVID-19 have found a prevalence of 6-12%3–7, which is in line 
with our findings. In our analysis, the incidence of new-onset AF 
was associated with older age, established cardiovascular disease 
(especially history of HF), higher cardiac biomarkers (NT-proBNP 
and troponin), and sicker patients (presenting with higher prognostic 
scores at admission). In this regard, new-onset AF may be a marker 
of a more severe illness before its onset, particularly in patients with 
a higher cardiac disease burden. Pathophysiological mechanisms 
responsible for new-onset AF in the critically ill setting may 
include inflammation, atrial oxidative stress, high sympathetic tone, 
electrolyte changes, and volume overload, possibly interacting with a 
pre-existing substrate2,10.

Several studies have found an association between new-onset AF 
and poor outcomes in critically ill non-COVID-19 patients3–7, and 
in non-critically ill hospitalized COVID-19 patients8,9. Our data 
confirm the prognostic role of new-onset AF in the understudied 
population of critically ill COVID-19 patients: compared to patients 
without new-onset AF (which includes patients with prior AF), 
these patients presented higher in-hospital MACE, ICU mortality, 
new-onset HF, MI, myocarditis, and global mortality; patients with 
new-onset AF also had a longer duration of ICU hospitalization and 
required intubation for a longer period. Because new-onset AF was 
found to be associated with sicker patients, it is difficult to identify a 
causal role of AF in affecting patient prognosis. Whether new-onset 
AF is a marker of associated comorbidities, COVID-19 severity, a 
direct effect of AF, or a combination of these factors remains to be 
determined. 

Besides new-onset AF, in our cohort, older age, a history of 
established cardiovascular disease (coronary artery disease, prior 
PCI and/or CABG, HF, and stroke), higher cardiac biomarkers 
at admission, and need for vasopressors and inotropes, were all 
associated with poorer outcomes. Several studies have found that 
hospitalized COVID-19 with a history of cardiovascular disease are 
at increased risk of MACE and in-hospital death compared with 
those without a history of CVD11,12. In our cohort, prior history of 
AF was not associated with an increased risk of MACE (OR 1.092, 
95% CI 0.355-3.357, p = 0.887), but previous studies have found 
an association between prior AF in critically ill patients and poor 

hospitalization. The median LOS in the ICU was 13 days (IQR 12), 
the median length of hospital stay was 20 days (IQR 17), and the 
median length of IMV was 12.5 days (IQR 12).

COVID-19 patients with new-onset AF experienced a higher risk 
of the primary outcome, in-hospital MACE. Among the 34 patients 
with new-onset AF, 23 (67.6%) developed MACE, compared with 
71 (29.1%) patients without new-onset AF (OR 5.10, 95% CI 2.36-
11.00, p <0.001). In addition, considering separately, ICU mortality 
(58.8% vs. 25.8%, p <0.001),new-onset HF (38.2% vs. 2.5%, p 
<0.001), MI (11.8% vs. 0.4%, p = 0.001), and myocarditis (5.9% vs. 
0.4%, p = 0.040), were more often seen in patients who presented 
new-onset AF. Patients with new-onset AF also had a longer LOS 
in the ICU[18.5 (IQR 15) vs. 12 (IQR 10) days, p = 0.001] and a 
longer duration of IMV[17 (IQR 13) vs. 12 (IQR 11) days, p <0.001] 
compared to patients without new-onset AF. Re-hospitalization 
rates and mortality during follow-up were similar among groups. Of 
note, prior history of AF was not associated with an increased risk 
of MACE (OR 1.09, 95% CI 0.36-3.36, p = 0.887) (Supplementary 
File 1).

After adjusting for significant confounders, new-onset AF 
remained an independent predictor of MACE (adjusted OR 3.48, 
95% CI 1.49-8.14, p = 0.004) (Table 3), ICU mortality (adjusted OR 
2.65, 95% CI 1.15-6.14, p = 0.023), and new-onset HF (adjusted OR 
25.12, 95% CI 7.61-82.92, p <0.001) (Table 4).Older age (adjusted 
OR 1.05, 95% CI 1.02-1.08, p <0.001)and APACHE II score 
(adjusted OR 1.09, 95% CI 1.04-1.15, p = 0.001) also independently 
predicted MACE.Figure 3 shows the Kaplan-Meier curves and log-
rank tests for MACE and ICU mortality.

Discussion 
The present study shows that new-onset AF is a common event 

in critically ill COVID-19 patients admitted to the ICU (12.2% 
of patients) and was found to be associated with an increased risk 
of the primary outcome, in-hospital MACE (adjusted OR 3.319, 

Table 3:  Univariate and multivariable logistic regression model for in-
hospital MACE.

Variable
Univariable Multivariable*

Crude OR (95% CI) P-value Adjusted OR (95% CI) P-value

New-onset AF 5.10 (2.36-11.00) <0.001 3.48 (1.49-8.14) 0.004

Age 1.07 (1.05-1.10) <0.001 1.05 (1.02-1.08) <0.001

Male sex 1.36 (0.79-2.33) 0.269 1.278 (0.68-2.42) 0.451

Hypertension 3.24 (1.81-5.80) <0.001 1.82 (0.94-3.53) 0.077

Coronaryarterydisease 3.93 (1.41-10.99) 0.009 0.93 (0.23-3.69) 0.915

HF 3.99 (1.69-9.42) 0.002 2.20 (0.65-7.45) 0.207

Stroke 7.32 (1.49-35.98) 0.014 3.08 (0.56-17.02) 0.196

APACHE II 1.12 (1.07-1.18) <0.001 1.09 (1.04-1.15) 0.001

*Adjusted for sex, age, hypertension, coronary artery disease, heart failure, stroke, and APACHE 
II score. MACE includes all-cause ICU mortality, new-onset heart failure, myocardial infarction, 
ventricular arrhythmias, pulmonary embolism, myocarditis, and stroke.
Legend: AF, atrial fibrillation; APACHE, acute physiology and chronic health evaluation; CI, 
confidence interval; HF, heart failure; MACE, major adverse cardiovascular events; OR, odds ratio.
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Forth, outcome analysis may be objectionable due to the application 
of survival analysis in the setting of a retrospective study. Despite 
careful identification and selection of covariates associated with AF, 
there may be residual confounding factors that were not included in 
the multivariate analysis that may interfere with the study results. In 
addition, mortality that was specifically attributed to cardiovascular 
causes could not be evaluated. 
 
Conclusions

New-onset AF is a common complication among critically ill 
COVID- 19 patients. After adjusting for significant confounders, 
new-onset AF in critically ill COVID-19 patients was found to be 
associated with an increased risk of MACE, mortality, and worse 
clinical course, compared to the patients who did not develop new-
onset AF.

List of abbreviations
AF, atrial fibrillation 
APACHE, acute physiology and chronic health evaluation 
CABG, coronary artery bypass graft 
CKD, chronic kidney disease
COPD, chronic obstructive pulmonary disease
ECMO, extracorporeal membrane oxygenation
COVID-19, coronavirus disease
CI, confidence interval 
CV, cardiovascular 
ECG, electrocardiogram 
ESC, European Society of Cardiology
HF, heart failure
ICU, intensive care unit 
IMV, invasive mechanical ventilation 
IQR, interquartile range
LOS, length of stay 
MACE, major adverse cardiovascular events 
MI, myocardial infarction 
NT-proBNP, N-terminal-pro brain natriuretic peptide
OR, odds ratio 
OSA, obstructive sleep apnea
PCI, percutaneous coronary intervention
PCR, Polymerase Chain Reaction 
PE, pulmonary embolism
SAPS, simplified acute physiology score
SOFA, sequential organ failure assessment
SARS-CoV-2, severe acute respiratory syndrome coronavirus-2 
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Introduction
Atrial fibrillation (AF) is the most common supraventricular 

arrhythmia with approximately five million new cases worldwide.1 It 
is growing in prevalence among men and women in both industrialized 
and developing countries and has been shown to increase the risk of 
cardiovascular events, stroke, and death.2,3 Oral anticoagulation (OAC) 

has become a staple in AF management by preventing stroke and 
subsequent morbidity and mortality at the cost of increasing the risk 
of major bleeding. Current literature has identified several modifiable 
(alcohol abuse, uncontrolled hypertension, and concomitant treatment 
with antiplatelets or nonsteroidal anti-inflammatory drugs) and non-
modifiable (increasing age, heart failure, vascular disease, cognitive 
impairment, and frailty4) bleeding risk factors in patients with AF 
taking OAC.5 

In an effort to minimize mortality due to cardiovascular disease 
and stroke, the American Heart Association (AHA) defined ideal 
cardiovascular health based on seven risk factors (smoking status, 
physical activity, weight, diet, blood glucose, cholesterol, and blood 
pressure) termed Life’s Simple 7 (LS7).6 Based on these metrics, 
poorer cardiovascular health has been shown to be associated with 
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Abstract
Background: Stroke prevention with anticoagulation is a mainstay therapy in atrial fibrillation but is associated with increased bleeding. 

Identifying health determinants that contribute to this risk is essential to minimize these adverse events and evaluate the risk benefit of 
anticoagulation in an individual patient. This study examines the association between cardiovascular risk factors and major bleeding in older 
individuals with atrial fibrillation on oral anticoagulation.

Methods: In this multicenter prospective cohort study, we enrolled 1244 patients with atrial fibrillation, 1064 of whom were anticoagulated. 
Patient overall health was determined based on the American Heart Association’s (AHA) Life’s Simple 7 (LS7), or seven risk factors used 
to define cardiovascular health. Each risk factor was stratified into poor, intermediate, or ideal based on the AHA criteria and patients were 
separated into poor, intermediate, or ideal cohorts based on their aggregate score. Cox models were used to assess the relationship between 
cardiovascular risk factors and major bleeding.

Results: Among 1064 patients with atrial fibrillation on oral anticoagulation, major bleeding events were less frequent in the ideal group 
compared to the intermediate and poor groups (2.35% vs 5.35% vs 5.45%, P<0.05). Patients with poor smoking status (HR, 2.78; 95% CI, 
1.29 to 5.98) or physical activity (HR, 1.66; 95% CI, 1.07 to 2.59) were significantly more likely to have a major bleeding event than those in 
the intermediate and ideal categories.

Conclusions: In older adults with atrial fibrillation on oral anticoagulation, more optimal cardiovascular health is associated with a lower 
risk of major bleeding. Risk factor management should focus on smoking cessation and increasing physical activity.
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cardiovascular morbidity and mortality, cancer burden, and other non-
cardiovascular disease.7,8 However, the relationship between the LS7 
and major bleeding has not been explored in older individuals with AF 
on OAC. Moreover, three components of the LS7 are modifiable health 
behaviors and thus serve as fundamental areas for healthcare providers 
to address to improve the cardiovascular health of their patients.9 

Understanding the relationship between cardiovascular health 
and major bleeding is critical in an aging population with AF on oral 
anticoagulation as it can help guide clinical decision-making and 
intervention. This study systematically examines the association between 
AHA-derived LS7 and major bleeding in an older anticoagulated 
AF cohort. These findings may help counsel AF patients regarding 
modifiable bleeding risk factors.

Methods
Study Population

Our patient population is from the SAGE-AF cohort.10 The 
SAGE-AF cohort enrolled a total of 1244 patients between 2016 
and 2018, 1064 of whom were anticoagulated, from five practice 
sites in Massachusetts and two in central Georgia. Eligibility criteria 
included age of 65 years or older, non-valvular AF (if the arrhythmia 
was present on an electrocardiogram or Holter monitor or if it was 
noted in any clinic note or hospital record), current OAC treatment, 
a CHA2DS2-VASc score (congestive heart failure, hypertension, age 
≥ 75 years, diabetes mellitus, prior TIA/stroke or systemic embolism, 
vascular disease, age 65-74 years, female sex) of 2 or higher, and no 
contraindications to the OAC. Participants were excluded if they had 
an indication for OAC other than non-valvular AF (i.e. mechanical 
heart valve, deep venous thrombosis, or pulmonary embolism), a 
medical record diagnosis of dementia, did not speak English, had a 
planned invasive high bleeding risk procedure, were in prison, or if they 
were unwilling or unable to participate in planned 1- and 2-year follow-
up visits. If our trained staff was concerned about a patient’s ability 
to provide informed consent, a standardized Capacity for Informed 
Consent Instrument that combines capacity assessment questions 
with interviewer observation was used to determine ability to provide 
consent.11

Data Collection
The study is a prospective cohort study. For each SAFE-AF patient, a 

medical history and a physical examination were obtained on the date of 
study enrollment. All participants underwent a 60-minute interviewer-
administered computer-assisted interview with standardized measures 
including assessments of mood, frailty, cognition, social support, and 
other key patient-reported measures. Baseline data are from 2016 to 
2018.10 All study protocols were approved by the UMass Chan Medical 
School, Boston University, and Mercer University institutional review 
boards.

Prescriptions of OACs were extracted from the electronic medical 
record and confirmed by patients during in-person interviews. Other 
information such as demographic, clinical, therapeutic, and laboratory 
characteristics of SAGE-AF participants were acquired from the health 
record by study staff following extensive training with routine quality 
control checks. Data derived from the medical record included age, sex, 
race, insurance, comorbidities relevant to stroke (i.e. smoking status, 
hypertension, diabetes, and hyperlipidemia), bleeding history, and 
cardiovascular treatments (i.e. anticoagulation, ablation, cardioversion, 
and prior implantable cardiac device). Education level and income 
were self-reported. Information regarding pertinent laboratory tests 
including serum levels of creatinine, hemoglobin, and platelets were 
obtained from the medical record. Risk scores (CHA2DS2-VASc 
and HAS-BLED) were calculated based on clinical data in the health 
record.10 

Life’s Simple 7
The LS7 components were determined according to AHA guidelines 

with minor modifications to reflect data available in SAGE-AF. Each 
LS7 measure was categorized as poor, intermediate, or ideal conforming 
to AHA definitions as seen in Table 1. An aggregate LS7 score was 
calculated for each participant by summing all seven components. 
Each metric was graded on a 3-point scale: 0 points (poor), 1 point 
(intermediate), and 2 points (ideal). Smoking status, diet (Starting 

Figure 1: Distribution of individual components of LS7

Table 1: Association between overall cardiovascular health (LS7 score by 
category) and primary outcome.

Hazard ratio (95% CI)

# pts # major 
bleeding 
events

# person-
years 
observation

Crude 
rate 
(CI, 
events 
per 
100 
person-
years)

Unadjusted Model 1 Model 
2

LS7 score

Poor 242 25 458.18 5.46 
(3.69-
8.08)

2.29 (1.13-
4.65)

1.85 
(0.88-
3.88)

1.67 
(0.79-
3.54)

Intermediate 581 59 1103.63 5.35 
(4.14-
6.90)

2.17 (1.14-
4.14)

2.01 
(1.05-
3.87)

1.90 
(0.99-
3.67)

Ideal 241 11 468.53 2.35 
(1.30-
4.24)

Model 1 - adjusted for age, sex, race, and education level; model 2 - adjusted for bleeding history, 
heart failure, coronary artery disease, peripheral vascular disease, anemia, renal disease, chronic 
obstructive lung disease, and prior implantable cardiac device (not adjusted for hypertension or 
diabetes mellitus as these are LS7 criteria).
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the Conversation Questionnaire12), and physical activity (Minnesota 
Leisure Time Physical Activity Questionnaire13) were assessed at the 
baseline visit. Body mass index (BMI), blood pressure, blood glucose, 
and cholesterol were extracted from the medical record using the 
value most proximal to the baseline visit. Diet was scored based on 
available data in SAGE-AF. This was measured using the Starting 
the Conversation Questionnaire, which included intake of fruits, 
vegetables, and sugar-sweetened beverages and omitted fiber, fish, and 
sodium (Supplement C). For study participants whose laboratory data 
was unavailable, cholesterol and blood glucose were estimated using 
a combination of medical history and medication (Supplement D).9 

Clinical Outcomes
The primary outcome was major bleeding. The secondary outcomes 

were death, clinically relevant non-major bleeding (CRNMB), stroke, 
and composite of death, major bleeding, and stroke. We defined major 
bleeding as: (1) fatal bleeding, (2) symptomatic bleeding in a critical 
area or organ (i.e. intracranial, intraspinal, intraocular, retroperitoneal, 
intraarticular or pericardial, or intramuscular with compartment 
syndrome), or (3) bleeding causing a fall in hemoglobin of 2 g/dL or 
more, or leading to transfusion of two or more units of whole blood 
or red cells.14 For CRNMB, we used the same criteria employed in 
prior AF studies: any sign or symptom of hemorrhage (including 
bleeding detected by imaging alone) that does not fit the criteria for 
the International Society on Thrombosis and Hemostasis (ISTH) 
definition of major bleeding, but does meet at least one of the following 
criteria: (a) requiring medical intervention by a healthcare professional, 
(b) leading to hospitalization or increased level of care, or (c) prompting 
an in-person evaluation.14 Data were collected via in-person interviews 
(at baseline and at 6, 12, 18, and 24 months) and medical records were 
extracted from all clinic visits, hospitalizations, procedures, surgeries, 
and emergency department (ED) visits. 

Statistical Analysis
Study participants in SAGE-AF were categorized into one of three 

groups – poor (0 points), intermediate (1 point), or ideal (2 points) – 
for each of the AHA-derived LS7 metrics (smoking status, physical 
activity, weight, diet, blood glucose, cholesterol, and blood pressure). 
Total LS7 scores, representing overall cardiovascular health, were 
similarly divided into three categories: poor (0-6 points), intermediate 
(7-9 points), and ideal (10-14 points). 

Table 2:
Hazard ratio of poor and intermediate category of individual LS7 
components compared to the ideal category for major bleeding 
(primary outcome).

Unadjusted hazard ratio (95% CI)

Major bleeding

Poor Intermediate

LS7 component

Smoking status 2.78 (1.29-5.98) 1.31 (0.78-2.18) 

Physical activity 1.66 (1.07-2.59) 1.09 (0.59-2.01) 

BMI 0.84 (0.49-1.45) 1.05 (0.61-1.82) 

Diet 1.38 (0.71-2.67) 1.37 (0.82-2.28) 

Blood glucose 1.04 (0.62-1.74) 1.01 (0.63-1.62) 

Cholesterol 1.27 (0.44-3.65) 1.83 (0.97-3.43) 

Blood pressure 0.78 (0.30-1.98) 0.96 (0.42-2.20)

We used Cox models to estimate hazard ratios and 95% confidence 
intervals for individual and combined LS7 components. Model 1 was 
adjusted for age, sex, race, and education level; model 2 was adjusted 
for bleeding history, heart failure, coronary artery disease, peripheral 
vascular disease, anemia, renal disease, chronic obstructive lung disease, 
and prior implantable cardiac device. Variables were chosen based on 
their biological plausibility combined with statistical association as in 
Table 1.9 Kaplan-Meier curve for major bleeding was generated using 
LS7 criteria.

Results
Our analysis includes 1064 patients enrolled in SAGE-AF and on 

OAC. The average age was 75.5 ± 7.1 years old, 51% were male, and 
85% were white (Supplement A). The cohort with ideal cumulative 
LS7 scores was younger, more likely to be female, non-Hispanic white, 
college-educated, and from Massachusetts than the intermediate and 
poor cohorts (P<0.01). The ideal group was less likely to have former 
smoking use, hypertension, diabetes, hyperlipidemia, kidney disease 
or heart failure (P<0.01). There was no difference in frequency of prior 
bleeds (major, intracranial, or gastrointestinal), aspirin use, or type of 
OAC (warfarin vs direct-acting oral anticoagulant) among the three 
groups. While the poor group was more likely to be on both dual 
antiplatelet therapy and OAC than the intermediate and ideal groups, 
the magnitude of the difference was small (3% vs 1% vs <1%, P<0.01). 
The distribution of the individual LS7 components amongst the three 
groups varied significantly (Figure 1). Smoking (80%), cholesterol 
(74%) and BMI (45%) had the highest percentages belonging to the 
ideal, intermediate, and poor group respectively. 

There was a total of 95 major bleeding events, 8.93% of patients who 
had a major bleed, and a crude rate of 4.68 major bleeding events per 
100 person-years. There was a statistically significant difference in the 
risk of major bleeding between the three groups (Table 1). Both the 
poor (HR, 2.29; 95% CI, 1.13 to 4.65) and intermediate groups (HR, 
2.17; 95% CI, 1.14 to 4.64) were at higher risk for a major bleeding 
event when compared to the ideal group in the unadjusted model. 
However, there was no significant difference between the groups and 
risk of any of our secondary outcomes including death, CRNMB, 
stroke, or the composite outcome (97/1064 patients died during the 
2-year “study period).”

Of the seven individual components of the LS7 group, only smoking 
status and physical activity had statistically significant associations 
with risk of major bleeding, our primary outcome (Table 2). Patients 
in the poor smoking category (33/1064, 3.10%) had a higher risk of 
major bleeding compared to the ideal category (851/1064, 79.98%) 
(HR, 2.78; 95% CI, 1.29 to 5.98). Similarly, patients with poor physical 
activity (334/1064, 31.39%) had a higher risk of major bleeding than 
the ideal category (559/1064, 52.54%) (HR, 1.66; 95% CI, 1.07 to 
2.59). There was no difference in the intermediate smoking category 
(180/1064, 16.92%) or physical activity (171/1064, 16.07%) compared 
to the ideal.

When examining the effect of the individual components of the 
LS7 group on our secondary outcomes, only diet had a statistically 
significant association (Supplement B). Specifically, study participants 
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thromboembolism found that a high physical activity level was 
significantly associated with a lower risk of major bleeding.21 Our 
study adds to the literature in that our population was on OAC for 
a different indication (AF). There are a few mechanisms to explain 
how physical activity decreases bleeding risk: (1) low levels of fitness 
are associated with increased falls, (2) physical activity may have a 
stabilizing effect on the response to vitamin K antagonists, and (3) low 
levels of physical activity could reflect patients’ comorbid burden (an 
independent predictor of serious bleeding).22-26 Our results suggest that 
frail and physically inactive patients could benefit from more intensive 
surveillance, anticoagulation monitoring, and even exercise programs.21 
Interestingly, this difference did not extend to CRNMB. Individuals 
with higher physical activity levels may experience fewer severe falls, 
which may decrease rate of major bleeds, but not affect the rate of 
CRNMB.21 This explanation may also extend to why our study found 
that the overall LS7 score was associated only with increased risk of 
major bleeds and not CRNMB. The association between the LS7 score 
may be driven significantly by its component of physical activity, which 
has not been shown to affect CRNMB.21 However, this hypothesis is 
speculative and requires further research to be validated. 

Upon analyzing the different components, and their associations with 
bleeding, we also found that some of the component’s distributions 
were more uneven than others. Smoking and physical activity, the 
two components that had significant associations with bleeding rate, 
also had the two highest rates of ideal distribution at 80% and 53% 
respectively. However, this is similar to other LS7 studies, including 
Ogunmoroti et al, which looked at 6506 participants and found that 
smoking (85.9%) and physical activity (59.8%) had the two highest 
rates of ideal status as well8. While uneven distributions can skew 
results, other components with similar or more uneven distributions 
(blood pressure and cholesterol had single cohorts representing 
greater than 70% of the distribution) were not found to be statistically 
significant. While we found significant bleeding associations with 
both smoking and physical activity, we cannot exclude the possibility 
of an interaction between these two components. Some studies have 
suggested that smokers have lower levels of physical activity, which may 
justify why they were both significant.27-29 

We also found that the overall LS7 score did not correlate with 
the risk of death even though individual factors - including physical 
activity, BMI, smoking status, and blood glucose - did. This is in line 
with how these factors are associated with increased risk of death 
in the general population.17,20,30-33 While hypertension, diet, and 
cholesterol significantly correlate with risk of death in the general 
population, they do not appear to be as important in SAGE-AF.34-42 
Interestingly though, the overall LS7 scores do not have the same 
statistical significance and this suggests that the composite LS7 score 
may not fully capture a patient’s risk for death. One of the flaws with 
the LS7 criteria is that all seven risk factors have equal influence on 
outcomes when this is likely not true. Indeed, our study found that 
BMI, smoking status, and physical activity contributed to risk of 
death, while cholesterol, blood pressure, and diet did not. Han et al. 
discovered that revised LS7 metrics with modified criteria for weight, 
blood pressure, and diet provided more information about factors 
associated with cancer mortality than the original AHA LS7 metrics 
and we would expect this to extend to our study as well.7 

in the poor and intermediate diet groups had a higher risk of death and 
composite of death, major bleeding, CRNMB, and stroke compared to 
the ideal group. The components of cholesterol and blood pressure did 
not have statistically significant differences in cardiovascular outcomes 
among groups.

Discussion
In this prospective multicenter cohort study, we characterized 

cardiovascular health using the AHA’s LS7 and examined its association 
with cardiovascular outcomes in a population with AF on OAC. We 
found that patients with poor and intermediate cardiovascular health 
were at higher risk of major bleeding compared to those with ideal 
cardiovascular health. A potential confounding factor for this finding 
is that the poor and intermediate cohorts had higher rates of triple 
therapy use than the ideal cohort. While this could have potentially 
affected the results, we believe the contribution to be small, if any. 
First, the overall rates of triple therapy were extremely small (<3% 
for the poor cohort), and so while the difference may be statistically 
significant, it represents a small proportion of our population. Second, 
while the difference in triple therapy use between the three cohorts was 
significant, the difference in triple therapy use between the intermediate 
and ideal cohort was not significant (p=0.21). Yet, there was still a 
significant difference in bleeding rates between the intermediate and 
ideal cohorts, suggesting that the difference in bleeding rates is not 
entirely attributable to differences in triple therapy use. 

Additionally, we found that two important risk factors for major 
bleeding were smoking status and physical activity. Although we 
have tools to assess an individual’s bleeding risk (i.e. HAS-BLED, 
HEMORRHAGES, ATRIA) in an AF population, these calculators 
rely on non-modifiable risk factors (i.e. age, renal disease, liver disease). 
Our findings are important because both smoking status and physical 
activity are modifiable health behaviors that individuals can modify to 
reduce their risk of bleeding.  

While smoking has been associated with increased risk of thrombosis, 
its association with major bleeding is much less explored and likely 
why it has not yet been included in most bleeding risk calculators. 
There have been multiple mechanisms proposed in the literature to 
explain a potential link. Although endothelial dysfunction is one 
of the components of Virchow’s triad and thrombosis, many of the 
mechanisms proposed center on this idea as well. Both nicotine and the 
abundance of other toxins found in cigarettes are capable of damaging 
the arterial wall and causing endothelial dysfunction that may lead to 
fragile vessels that are more prone to rupture and bleeding.15-17 Smoking 
has also been shown to impair nitric oxide release in the endothelium, 
which can lead to less flexibility in the vessel wall and ultimate lead to 
endothelial wall damage.17,18 While there are a few studies that have 
demonstrated an association between smoking and major bleeding, 
none of them have exclusively examined a population on OAC, a group 
which is at substantially higher risk of major bleeding.15,19,20 

Additionally, we could only find one study that examined the 
association between physical activity or exercise and risk of major 
bleeding. A prospective multicenter cohort study of 988 patients 
aged greater than 65 years on oral anticoagulation for venous 
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Introduction
Pulmonary vein antral isolation (PVAI) is an effective strategy for 

catheter ablation of paroxysmal AF (PAF). 1–5 The cornerstone to 
short- and long-term PVAI is the creation of durable, transmural 
lesions. 5–8 Some key factors that influence the creation of effective RF 
lesions include catheter stability, which can be affected by cardiac and 
respiratory motion, contact force (CF), power, RF duration, thickness 
of cardiac tissue, lesion contiguity, and proximity of the esophagus to 
the posterior LA. 9 Catheter stability can be significantly affected by 
irregular and slower respiratory and cardiac cycles. 8–10 Strategies to 
improve catheter stability include decreasing cardiac and respiratory 
variation with high-frequency jet ventilation (HFJV) and rapid pacing.  
HFJV reduces lung movement to a near static condition, 10 while rapid 
atrial or ventricular pacing regularizes and minimizes cardiac motion.  
Procedural outcomes of high-power, short duration (HPSD) RF 

ablation in combination with HFJV and rapid pacing have not been 
reported.  We compared the outcomes of stability-optimized, HPSD to 
those of conventional-power, conventional-duration (CPCD) without 
stability intervention for RFA of NPAF.

Methods
Procedural outcomes of 222 patients with NPAF undergoing 

first-time RFA using a contact-force sensing (CFS) RFA catheter 
(SmartTouch; Biosense Webster Inc., Diamond Bar, CA, USA) at 
NYU Langone Medical center were analyzed.  Group 1 consisted 
of 111 consecutive patients who underwent RFA between October 
2015 and August 2016 with RF power set to 30-35W, conventional 
mechanical ventilation, and native rhythm.  Group 2 consisted of 111 
consecutive patients who underwent RFA between March 2018 and 
August 2018 using HPSD, HFJV (Monsoon 2 Universal Jet Ventilator; 
Acutronic Medical Systems, Hirzel, Switzerland), and rapid atrial or 
ventricular pacing.  Arrhythmia recurrence was assessed using 2-week 
event monitors at 3-month intervals following index ablation as well 
as any repeat ablation.

Index and repeat ablations were performed by the same five high-
volume (>150 AF ablations per year) operators in each cohort.  NPAF 
was defined as AF lasting more than seven days or a duration of 
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Abstract
Procedural outcomes of high-power, short duration (HPSD) radiofrequency ablation (RFA) in combination with high-frequency jet ventilation 

(HFJV) and rapid pacing have not been reported.  We sought to compare outcomes of patients undergoing RFA of non-paroxysmal atrial 
fibrillation (NPAF) by pulmonary vein isolation (PVI) and left atrial (LA) posterior wall isolation (PWI) utilizing HPSD and optimized catheter 
stability with HFJV and rapid pacing to those of conventional power, conventional duration (CPCD), standard mechanical ventilation, and 
intrinsic rhythm.  Procedural outcomes of patients with NPAF undergoing first-time RFA at NYU Langone Medical center were analyzed.  Group 
1 consisted of 111 consecutive patients who underwent RFA between October 2015 and August 2016 with a contact-force sensing (CFS) RFA 
catheter with power set to 30-35 W, conventional mechanical ventilation, and native rhythm.  Group 2 consisted of 111 consecutive patients 
who underwent RFA between March 2018 and August 2018 using HPSD, HFJV, and rapid pacing.  Arrhythmia recurrence was assessed using 
2-week event monitors at 3-month intervals following index ablation as well as any repeat ablation.  Baseline characteristics of the two 
groups were similar.  Relative to Group 1, Group 2 had a shorter procedure duration (190 vs 162 min, p<0.001), shorter fluoroscopy time 
(17 vs 12 min, p=0.014), and shorter radiofrequency ablation time (81 vs 55 min, p<0.001) with a similar incidence of major complications 
(0 vs 0%, p=1).  The rate of arrhythmia recurrence (atrial fibrillation or atrial tachycardia) was similar between the two groups (31% vs 32%, 
p=0.8).  Compared to conventional techniques, stability-optimized HPSD RFA of NPAF is similarly safe and effective with shorter procedure 
duration, less radiation exposure, and less radiofrequency ablation time.
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greater than 48 hours requiring cardioversion. 11 The incidence of atrial 
arrhythmia recurrence of >30 seconds in duration was evaluated in each 
cohort and stratified by AF or atrial tachycardia (AT) as well as by 
persistence of the arrhythmia.  Amiodarone was discontinued at least 
one month prior to ablation and any antiarrhythmics started after the 
ablation were discontinued within 4 to 8 weeks after the procedure.  
After the index ablation, patients were scheduled for follow up in-
office visits at 3, 6, 9, and 12 months, and every 6 months thereafter.  
At each visit, study assessments included a detailed medical history, 
physical exam, and 12-lead ECG. A 2-week mobile cardiac outpatient 
telemetry (MCOT) monitor was performed prior to each scheduled 
in-office visit in patients without implanted arrhythmia monitoring.  
Arrhythmia recurrence was defined as either (1) a sustained atrial 
arrhythmia within the 90-day blanking period that required a repeat 
ablation or (2) an atrial arrhythmia that occurred after the 90-day 
blanking period and was captured on a resting 12-lead ECG or lasted 
longer than 30 seconds on an ambulatory monitor.  Persistence of AF 
or AT after index ablation was defined by the need for direct current 
cardioversion after the blanking period or sustained AF or AT at 
the time of repeat ablation.  Patient follow-up was censored for the 
purposes of survival analyses at time of last follow up if less than 3 years 
after their first procedure.

Electrophysiology Study and Ablation
Data collection and analysis were performed according to protocols 

approved by the NYU Langone Health Institutional Review Board.  
Surface and intracardiac electrograms (ECGs) were digitally recorded 
and stored (EP-Workmate; Abbott Medical, Inc., Chicago, IL, USA).  
Non-fluoroscopic 3-dimensional mapping was performed using the 
Carto 3 (Biosense Webster Inc., Diamond Bar, CA, USA) mapping 
system.

 
All procedures were performed under general anesthesia with either 

standard mechanical ventilation using weight-based tidal volumes or 
HFJV.  For HFJV, an adaptor elbow (Vital Signs 4600L) was connected 
to the Monsoon pressure hose.  Initial HFJV settings were a driving 

pressure of 15 psi, respiratory rate of 120 breaths/min, FiO2 of 40%, 
inspiratory time (IT) 40%, peak inspiratory pressure (PIP) 28 cmH20.  
Settings were adjusted in 2 mmHg increments to maintain venous 
pCO2 values between 40 to 50 mmHg based on venous blood gas 
results obtained every 15 to 30 minutes.  A 7-French 20-pole catheter 
(Daig DuoDeca 2-10-2; Abbott Medical, Inc., Chicago, IL, USA) 
was used with the distal poles placed within the coronary sinus and the 
proximal electrodes located along the tricuspid annulus in the lateral 
and inferior right atrium.  For left atrial mapping and recording, a 10- or 
20-pole circumferential PV mapping catheter (Lasso, Biosense Webster 
Inc., Diamond Bar, CA, USA), or a five-spline mapping catheter 
(PentaRay Nav; Biosense Webster Inc., Diamond Bar, CA, USA) was 
utilized.  Left atrial three-dimensional anatomy and voltage mapping 
was created with manipulation of the multi-electrode mapping catheter.

Ablation was performed in each group with an open-irrigated, 3.5-
mm RFA catheter (ThermoCool SmartTouch; Biosense Webster 
Inc., Diamond Bar, CA, USA) during either native rhythm or while 
rapidly pacing the right atrium or right ventricle.  Pacing cycle lengths 
ranged from 500 to 600 msec with ventricular pacing used in patients 
that remained in AF or AT during the procedure and atrial pacing 
for all other patients.  Ablation lesions were generated in a power-
controlled mode applying either 30 to 35 W for 20 to 40 seconds 
(CPCD group) or 50 W for 5 to 15 seconds (HPSD group) per lesion 

Figure 1:

Central Illustration: Single Procedure Freedom from Atrial 
Fibrillation or Atrial Tachycardia
Kaplan–Meier estimates of three-year freedom from 
documented atrial fibrillation or atrial tachycardia more than 
30 seconds after a single procedure.  There were no significant 
differences between groups (p=0.9). 

Table 1: Characteristics of the Patients at Baseline: CPCD vs Stability-
Optimized HPSD

Characteristic CPCD (N=111) HPSD (N=111) p-value

Mean Age – years + SD 65.4 + 10.1 68.2 + 10.7 0.05

Male sex – no. (%) 86 (77) 78 (70) 0.2

Ejection fraction – % + SD 55.2 + 13.1 55.6 + 11.9 0.8

Left atrial diameter – no. + SD 4.4 + 0.6 4.4 + 0.7 0.6

Mean BSA (m2) – no. + SD 2.1 + 0.2 2.0 + 0.3 0.08

Mean NPAF Duration – days + SD 376 + 592 299 + 377 0.3

Medical history – no. (%)

     Hypertension 73 (66) 72 (65) 1

     Diabetes 17 (15) 18 (16) 0.8

     Coronary disease 30 (27) 25 (23) 0.5

     Stroke or transient ischemic attack 5 (5) 9 (8) 0.3

     Heart failure 26 (23) 22 (20) 0.5

Baseline Medications – no. (%)

Beta-blocker 90 (81) 88 (79) 0.7

     Calcium-channel blocker 35 (32) 11 (10) < 0.001

     Digoxin 14 (13) 6 (5) 0.06

     Propafenone 6 (5) 1 (1) 0.06

     Flecainide 5 (5) 1 (1) 0.1

     Sotalol 10 (9) 3 (3) 0.05

     Amiodarone 10 (9) 13 (12) 0.5

     Dofetilide 0 (0) 0 (0) 1

     Dronedarone 20 (18) 5 (5) 0.001

CHA2DS2-VASc - no. (%) 0.9

     0 13 (13) 14 (13)

     1 22 (20) 23 (21)

     2 19 (17) 20 (18)

     > 2 57 (51) 54 (49)
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during irrigation at a rate of 17 to 30-mL/min while maintaining a 
goal activated clotting time of > 350 seconds.  The duration of ablation 
was based on anatomic location with shorter energy delivery on the 
posterior wall and longer energy delivery anteriorly and along the roof.  
All electroanatomic map lesion markers were created using automated 
lesion annotation (VisiTag, Biosense Webster Inc., Diamond Bar, CA, 
USA) with settings at the discretion of each operator.

PVAI was performed as the initial step with wide area circumferential 
lesions created approximately 1 cm proximal to the ostium of each of 
the right and left pulmonary veins.  If the patient remained in sinus 
rhythm or when AF terminated during this step, entrance and exit 
block was assessed with the ablation catheter during sinus rhythm 
and confirmed with a multielectrode mapping catheter at the end of 
the procedure as described below.  The next step was isolation of the 
LA posterior wall by creating a line between the isolated left and right 
pulmonary veins at approximately the 12 o’clock (superior) position as 
well as a line along the posterior-inferior aspect of the posterior LA.  
If the patient remained in atrial fibrillation, electrical cardioversion 
was performed to restore sinus rhythm and assess for entrance and 
exit block.  

If the patient converted to an atrial tachycardia in either group, the 
arrhythmia was mapped and targeted with ablation.  Ablation of the 
CTI was performed at the discretion of the operator in both groups. A 
waiting period of 30 minutes, followed by administration of adenosine, 
was utilized to confirm entrance and exit block. If prior ablation sites 
were still excitable with bipolar pacing output of 10 mA at 2 msec after 
PVAI or LA PWI, additional ablation lesions were delivered until loss 
of pace capture was achieved at that location. 12, 13 All sites of adenosine 
elicited dormant PV or LA posterior wall conduction were also ablated.

The major complications included in analysis were pericardial 
effusion/tamponade, transient ischemic attack or stroke, AV fistula, 
retroperitoneal bleeding, phrenic nerve injury, and vascular access-
related hematoma.  

Table 2: Procedural Data: CPCD vs Stability-Optimized HPSD

Characteristic CPCD (N=111) HPSD (N=111) p-value

Procedure duration – min. + SD 190 + 46 162 + 38 <0.001

Fluoroscopy time – min. + SD 17 + 18 12 + 9 0.01

Fluoroscopy dose – mGy + SD 390 + 413 156 + 209 <0.001

Radiofrequency time – min + SD 81 + 22 55 + 16 <0.001

Additional RA Lesions – no. (%) 16 (15) 12 (11) 0.4

AF terminated with ablation – no. (%) 22 (20) 32 (29) 0.07

AF/AT terminated with DCCV – no. (%) 87 (78) 79 (72) 0.3

Complications – no. (%) 0 0 1

   Hematoma 0 0

   AV Fistula/Pseudoaneurysm 0 0

   Tamponade 0 0

   TIA/Stroke 0 0

   Other 0 0

Statistical Analysis
The statistical analysis was performed using Stata version 14.0 

(StataCorp LLC; College Station, TX, USA).  Descriptive statistics 
were used to summarize demographic characteristics. Continuous 
variables were assessed for normality with the Kolmogorov-Smirnov 
test.  All normally distributed data were analyzed using an unpaired 
Student t test. A 2-tailed P value < 0.05 was considered statistically 
significant.  Data found to be non-normally distributed were analyzed 
using Mann–Whitney U test. Comparisons of proportions between 
different groups of patients were carried out using a Chi square and 
Fisher’s exact test. Kaplan-Meier curves were utilized to compare 
time to primary outcomes (arrhythmia recurrence) between groups.  
Uni- and multivariable logistic regression models were used to assess 
relationships between variables of interest and arrhythmia recurrence. 

Results
Baseline characteristics of the two treatment groups are shown 

in Table 1.  Compared to Group 2, patients in Group 1 were more 
commonly on calcium channel blockers (32% vs 10%; p<0.001) and 
dronedarone (18% vs 5%; p=0.001) prior to their index ablation.  Data 
from the index ablation is shown in Table 2.  Group 2 had a significant 
reduction in procedure duration (190 vs 162 min; p<0.001), fluoroscopy 
time (17 vs 12; p=0.01), fluoroscopy dose (390 vs 156 mGy; p<0.001), 
and RF time (81 vs 55 min; p<0.001). 

Index Procedure Outcomes
AF was terminated with ablation at a similar rate between both 

groups (20% vs 29%; p=0.07).  There was similar recurrence of any 
atrial arrhythmia after index ablation for both the CPCD and stability-
optimized HPSD groups at 12 months (23% vs 21%, p=0.7), 24 months 
(29% vs 28%, p=0.9), and 36 months (31% vs 32%, p=0.8) (Central 
Illustration).  When separately analyzing for recurrence of either AF or 
AT alone there was no statistically significant difference in arrhythmia 
recurrence between groups.  The recurrence of AF alone between both 
groups was comparable at 12 months (14% vs 14%, p=1), 24 months 
(19% vs 17%, p=0.7), and 36 months (20% vs 21%, p=0.9), likewise the 
incidence of AT was comparable between both groups at 12 months 
(14% vs 8%, p=0.2), 24 months (15% vs 12%, p=0.4), and 36 months 
(16% vs 13%, p=0.4).  

After recurrence of AF or AT, shared decision making between the 
physician and patient was utilized to determine the need for a repeat 
ablation.  Patients considered for a repeat ablation within the 90-day 
blanking period were either highly symptomatic from recurrent AF/
AT and unable to maintain sinus rhythm despite cardioversion and an 
antiarrhythmic drug or had a recurrent arrhythmia that was felt to be 
best targeted by repeat ablation.  There was no significant difference 
in the number of repeat procedures performed at 3 years follow-up 
between the two groups (19% vs 18%; p=0.7). There were no major 
complications in either group. 

Discussion
The primary finding of this study is that HPSD with stability 

optimization for ablation of atrial fibrillation can achieve similar 
arrhythmia-free survival at three years while reducing procedure 
duration, fluoroscopy time, fluoroscopy dose, and radiofrequency 
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undergoing first time ablation for NPAF, thus reported results may be 
confounded by other changes in practice over time.  Patient cohorts 
were consecutive, so differences in technique were also separated by 
differences in times when procedures were performed.  Procedures 
for both cohorts of patients were completed over a 34-month period, 
and no other significant change in practice besides transition to the 
described catheter-stability related interventions were instituted.  The 
individual influence of HPSD versus stability optimization on the 
overall results remains unknown.  The recurrence of atrial arrhythmias 
could be underestimated in patients with asymptomatic episodes not 
captured on 2-week monitors or during their scheduled follow-up, 
although intensity of monitoring in the present cohort compares 
favorably to intensity of monitoring in recent clinical trials. 2, 4, 5, 7, 19–22 

Conclusion
Compared to conventional techniques, stability-optimized HPSD 

RFA of NPAF is similarly safe and effective with shorter procedure 
duration, less radiation exposure, and less radiofrequency ablation time.  
The individual effects of HPSD and stability optimization on overall 
outcomes remain unclear.
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Strategies to improve outcomes of ablation of non-paroxysmal 
atrial fibrillation continue to evolve, but each approach relies on the 
creation of durable, transmural ablation lesions. The main factor in the 
creation of effective lesions is the maintenance of stable catheter contact 
throughout the duration of energy delivery.  

In this study, we compared ablation of NPAF using CPCD with 
standard mechanical ventilation to HPSD with stability optimization.  
The two methods used to optimize catheter stability included: HFJV 
to decrease respiratory motion and rapid atrial or ventricular pacing to 
decrease cardiac motion.  This is the first study looking at procedural 
outcomes of HPSD with stability optimization as it compares to more 
conventional ablation without stability optimization for ablation of 
NPAF.
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Simultaneous HFJV and rapid cardiac pacing results in greater 
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we were able to further decrease procedure duration, fluoroscopy time, 
fluoroscopy dose, and radiofrequency ablation time.  The present study 
supports that the effects of this combination are additive without 
increasing procedural complications or reducing procedural efficacy 
as compared to CPCD with standard mechanical ventilation without 
stability optimization.  
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Introduction
Atrial fibrillation (AF) is the most common cardiac arrhythmia 

and increases the risk for stroke, heart failure (HF) and cardiovascular 
morbidity 1. In the United States (US) approximately 3 to 6 million 
patients present with AF at any given time 2-3. Estimates suggest that 
AF is responsible for more than 500,000 yearly emergency department 
(ED) visits 4 with an annual yearly expenditure of $15,000- $40,000 
per patient following diagnosis 5-8.

Several therapies are used to treat AF, including pharmacological 
management, catheter ablation, and more recently hybrid ablation. 
As patients progress in disease severity, stand-alone catheter ablation 
is typically used to treat paroxysmal AF, while both catheter ablation 
and hybrid ablation therapies are used as AF progresses in disease 
severity. Hybrid ablation therapy for AF treatment is a newer therapy 
and combines minimally invasive epicardial surgical ablation with 
endocardial catheter ablation. A surgeon and an electrophysiologist 
perform the 2-step procedure using a heart team approach.

 
Hybrid ablation for AF has demonstrated improved clinical 

outcomes as compared to stand-alone catheter ablation for AF patients 
by improving freedom from AF on/off previously failed antiarrhythmic 
drugs and reduces AF burden 9-12. The 2017 HRS/EHRA/ECAS/
APHRS/ SOLAECE expert consensus statement on catheter 
and surgical ablation of AF recommends AF hybrid ablation as a 
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Abstract
Background: Hybrid epicardial with endocardial ablation is an effective treatment for patients with AF. Limited data are available regarding 

healthcare utilization and hospital costs after treatment. This study sought to assess the impact of hybrid ablation for atrial fibrillation (AF) 
on post-treatment healthcare utilization and hospital costs. 

Methods: Using a large Medicare administrative database, patients treated with hybrid ablation were retrospectively evaluated 1-year prior 
to and 1-2 years following ablation for inpatient admissions, hospital length of stay, emergency department (ED) visits, cardioversions, repeat 
catheter ablations, and hospital costs (per member per month, PMPM).

Results: 472 patients with paroxysmal and non-paroxysmal AF with an average CHA2DS2-VASc score of 3.4 were included. Compared to 
pre-hybrid ablation, resource use and costs decreased in the second year following treatment. Reductions were observed for annual per 
patient hospital admissions (50%, p<0.0001), ED visits (38%, p<0.0001), cardioversions (84%, p<0.0001), and catheter ablations (46%, 
p<0.0049).  By year two, primary AF hospital admissions decreased by 79%, average hospital days decreased from 1.9 days to 0.9 days, 
and total hospital costs were reduced by 11% per patient (-$119, PMPM; p<0.001). Reductions in inpatient (20%, -$93 PMPM; p=0.04) and 
outpatient (13%, -$74 PMPM; p<0.0001) costs were observed. 

Conclusions:  Hybrid ablation for AF reduced healthcare utilization and hospital costs by the second year following treatment.
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reasonable (class of recommendation IIb) option in selected patients 
with persistent and long-standing persistent AF (non-paroxysmal) 1.

Increasing incidence of AF and the associated cost of therapies 
should prompt consideration for evaluating long term resource 
utilization for management and subsequent clinical guidelines updates. 
The impact of hybrid ablation on subsequent healthcare utilization and 
cost reductions among patients with AF has not been well studied. 
The recognition of downstream resource utilization could drive health 
policy decisions. Therefore, the objective of this study was to examine 
healthcare use and cost among Medicare beneficiaries with AF before 
and after hybrid ablation treatment in a real‐world setting using a 
contemporary administrative data set. 

Materials and Methods
Data Source 

Data were obtained from the Medicare 100% inpatient and 
outpatient standard analytic files (SAF) and Master Beneficiary 
Summary Files. Medicare is a federal health insurance program in the 
US which provides coverage for persons more than or equal to 65 years 
of age, patients less than 65 years of age who are fully disabled, and 
those with end‐stage renal disease. Pharmacy data was not available 
in the claims data set. This study was provided exempt status by the 
Sterling institutional review board (Atlanta, GA). 

Study Population
Medicare patients with AF undergoing hybrid ablation between 

October 1, 2016, and September 30, 2018, were identified using 
International Classification of Diseases-10th Revision-Clinical 
Modification (ICD-10-CM) diagnosis codes for AF and ICD-10 
Procedure Coding System (ICD-10-PCS) and Current Procedural 
Terminology (CPT®) procedure codes for hybrid ablation. Patients 
were categorized as either paroxysmal or non-paroxysmal (persistent, 
chronic, unspecified) AF (Supplemental Table 1). We used data from 
1 year before the surgical ablation segment of the hybrid procedure 
for a look-back period and 2 years of data post the catheter ablation 
segment of the index hybrid procedure (Figure 1). 

Hybrid ablation procedures for AF were performed either during 
the same inpatient stay (epicardial surgical ablation with endocardial 
catheter ablation during the same inpatient stay) or sequential spaced 
(epicardial surgical ablation followed by a post-discharge endocardial 
catheter ablation performed either inpatient or outpatient within 90 
days of the epicardial surgical ablation). 

Patients were excluded from the analysis if they were not enrolled in 
Medicare Part A and Part B during the study period. Other exclusion 
factors included those electing HMO insurance, patients missing 
demographic information and patients who had a prior surgical 
ablation within 1 year prior to the index surgical ablation. The final 
study population consisted of 472 patients and cohort formation is 
listed in Figure 2. 

Clinical Outcomes and Healthcare Resources
Index procedure variables reported included inpatient length of 

stay (LOS) and use of surgical left atrial appendage device. The 1-year 
period prior to the hybrid ablation index admission was used for the 
pre-period analysis. Data from both hybrid groups were combined for 
post-treatment comparisons due to the small sample size. The post-
period started following the endocardial ablation component of the 
procedure, either the day after the inpatient discharge or the day after 
if the endocardial procedure was performed as an outpatient procedure. 
The post-hybrid ablation procedure period was divided into two one-
year follow-up periods.  Patients who died during the study period 
(n=24) were removed from the outcomes analysis, so each remaining 
patient had the same amount of follow-up time in the post-period. 
Outcomes including these patients were directionally the same as when 
excluded but more likely to reach statistical significance when excluded.

Clinical diagnoses and procedures occurring in the study period were 
identified in the Medicare inpatient and outpatient hospital admissions 
claims using ICD-10-CM and PCS codes (Supplemental Table 2). 
Patient risk variables consisted of a calculated Charlson Comorbidity 

Figure 1:
Study design, including 12-month look back for pre-treatment 
period, index hybrid ablation treatment period, and 2-year post-
treatment period.

Table 1: Patient Demographics and Treatment Location

Hybrid Ablation for AF

Overall
(n=472)

Same Day
(n=239)

Sequential
(n=233)

P Value    

Demographic Characteristics

Age, yrs

Mean ±SD 71 (5.6) 71 (5.8) 71 (5.4) P=0.38

Sex

  Female 175 (37) 88 (37) 86 (37) P=0.91

  Male 297 (63) 151 (63) 147 (63)

Race

  White 439 (93) 224 (94) 215 (92) P=0.54

  Non-White 33 (7) 15 (6) 18 (8)

AF type

  Paroxysmal 120 (25) 53 (22) 67 (29) P=0.10

  Non-paroxysmal 352 (75) 186 (78) 166 (71)

Disabled or ESRD 64 (14) 31 (13) 33 (14) P=0.71

Dually eligible for Medicaid 23 (5) * ^ P=0.12

Region

  Northeast 47 (10)          41 (17) * (*) P<0.001

  Midwest 42 (9) 20 (8) ^ (*)

  South 289 (61) 160 (67) 129 (55)

West 94 (20) 18 (8) 76 (33)

Values are means ± SD for continuous variables, n (%) and frequencies for categorical variables; 
Abbreviations: AF, atrial fibrillation; ESRD, end stage renal disease;
* Indicates a value of 10 or less, blinded per privacy regulations;
^ Indicates a value greater than 10 that could lead to the calculation of a value of 10 or less
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Index score (CCI) 13-15, a summary of Exhausters conditions 16, 
CHA₂DS₂-VASc scores 17-18 for AF stroke risk, HAS-BLED 19 scores 
for major bleeding and specific comorbid conditions (heart failure, 
hypertension, etc.).  

Health care utilization variables consisted of ED claims, inpatient 
admission variables (presence, readmission presence in 1 and 2 years, 
average number of readmissions in 1 and 2 years, average number of 
days for all inpatient admissions within 1 and 2 years, average admission 
days to 1st readmission in 2 years), cardioversions and endocardial 
catheter ablation procedures not included in the index procedure. 
Health care costs were defined as the amount paid by the Medicare 
program including beneficiary cost sharing, as recorded on the inpatient 
and outpatient hospital facility claims.  Costs were capped at the 
99th percentile to eliminate outliers in each cost category (inpatient, 
outpatient, total and admission costs). Costs were expressed as per 
member per month (PMPM). Costs were not indexed for inflation.

Statistical Analysis 
Means and standard deviations were reported for continuous 

variables and frequencies, and percentages were reported for categorical 
variables. Baseline same day and sequential hybrid ablation groups were 
compared with the chi‐square test of independence. Due to the small 

Table 2: Patient Risk and Comorbidity Status 

Hybrid Ablation for AF

Overall
(n=472) 
    

Same Day
(n=239)

Sequential
(n=233)

P Value

Clinical Risk

CCI 4.3 (1.8) 4.3 (1.7) 4.4 (1.9) P=0.43

ECI 3.9 (2.6) 3.8 (2.6) 3.9 (2.6) P=0.49

CHA2DS2-VaSc 3.4 (1.5) 3.3 (1.5) 3.6 (1.4) P=0.90

HAS-Bled 2.3 (0.9) 2.3 (0.9) 2.4 (0.9) P=0.15

Comorbidity or History

Arrhythmia, other 200 (42) 88 (37) 112 (48) P=0.01

Cardiomyopathy 77 (16) 48 (20) 29 (12) P=0.02

CVD 60 (13) 28 (12) 32 (14) P=0.51

CHF 127 (27) 67 (28) 60 (26) P=0.58

CLD 93 (20) 44 (18) 49 (21) P=0.47

Depression 44 (9) 30 (12) 14 (6) P=0.01

Diabetes with
chronic complications

63 (13) 34 (14) 29 (12) P=0.57

Diabetes without
chronic complications

122 (26) 63 (26) 59 (25) P=0.80

Hypertension, complicated 72 (15) 35 (15) 37 (16) P=0.71

Hypertension, uncomplicated 357 (76) 173 (72) 184 (79) P=0.10

MI history 14 (3) * * P=0.62

Obesity 145 (31) 69 (29) 76 (33) P=0.38

PVD 81 (17) 36 (15) 45 (19) P=0.22

Sleep disorder 163 (35) 78 (33) 85 (37) P=0.38

Stroke, any 27 (6) 12 (5) 15 (6) P=0.51

Valve disease 176 (37) 71 (30) 105 (45) P=0.006

Values are mean ± SD, n (%); 
Abbreviations: AF, atrial fibrillation; CCI, Charlson comorbidity index; CVD, cerebrovascular disease; 
CHF, congestive heart failure, CLD, chronic lung disease; ECI, Elixhauser Comorbidity Index; MI, 
myocardial infarction; PVD, peripheral vascular disease;
* Indicates a value of 10 or less, blinded per privacy regulations.

sample size, same day and sequential hybrid ablation procedures were 
combined for pre- and post-procedure analysis using the Wilcoxon 
signed‐rank test or Student T-test depending on data distributions. 
95% confidence intervals were estimated. Data were capped at the 99th 
percentile to account for utilization and medical cost outliers. Given 
the small sample of patients with mortality (n=24, 5.1%) during the 
follow-up period, these patients were excluded in the analysis to hold 
the population, time frames and measurements constant. 

To further explain variation in health care cost or utilization change, 
multivariate regression analyses were performed. In all analyses, a two‐
sided p‐value less than 0.05 was the threshold for which differences 
were considered to be significant.  All analyses were performed using 
SAS software version 9.4 (Cary, North Carolina).

Results 
Baseline Characteristics

Patient characteristics and procedure locations are presented in Table 
1 and 2. There were 472 patients that met study inclusion, including 
239 patients in the same-day hybrid group and 233 in the sequential 
hybrid group. The mean patient age was 71 ± 6 years and 63% were 
male.  There were no differences in rates of AF between same-stay 
and sequential hybrid procedure groups. However, there was an 
approximate 3:1 ratio of non-paroxysmal to paroxysmal patients in 
the current study. Before the study entry, 11.7% (N=55) of patients 
had prior endocardial catheter ablation. A majority of study patients 
had a history of hypertension. Other common clinical comorbidities 
included other arrythmias, congestive heart failure (CHF), chronic 
lung disease, diabetes, obesity, sleep disorders and valvular disease. 
Same-stay hybrid patients had slightly higher rate of cardiomyopathy 
(20% vs. 12%, p=0.02), whereas sequential hybrid patients presented 
with a greater history of other arrythmias (48 % vs. 37%, p=0.01) and 
valvular disease (45% vs. 30%, p<0.001). Patients presented with a 
moderate clinical risk demonstrated by Charlson Comorbidity Index 
(CCI) scores of 4.3 and a CHA2DS2-VaSc score of 3.4.  

Out of all procedures in this study, 28% included an extraluminal 
epicardial surgical exclusion device to manage the left atrial appendage 
(LAA), with more sequential hybrid procedures using a LAA device 
(47% vs. 9%, p<0.001). The average LOS for all hybrid procedures was 
4.0 ± 2.1 days, with no differences between same-day and sequential 
hybrid procedure (4.1 vs. 3.8 days, p=0.1579). 89 % of the endocardial 
ablation procedures in the sequential hybrid ablation group were 
performed as outpatient procedures. Most hybrid ablation procedures 
were performed in the South or Western regions of the US. 

Figure 2:
Attrition flow diagram, with inclusion criteria used to select 
patients in the analysis. AF, atrial fibrillation; SAF, standard 
analytic file; HMO, health maintenance organization.
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(95% CI: -0.04, 0.07; p=0.5841) and decreased by 46% (0.14 vs. 0.08 
events) in year two (95% CI: -0.11, -0.02; p<0.0049) compared to pre-
treatment. 16% of patients had at least one catheter ablation during the 
pre-treatment period and 8% had at least one catheter ablation during 
year two (p<0.0226).  In follow-up 11% of patients had pacemaker, 
implantable cardiac defibrillator (ICD), cardiac resynchronization 
therapy (CRT) device implant and 4% of patients underwent atrio 
ventricular (AV) node ablation.

Post Hybrid Ablation Hospital Costs
There was a significant reduction in annual all-cause hospital costs 

for AF patients treated with hybrid ablation by year two (Figure 4). 
Total annual hospital costs were reduced by 11% per patient (-$119 
PMPM, 95% CI: -$63, -$301; P<0.001) in the second year compared 
to pre-treatment. No significant changes were found in the first year 
after hybrid ablation. Total inpatient hospital costs were reduced by 
20% per patient (-$93 PMPM, 95% CI: -$31, -$218; P=0.04) in the 
second year compared to pre-treatment. No significant changes were 
found in the first year. Total outpatient hospital costs were reduced by 
13% per patient (-$75 PMPM, 95% CI -$24, -$173; P<0.0001) in the 
second year compared to pre-treatment. Small significant reductions 
in outpatient costs were noted in the first year (-$8 PMPM, 95% CI: 
-$91, -$107; P=0.03). 

Although this study did not assess cost effectiveness due to the 
lack of long-term follow-up claims data available at this time, the 
average Medicare cost of the procedure including patient cost-sharing 
was $37,776 (same-day hybrid procedure) and $51,999 (sequential 
procedures combined).

Factors Associated with Changes in Health Care Costs and 
Utilization

Multivariate regression analyses were used to identify predictor 
variables of change (p<.05) in cost and utilization (Supplemental Table 
3). Older age was associated with increases in cost and utilization in five 
of ten models. Reduced resource use and costs were observed following 
hybrid ablation.  Midwestern U.S. patients had the most decreased 
total hospital costs and the reason for regional variation is unknown. 
Having a hybrid ablation procedure, use of surgical LAA, baseline CHF 
status, being female and having baseline diabetes had little impact on 
resource use or cost. 

Discussion
AF is a chronic progressive disease which requires continuous 

management. Interventional strategies for rhythm control may provide 
both acute and chronic benefit to patients and healthcare systems. 
The recognition of downstream impact in managing this population 
and mitigating healthcare utilization is important to guide therapy 
decisions. Patients in this study were Medicare beneficiaries presenting 
with AF, with several baseline comorbidities and increased medical 
risk. Approximately half of the patients had a cardioversion in the 
previous year for atrial arrhythmias prior to hybrid ablation. The 
benefits of AF rhythm control with hybrid ablation in AF patients are 
well documented and include reduction of symptomatic AF as well as 
overall reduced AF burden 9,12,20. Single- and multicenter studies have 
reported freedom from AF or any atrial tachyarrhythmia to be 66%–

 Mortality during the index procedure stay was extremely rare (not 
reportable due to CMS data use when n<11), and no patient deaths 
were reported within the first week following the procedure, suggesting 
mortality was not procedure related. 

Post Hybrid Ablation Hospital Utilization
Health care utilization was significantly lower for AF patients 

following hybrid ablation (Figure 3). 9% of patients had a 30-day 
readmission. Average annual hospital admission rates decreased 16% 
(0.58 vs. 0.49 events) during year one (95% CI: -0.01, -0.20; p<0.078) 
and 50% (0.58 vs. 0.29 events) during year two (95% CI: -0.20, -0.39; 
p<0.0001) compared to the pre- treatment period. The maximum 
number of hospital admissions over time for any patient decreased from 
6 events in the pre-treatment period to 2 events in the second-year 
post-treatment.  38% of patients had at least one a hospital admission 
in the year before treatment, 32% had at least one hospital admission 
in the year following treatment (p=0.03), and 24% had at least one 
hospital admission in the second year following treatment (p<0.0001). 
AF as the primary diagnosis for hospital admission decreased by 56% 
and 79% one- and two-years post-treatment, respectively. Average 
hospital admission LOS dropped from 1.9 days to 0.9 days (95% CI: 
-1.35, -0.65; p<0.0001) during year two. The first occurrence of hospital 
admission following hybrid ablation was 253 ± 223 days.

Similar trends were noted for ED visits, cardioversion, and catheter 
ablation. Average annual ED visits decreased by 13% (1.04 vs. 0.91 
events) in year one (95% CI: -0.27, -0.02; p=0.098) and 38% (1.04 vs. 
0.65 events) in year two (95% CI: -0.52, -0.25; p<0.0001) compared 
to the pre-treatment period. The maximum number of ED visits for 
any given patient in the pre-treatment period decreased from 6 events 
to 4 events by 2 years post-treatment. AF as the primary diagnosis 
for ED visits decreased by 63% and 73% one- and two-years post-
treatment. Average annual cardioversions decreased by 62% (0.77 vs. 
0.29 events) in year one (95% CI: -0.59, -0.38; p=<0.0001) and 83% 
(0.77 vs. 0.13 events) in year two (95% CI: -0.75, -0.55; p<0.0001) 
compared to the pre-treatment. 48% of patients had at least one 
cardioversion during the pre-hybrid ablation treatment period and 
10% had a cardioversion during year two (p<0.0226). Average annual 
catheter ablations increased by 11% (0.14 vs. 0.16 events) in year one 

Figure 3: Change in healthcare utilization pre- and post-AF hybrid ablation. 
ED, emergency department; AF, atrial fibrillation.
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following hybrid therapy. Cost reductions following hybrid ablation 
were likely to be underestimated given the probable discontinuation 
of antiarrhythmic drug use following ablation. Similarly, estimates of 
annual costs for Warfarin and novel oral anticoagulants range from 
as low as ~$400 to over $4,000 per year, suggesting possible lowered 
pharmacy costs for hybrid therapy in this study 24. Since less than 
half of the patients received surgical LAA management, the impact 
on oral anticoagulant (OAC) status is unclear.  We assumed OAC 
status remained unchanged, but the recent LAAOS III study observed 
approximately a 20% reduction in OAC use following surgical LAA 
management with open heart procedures 25. 

Current study results are also consistent with others examining cost 
impact following AF treatment 23, 26. We examined the cost impact 
of hybrid AF ablation before and following intervention, with the 
exclusion of procedure costs. Adding procedure cost would require 
a longer follow-up time period than is available to compare cost-
effectiveness. However, in a modeling study, hybrid epicardial with 
endocardial ablation for AF considering index costs demonstrated cost 
effectiveness compared to catheter ablation or medical management 
over a 5-year time period based on a predicted reduction in resource 
use post-treatment 27. Given the newness of hybrid ablation there 
were not adequate long-term claims data to compare with catheter 
ablation. However, this should be considered going forward. Overall, 
these findings are significant from a health policy perspective, as payors 
are mindful of monthly costs of disease treatments and strategies to 
reduce costs. 

Limitations
There were multiple limitations in this study. Administrative databases 

contain less clinical information than a dedicated clinical database, 
may be prone to selection bias and are meant for a representation of 
care provided for payment agreements. Secondly, physicians’ fees and 
drug costs were not available. This most likely led to underreporting 
of cost savings. Thirdly,  a comparative analysis with catheter ablation 
would not have been appropriate because of the time required to show 
cost-effectiveness relative to catheter ablation is not available at this 
time. Lastly, the cohort were older Medicare beneficiaries, with many 
comorbidities. These results may not be generalizable to younger, less 
sick patients. Nonetheless, this data set provides valuable insights on 
resource use and cost associated with hybrid ablation therapy for AF.

Conclusions
In conclusion, this study demonstrates that hybrid ablation 

performed either during same-stay or sequential visits for hard-to-
treat AF reduces healthcare resource use longitudinally at one- and 
two-years following intervention. Reductions in healthcare utilization 
were driven by fewer hospital admissions, ED visits, cardioversions and 
repeat catheter ablation procedures. Future resource mitigation studies 
should include the impact of hybrid ablation on anti-arrhythmic and 
anticoagulant medications.
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95% at 1 year after the hybrid AF ablation procedure, with 52%–81% 
arrhythmia-free without antiarrhythmic drugs 21. This study continued 
prior work in this area by exploring the impact of hybrid ablation on 
hospital resource utilization and costs. 

This study of hybrid ablation for AF shows significantly reduced 
hospital utilization through fewer patient admissions, hospital days, 
cardioversions, and rate of catheter ablations. Although reductions in 
hospital utilization were present in the first-year post-hybrid procedure, 
the largest reduction was observed during year two. It is likely that 
ablation for focal arrhythmias to achieve durable rhythm control 
during the first year following initial treatment may explain some of 
these differences. Maesen et al. 22 found that additional ablations were 
required in 26% of patients who underwent hybrid ablation for AF. 
This is not surprising given that hybrid ablation patients are typically 
sicker, with more non-paroxysmal AF patients requiring additional 
treatment. Other measures of resource utilization decreased, such as 
the maximum number of admissions from the pre-intervention to the 
post-intervention period (6 to 4), and a significant average period (253 
days) post-treatment for first hospital admission. Older patients had a 
propensity to have greater healthcare usage. These results suggest that 
hybrid ablation for AF treatment may be effective at reducing hospital 
resource use. Our results are consistent with other published studies. 
A recent study using administrative data of catheter ablation for AF 
demonstrated a significant reduction in AF-related hospital admissions 
(66%), ED visits (55%), and cardioversions (53%) following endocardial 
catheter ablation 23. Although some patients had pacemaker/ICD/CRT 
device implant and AV node ablation, more than likely other rhythm 
disturbances (i.e., bradycardia) were reasons for these interventions. A 
high proportion of patients in this study had a history of other non-AF 
rhythms. A recent FDA IDE study found 5.9% of patients with hybrid 
ablation for AF required pacemakers in follow-up for non-AF reasons 
(unpublished data) 9.

As a result of reduced hospital resource use, there were lower 
hospital costs following the hybrid AF treatment. Year one costs were 
comparable to pre-treatment costs. However, by year two, significant 
reductions were found for both inpatient and outpatient total hospital 
costs.  Reductions in costs were most likely attributed to less hospital 
resource use typically associated with AF treatment. DeLurgio et al. 
9 observed 53% of patients discontinued antiarrhythmic medications 

Figure 3: Change in hospital costs pre- and post-AF hybrid ablation. AF, 
atrial fibrillation.
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Introduction
The coronavirus (COVID-19 also known as SARS-CoV-2) with 

its global pandemic scale has affected, threatened, and changed the 
world on many levels, especially the healthcare system. Numerous 
hospital restructurings were needed to provide care for those suffering 
from COVID-19 and to contain its spread. In many hospitals, 
COVID-19 wards were established, other wards therefore closed, 
staff was reallocated, medical services were downsized on a large scale, 
and elective procedures were suspended. All of this resulted not only 
in performance pressures on the medical staff but also in significant 
patient burden and economic losses for many hospitals.1,2,3,4,5,6,7

A new way of safely caring for COVID-19 positive or even 

(presumed) negative patients’ needs to be thought through to contain 
the spread of the virus in the hospital itself, e.g., between patient and 
medical staff, but also be effective in a time of waiting lists, staff and 
bed shortages. Respiratory involvement is usually a hallmark of the 
clinical course of COVID-19 disease, but myocardial involvement 
and arrhythmic events have also been associated with a non-
negligible number of patients1 which may also need to be treated. 
The use of robotic technology seems advantageous here to deal with 
the new challenges.

This article addresses the challenges of the COVID-19 pandemic 
in healthcare, especially in the field of electrophysiology (EP) and 
our center experience at St. Elisabeth Hospital Neuwied with the use 
of robotic technology - the Robotic Magnetic Navigation (RMN) 
to handle it. In detail, two case studies from our center show how 
complex procedures can continue to be performed even in difficult 
times of the pandemic.

Challenges in health care delivery
Attempts to contain the spread of the virus and address the growing 

demand for care of COVID-19 patients has led to restructuring 
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and resource savings by, e.g., suspending non-urgent interventions 
in all medical departments, including the field of electrophysiology. 
Such delay of care requires dynamic risk and benefit assessment. The 
number of patients with deferred care continues to increase despite the 
recognition that morbidity and mortality are associated with delays 
in cardiac care. This includes treatments for cardiac arrhythmias such 
as ablation of severely symptomatic atrial fibrillation or atrial flutter. 
Increased resources of testing and personal protective equipment 
make experts argue against for the resumption of elective procedures.5

Bed supply
Hospitals face several challenges, including the bed supply in 

the intensive care unit (ICU). Because hospital beds in the ICU 
are limited, elective procedures have had to be canceled with the 
increased patient influx to allow for the reorganization of ICU 
beds.2 San Raffaele Hospital, a hospital reorganized as a COVID-19 
center, reported a gradual reduction of 71% (35 to 10) of the number 
of beds in their EP department.6 At our hospital, we also at times 
experienced up to a 50 percent reduction in ICU bed capacity for 
non-COVID-19 patients.

Nevertheless, for the relative calmer times of the pandemic, it is 
necessary to design a new organizational model for patient admission. 
The shortest possible length of stay in the sense of a day-clinic or a 
one-night admission for elective procedures seems to be a suitable 
strategy to minimize the risk of infection and to make optimal use 
of resources.7

Surgical freeze
The Heart Rhythm Society advised postponing ablation of clinically 

stable patients.5 Patients with life-threatening cardiac arrhythmias 
such as urgent non-posttraumatic EP procedures or patients with 
an indication of symptomatic drug-refractory VT recurrence should 
remain treated.6,7

Medical staff
Healthcare workers are at higher risk of contracting COVID-19 

than the general population. Reports showed that as of July 2020, 
more than 1.800 identified healthcare workers from 64 countries 
died from the disease, and with data from late August 2020, there 
have already been 1.079 fatal cases in the United States alone.2 

Robotics in the catheter lab - EP
In general, there is a trend that robotics, through increasingly 

advanced systems and more familiar handling, improves the 
effectiveness of procedures, shortens operating time and hospital 
stay/recovery, can help reduce costs, and improves clinical outcomes. 
However, a key consideration is user acceptance and seamless 
integration into routine clinical practice. In addition, effective 
collaboration between the clinical team, the medical technologist, 
and the manufacturer is important, for example, to ensure ease of 
use.2

We have succeeded in this integration of the Niobe® robotic 
magnetic navigation system (RMN) (Stereotaxis Inc., St. Louis, MO, 
USA) and the collaboration of the various interfaces at our hospital. 
We have been performing procedures using robotics daily since 2008 
(Photo 1). The system is based on robotic control of two permanent 
magnets, each positioned on the side of the patient, which generate a 
magnetic field that is used to navigate the ablation catheter remotely 
from the protected control room via a computer mouse.

This robotic asset is valued for its reliable precision and stability in 
navigating an atraumatic and flexible ablation catheter. 8 In addition, 
RMN presents clinically as a safe method compared to manual 
intervention with a greatly reduced complication rate as well as low 
fluoroscopy time for patients and physicians. 9,10 The clinical success 
is comparable or in some cases better than with manual intervention 
(e.g., the acute success rate in VTs). 9,10 Furthermore, software features 
provide additional functionalities such as the e-ContactTM indicator 
of tip-to-tissue contact.11

Photo 1 NEUWIED Lab/ Control room

Figure 1 ECG before ablation
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Opportunities for robotics in medicine - general and EP

Exposure reduction
The opportunities for robotics in medicine in general, as well 

as in EP are numerous, such as the aspect of reduced exposure to 
x-ray. Performing interventions outside the operating room via 
completely contactless robot-assisted interventions are to be favored 
in the current situation. It has also been reported in other fields that 
modern robotic systems generally require less staff in the operating 
room than, for instance, in conventional open surgeries. Staff are 
exposed to fewer infectious aerosols, body fluids, smoke, and gases, 
and the direct risk of contamination can be further minimized.2,3,4,12 
Therefore, limiting the number of medical staff in the operating 
room and maintaining spacing represents the ultimate scenario for 
reducing pathogen spread.2 In the field of interventional cardiology, 
robotic PCI with the surgeon 2 m away from the patient is already 
recognized as having the potential to reduce the risk of infection 
transmission.13 A technology that advances further toward this goal, 
with the surgeon outside the catheter lab, is the RMN previously 
described, which was originally intended to reduce radiation exposure 
to medical staff.2 The Luigi Sacco Hospital (Milan, Italy) has reported 
using the Niobe® RMN system to minimize unnecessary exposure to 
EP staff and any COVID-19 positive patients.1 

TeleRobotic Procedures
Remote surgery, as it is known, is another important advantage 

of robotics. It potentially allows patients to access specialists 
remotely. Costly patient transport or the need for travel can be 
reduced and interventions can be monitored remotely by specialists 
or controlled via virtual interfaces.2 This could also be thought of 
more widely as a tool for difficult circumstances such as infectious 
diseases, natural disasters, and medical care in war zones and remote 
areas.14,2 Ethical and legal concerns must be addressed to integrate 
such novel technologies in the highly sensitive area of health care.2  
The applicability of telerobotic systems such as tele-echography for 
patients with COVID-19 pneumonia or robot-assisted percutaneous 
coronary interventions in non-critically ill patients has already been 
reported. These and similar technologies could reduce the likelihood 
of infection in medical personnel and serve as an additional layer of 
protection.14,13,4

Through the Niobe® system, we also have the ability for telerobotic 
application. Currently, it is used to receive assistance from the 
telerobotic support center during the procedure. For instance, 
specialists can be requested by the clinic at the touch of a button 
and dial into the robotics system online. This also includes remotely 
identifying and resolving technical issues or providing real-time 
assistance with clinical and software issues, thus ensuring an 
efficient and safe procedure. A stable Internet VPN is sufficient for 
this. Furthermore, compliance with the General Data Protection 
Regulation (GDPR) guidelines is guaranteed by the supplier.

Moreover, it can be used to collaborate with other colleagues, as 
seen live in 2020 during a telerobotics symposium. Jointly assisting 
each other in navigating through two procedures were Prof. Adragao 
at Hospital Da Luz (Lisbon, Portugal) and Prof. Pappone at 
Policlinico San Donato Research Hospital (Milan, Italy). 15

Complication reduction & efficient resource utilization 
Furthermore, benefits in robotic adoption have already been 

reported across several fields concerning low complication rates, better 
clinical outcomes, and earlier patient mobilization. Along with this, 
increased implementation can result in improved resource utilization, 
such as shorter hospital stays and more efficient bed occupancy.  In 
turn, it is possible to reduce the likelihood of COVID-19 spreading 
to inpatient units or additional health system consultations and 
emergency department visits. 3,4 Our center was able to use robotics 
support to provide a combination of a strong hygiene concept, 
efficient use of resources as well as personnel, and reduce risk of 
complications to continue treating patients rhythmologically.

Efficient staffing
Due to many COVID-19 infected individuals, there is a shortage 

of skilled staff in the healthcare system. In this case, the use of 
robotics can help to allocate staff efficiently, and also helps to shorten 
the time patients/staff are exposed to the virus.16 With fewer staff 
needed, we were able to transfer staff to normal and intensive care 
units but continue to offer EP treatments.

In a typical EP lab, one physician guides the catheters in the 
procedure room and another manages the systems from the control 
room.  One or two nurses are also present.  With the help of robotics, 

Figure 2 CARTO high-density Voltage MAP with normal (left) and 
extra sensitive setting (right)

Figure 3 CARTO activation MAP (left) and LAT pre-timing MAP 
(right)
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USA), an atrial tachycardia (CL 540ms) was mapped with origin at 
the roof of the LA. A switch to the cooled RMT ablation catheter 
NAVISTAR Thermocool (Biosense Webster, USA) was made (Figure 
2, 3 and 4). With the help of the RMN system, the procedure was 
continued from the control room outside the lab. During ablation in 
the identified roof region, the tachycardia terminated and could not 
be thereafter induced. By using the robot, the time in the immediate 
proximity of the patient could be reduced. Of the total procedure 
time of approximately 1.5-2 hours the following times were spent 
directly next to the patient: Catheter placement and transseptal 
puncture - approximately 10 minutes, mapping time - approximately 
9-12 minutes, removal of catheters and care of the puncture site - 
approximately 10 minutes, therefore approximately 29-32 minutes in 
total. The remaining time was spent in the control room. In general, 
mapping with the RMN catheter is also possible and can further 
reduce the time spent directly close to the patient. It can be assumed 
that without the use of an RMN system the total procedure time of 
approximately 1.5-2 hours would have been spent directly next to the 
patient vs. with the use of a RMN system only approximately 29-32 
minutes (Figure 5).

The early treatment of AF is critical, ablation is therefore an 
important treatment option. Recently, a multicenter randomized trial 
compared early rhythm control with usual care for patients with early 
AF and cardiovascular disease. Results showed that early rhythm 
control reduced death rates and complications from cardiovascular 
causes 17, which makes the term ‘elective’ debatable when applied to 
these patients. This was reflected in 2020 guidelines. They upgraded 
ablation as a treatment recommendation from Class II a to Class I in 
case of AF after failed medication therapy and as a first-line therapy 
in AF patients for recovery of LV function when tachycardia-related 
cardiomyopathy is likely and regardless of the patient’s symptom 
status. 18

Case 2 – “Concealed” WPW with left lateral accessory pathway 
That even young patients have an urgent need for treatment 

during the pandemic is shown by following the case of a 19-year-old 
female patient with frequent AV reentry tachycardias, after already 
unsuccessfully ablated left atrial exclusively retrograde conducting 
accessory pathway (2019, CL 330ms). The severely symptomatic 
tachycardias required emergency hospitalization every 1-2 weeks. 

we have established a highly efficient department where a single 
physician and a single nurse suffice since after the introduction of 
catheters the procedure is managed entirely from the control room.

Case studies
Procedures considered important during the COVID-19 pandemic 

but classified as elective can still be performed safely and efficiently 
with robotic assistance. This is demonstrated by the following 
complex procedures from our center.

The procedures were performed by one physician and one nurse. 
Our standard approach is without the use general of anesthesia. 
Propofol is used and managed by the operating physician and a 
special trained nurse. The nurse uses monitoring systems allowing to 
maintain distance to the patient. 

In technical emergency cases tele-support  from the industry-
partners is possible but in this cases not necessary. 

Case 1 - Focal left atrial tachycardia 
A 76 year-old male patient, presented with heart failure and a 

new symptomatic arrhythmia - left atrial tachycardia (Figure 1). 
A recurrent refractory persistent atrial fibrillation (PVI 2016 & 
02/2020), from which the patient has suffered for more than 15 years, 
and a left atrial focal tachycardia (540ms) (07/2020) were previously 
ablated Figure 1.

Under propofol the placement of a multipolar catheter in CS, RA, 
and another multipolar catheter at the His position was performed. 
This was followed by a transseptal puncture with the placement of an 
SL1 sheath into the LA. Using a Pentaray catheter (Biosense Webster, 
USA) and the 3D mapping system CARTO (Biosense Webster, 

Figure 4 X-ray thorax: RMT ablation catheter in the LA

Figure 5 ECG: termination of tachycardia during ablation
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His position and one in the RV, transseptal puncture followed, and an 
activation map of the easily triggered tachycardia (CL 362ms) (Figure 
6) was performed using the Pentaray catheter and the CARTO 3D 
Mapping System (Figure 7). Thereafter, a switch to the cooled RMT 
catheter was made. The area of the left lateral to the mitral valve 
annulus was robotically ablated with visible potential on the catheter 
(Figure 8, Figure 9). Termination of the tachycardia occurred during 
ablation (Figure 10). Even after a waiting period of 60 minutes, 
no further tachycardia could be induced. The CS sequence during 
retrograde stimulation of RV came only via the AV node. In this 
case, the RMN system also reduced the time spent in the proximity 
of the patient. Of the total procedure time of approximately 1.5 
hours the following times were spent directly next to the patient: 
Catheter placement and transseptal puncture - approximately 10 
minutes, mapping time - approximately 8-11 minutes, removal of 
catheters and care of the puncture site - approximately 10 minutes, 
therefore approximately 28-31 minutes in total. The remaining time 
was spent in the control room. It can be assumed that without the 
use of an RMN system the total procedure time of approximately 1.5 
hours would have been spent directly next to the patient vs. with the 
use of a RMN system only approximately 28-31 minutes. In post-
intervention, there were no unusual events, and the patient was able 
to be discharged the day after the procedure.

Prospects for the future
The European Commission is already focusing on the future 

with the initiative “Join the AI-ROBOTICS versus COVID-19” 
- European AI Alliance. The goal is to find solutions to combat 
COVID-19 in the field of AI and robotics, including, for example, 
voice-activated robot-assisted contact avoidance with potentially 
infected surfaces, instruments, or humans, as well as telepresence/
telemedicine using remotely controlled robots to support medical 
protocols up to instrumental controls.16

Telemedicine showcases itself as a key technology of the future. 
Patients can receive high-level medical care and at the same 
time, robotic ablation helps to reduce infection spread. A study 
concerning e.g., user acceptance and perception, evaluation of current 
implementation, as well as the evaluation of possible regulatory 
obstacles was conducted with German physicians online. In line 
with other studies, telemedicine solutions are highly valued across 
all professional categories. In the present of a crisis, this perception 
of high value is significantly higher for the in-patient vs. out-patient 
sector. A fifth of respondents saw regulatory and technical obstacles 
to telemedicine in routine care. If regulators and governments can 
prioritize and overcome the removal of technological, organizational, 
and infrastructural barriers, telemedicine has a chance to emerge as a 
global care structure in the future. 20

Conclusion
Globally, the healthcare system has been confronted with 

numerous new challenges. The return to the new reality of healthcare, 
along with the resumption of elective procedures, requires innovative 
approaches. The first publications on this topic considered (tele-) 
robotics as the answer across various fields in medicine. In parallel 
to the intense testing and personal protective equipment, robotics 

Early treatment of tachycardias with CL of more than 200ms is 
crucial to prevent escalation into atrial fibrillation and sudden cardiac 
death. 

Sudden cardiac death is the most feared manifestation of WPW 
syndrome, typically because of pre-excited atrial fibrillation that 
conducts through the accessory pathway to the ventricle and provokes 
ventricular fibrillation. 19

The patient was therefore admitted as an inpatient for electro 
physiological examination, and recurrent left atrial exclusively 
retrograde conduction accessory pathway was confirmed. In addition, 
a nonpermanent retrograde block in the CS- sequence was suggested. 
On the same day, it was decided to perform a robot-assisted ablation.

After placing a catheter in CS and RA as well as a catheter at the 

Figure 6 ECG: Tachycardia

Figure 7 CARTO HD map and oblique left lateral ablation of the 
accessory pathway
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serves as an additional layer of protection against potential exposure 
to COVID-19. Moreover, it allows for more efficient use of limited 
resources, such as fewer medical staff required or prevention of 
prolonged bed occupancy by tending to lower complication rates, for 
example. Particularly for the field of electrophysiology, we can agree 
with the positive results of the successful robotic implementation 
of an RMN system in our center and we can also report further 
advantages.

Especially in the clinical field, telemedicine presents itself with great 
acceptance as a future key technology. The clearing of technological, 
administrative, and infrastructural obstacles is necessary to prepare 
the path for the establishment of a global care structure.
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Introduction
Psychological stress has been associated with concurrent episodes 

of atrial fibrillation (AF) but an association has not been described 
for episodes of AF starting hours later during predominantly vagal 
periods.  Using myself as the subject of a 22-month observation, I 
show that a possible association between daytime psychological 
stress and vagally mediated atrial fibrillation (VMAF) warrants 
further investigation. 

Phillippe Coumel, “a founding father of arrhythmology”1described 
AF during evening rest in autonomic terms.  His 1978 description of 
AF occurring during “predominantly vagal periods” was based upon 
observations of 18 subjects.2Coumel and his coauthors proposed 
that vagal activity led to nonhomogeneous shortening of the Atrial 
Effective Refractory Period (AERP), causing a reentry dynamic and 
that the phenomenon was triggered by sympathetic activity. 

Writers since Coumel have called AF during evening rest vagal AF3 

and vagally mediated AF (VMAF). VMAF as a condition describes 
cases in which greater than 90% of paroxysmal AF (PAF) episodes 
start during predominantly vagal periods.4 I use the term VMAF 
because of its frequent appearance in the literature and because it 
describes a single episode as well as a condition. The prevalence of the 

condition VMAF within a population of patients with AF has been 
reported as 12%,4 27% in a study of patients awaiting radiofrequency 
ablation,5 and the 2008 Euro Heart Study reported 6% of AF patients 
have VMAF.6 Episodes of VMAF have been reported in endurance 
athletes7 but an association between VMAF and psychological stress 
has not been described. 

VMAF is one of three autonomically classified types of paroxysmal 
atrial fibrillation (PAF).  The other two are adrenergically mediated 
AF (AMAF) and random AF.  As with VMAF, when 90% or more 
AF episodes begin during, predominantly adrenergic periods, one 
has been said to have AMAF.  Random AF applies to the remaining 
cases.5

Studies of AF in general (not specific for VMAF) have shown an 
association between episodes of anger and hostility,8 long working 
hours,9 and job strain.10The association between stressful events or 
periods and AF was described for AF in general.  No studies have 
explored an association between psychological stress and delayed 
episodes of VMAF.

Increasing propensity for AF with aging has been described electro 
physiologically and electroanatomically11 and the lifetime risk for 
AF according to the Framing ham Heart Study was 26.0% for men 
and 23.0% for women ages 40 and older.12 Other risk factors for 
AF include genetics, heart failure, valvular disease, hyperthyroidism, 
hypertension, atherosclerotic coronary artery disease, diabetes 
mellitus, obesity, obstructive sleep hypopnea, smoking, and excessive 
alcohol use.13,14,15,16 Post traumatic stress disorder (PTSD) has been 
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Abstract
This self-report of vagally mediated atrial fibrillation (VMAF) describes a possible association with daytime psychological stress in an 

otherwise healthy 68-year-old physician with no risk factors for atrial fibrillation (AF) other than age.  During a 22-month initial observation 
period, 121 episodes of VMAF were recorded and 105 of them (86.8%) occurred six to twelve hours after episodes of intense psychological 
stress. To the author’s knowledge this is the first report of a possible association between psychological stress and VMAF.  The unique 
characteristics of psychological stress associated with VMAF may warrant medical treatment modifications and may benefit from stress 
reduction strategies.  Further investigation of the possible association between psychological stress and VMAF may be warranted. 
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proposed as a risk factor for AF17 but psychological stress, though 
acknowledged, as a consequence of AF, has not been classified as a 
risk factor for AF.18,19

Aside from age (68), I have none of the risk factors that have, so 
far, been associated with AF.  My workup included blood studies, 
ECG, cardiac ultrasound, stress test, and chest CT with contrast, all 
of which were normal.  The absence of risk factors and comorbidities 
increases the likelihood of a direct association between psychological 
stress and AF. 

Possibly relevant is my personal history of trauma, including 
childhood abuse, torture, street fighting, and high-risk sports.  Decades 
of adrenergic surges may have created previously inconsequential 
AF substrate which may have increased my vulnerability to AF.  
One study has shown an association between adverse childhood 
experiences and cardiovascular disease (CVD) later in life20 and a 30-
year longitudinal study showed a greater than 50% higher incidence 
of CVD following childhood adversity.21 AF in particular has not 
been linked with childhood adversity but both psychological and 
physiological mechanisms suggest a likely association. 

Method and Materials 
My first episode of presumed AF started during rest six hours 

after my final presentation of a national book tour for the self-help 
book I ironically titled Mind Easing.22 Jet lagged and overwhelmed, 
I experienced an uncharacteristic episode of stage fright which 
I hid from the audience. Later, during a restful (vagal) period, I 
experienced irregularly irregular tachycardia suggestive of AF.  The 
episode resolved within an hour which made documentation by 
ECG impossible.  Subsequent episodes, however, were recorded 
either by 12 lead ECG or by single lead on-demand device tracings 
all lasting 30 seconds or longer which confirmed the diagnosis of 
atrial fibrillation in accordance with the 2020 ESC guidelines for 
the diagnosis and management of atrial fibrillation.23 Distressed by 
and curious about the seeming counterintuitive experience of AF 
occurring hours after an obviously stressful event rather than at its 
moment, I began recording AF episodes and episodes of intense 
psychological stress. Informed consent for making and recording 
observations is implicit as I am both the subject and the observer. The 
observations were made in a handwritten journal and they had no 
effect on treatment decisions and did not violate the ethical principles 
for medical research involving human subjects per the declaration of 
Helsinki, by the World Medical Association.  

Immediately following my first episode of AF, I purchased a single 
lead mobile on-demand ECG recording device and used it throughout 
the study period.  I preferred an external on demand monitor rather 
than an implantable monitor in order to have immediate feedback 
regarding the timing of AF episodes in case it would seem that 
phenomena other than psychological stress should be considered and 
recorded.  As no other variables seemed associated with AF episodes, 
psychological stress was the association investigated. 

Single lead ECG recordings were taken at least hourly during the 

day and evening and more often if an AF episode were suspected 
because of tachycardia or unusual chest sensations. At least three 
recordings were taken each night. Night time wake ups were facilitated 
by deliberate evening hydration combined with mild benign prostate 
hypertrophy. I recorded all AF episodes in a diary and included 
approximate start, stop and elapsed times for each episode. AF 
episodes, when they occurred, were recorded independent of detailed 
descriptions of daytime stress and did not effect the description of 
the preceding stress.

During the 22-month observation period, I consumed no alcoholic 
beverages, followed a vegetarian diet, steadily maintained a BMI of 
21 (6’0”/153 lbs. +/- 3 lbs.) and avoided overeating. I maintained 30 
minutes of moderate exercise daily and slept, on average, seven hours 
nightly (minus brief wake ups).  During the 22-month study, I took 
atenolol 25mg twice daily and apixaban 5 mg twice daily. 

I deemed self-perceived psychological stress intense when the 
degree of stress substantially exceeded my usual day to day stress.  
As a practicing psychiatrist and owner/director of a twenty-four-
clinician practice in two locations while writing a book and engaging 
in social media and speaking engagements, I had many opportunities 
for intense bouts of stress.  Examples of intense psychological stress 
include fielding complaints by patients about staff clinicians, news of 
a possible lawsuit, sudden unexpected urgent demands for regulatory 
reports and, most commonly, rushing to accomplish too much over the 
course of several hours. 

Short term psychological stress is difficult to quantify. Most existing 
validated psychological tests of stress such as the perceived stress scale 
(PSS)24 and the Stress and Adversity Inventory (STRAIN)25 measure 
stress over the past month (PSS) or over the lifespan (STRAIN).  Other 
psychological tests for stress can be found at the Stress Measurement 
Network Toolbox (https://stressmeasurement.org).  I could not find 
a quantitative psychological measurement of stress lasting less than a 
single day perhaps because day to day stress can be affected by one’s 
history of stress exposure, variations in stress perception (threat vs 
challenge) and responses to perceived stress, confounding attempts at 
objective measurement. 

Biomarkers for short term psychological stress, such as salivary 
cortisol, have significant limitations. Salivary cortisol’s accuracy was 
tested by using the Trier Social Stress Test26in which subjects are 
given ten minutes to prepare a speech and ten minutes to deliver 
the speech along with performing mental arithmetic in front of an 
evaluating audience.  Thirty percent of study subjects did not mount 
a cortisol response and there was significant variation in the levels 
of those who showed a response.27 Other biomarkers I considered 
for stress measurement included pro in flammatory cytokines and 
RNA and transcriptome profiling, but they have considerable 
variability and significant expense. Measurements of heart rate 
velocity and blood pressure can vary with non-stress phenomena 
such as excitement and exercise and proved excessively cumbersome 
for this study. In a review of best practices for stress measurement, 
Crosswell and Lockwood concluded “biomarkers should not replace 
self-report, behavioral, and cognitive outcomes…”28 The apparent 
lack of objective and quantifiable measurements of short term (one 
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day or less) stress may explain why so few studies of the association 
between psychological stress and AF have been conducted. 

The authors of a study of “let-down migraine” (migraine occurring 
at rest hours after a psychological stressful event) that is similar in 
design to this observational report also used a simple and subjective 
assessment of psychological stress. In a three-month study of 17 
subjects, they asked the participants “on a scale of zero to ten how 
stressful was today?”. The authors reported a “strong association” 
between psychological stress and migraine headaches occurring six to 
twenty-four hours later.29 My simple determination of intense stress is 
similar to their scale of zero to ten.  Subjective determination of self-
perceived short term psychological stress appears to be the current 
best practice for assessing degrees of short-term psychological stress. 
Hopefully quantitative psychological tests and reliable biomarkers 
for short-term stress will be developed in the future.

Results
Over the course of 22 months, I recorded 125 PAF episodes. Of 

the 125 episodes, 121 (96.8%) occurred during predominantly vagal 
periods (during evening rest or sleep). Given that the condition 
VMAF has been defined as having 90% or greater PAF episodes 
during, predominantly vagal periods,5 VMAF appears to be an 
appropriate classification for this presentation of PAF. 

Of the 121 VMAF episodes, 105 (86.8%) began six to twelve 
hours following psychologically stressful events or periods that were 
deemed intense. Of 132 episodes of intense stress, 105 (79.5%) were 
followed by an episode of VMAF. 

During the 22-month observation period 4 AMAF episodes 
started during intense psychological stressful events and were evenly 
spaced throughout the study period. Those events may have involved 
stress of a higher degree or of a different character than the intense 
stress preceding VMAF episodes but I did not have sufficient data to 
be able to draw any conclusions about differences between AMAF 
and VMAF episodes associated with psychological stress. 

Over the course of the 22-month observation period I experienced 
a trend toward more frequent episodes of PAF and PAF episodes 
of longer duration. During the first 3 months 11 episodes lasted 1 
to 12 hours for an average 7.7 hours per episode. During the last 3 
months of the study, 17 episodes lasted 8 to 60 hours, on average 38.4 
hours per episode.  Progression of AF burden may have been due to 
recurrent AF episodes (“AF begets AF”)30 or it may have been due to 
the possibly deleterious effect of beta blockers on VMAF.7

The initial observation period was terminated and rhythm control 
treatment started out of concern that AF progression could reduce 
the likelihood of successful treatment. Normal sinus rhythm was 
achieved with flecainide 100 mg twice daily and at the same time, 
I began workload reduction and frequent use of brief mindfulness 
exercises.  Atenolol was discontinued due to bradycardia. As of this 
writing 18 months have elapsed with no AF episodes along with very 
few intense psychologically stressful events. 

During the first six months following the end of the initial 
22-month observation period, supraventricular ectopy was recorded 
during times of psychological stress and intense physical exertion 
approximately three times per week, gradually subsiding and then 
rarely occurring. The dissipation of supraventricular ectopy coincided 
with reduction of episodes of intense psychological stress may 
represent a lag between initiation of stress reduction strategies and 
their eventual effectiveness. 

Discussion
This self-report has several limitations. First, the strength of a 

single case study is so limited by its number that it can only present 
an observation that may warrant further investigation. Next, using 
an external mobile ECG recording device may be a limitation as an 
implantable continuously recording device would give more precise 
readings. If it were available, a validated tool for objective assessment 
of brief psychological stress might provide a more valid quantification 
of psychological stress than approximated self-assessment.  A reliable 
and convenient stress biomarker accurately assessing short-term 
stress, if one exists or if one were developed, would provide objective 
confirmation of stress levels during times of self-perceived stress.  The 
accuracy of self-reported findings is potentially hampered by the risk 
of reporter bias and the potential for bias is greater when the reporter 
is also the author.  

Despite its limitations, this study presents a large number of VMAF 
episodes(121) and correlates them with a large number of episodes 
of intense psychological stress(132). Given that 86.5% of the VMAF 
episodes were preceded by intense psychological stress and given 
that 79.5% of intense psychological stress episodes were followed 
by VMAF episodes, these findings support a possible association 
between intense psychological stress and subsequent episodes of 
VMAF. Larger studies would be needed to test this assertion. 

If an association exists between daytime psychological stress and 
evening or nighttime episodes of AF then what might account for 
the delay between the two phenomena? Despite prolific studies of AF 
physiology, current descriptions have not yet included mechanistic 
explanations for the delay. Demographic reports of VMAF and 
AMAF are divided.  Two report no cardiac morbidities in individuals 
with VMAF2,3 and one reports similar rates of cardiac comorbidity 
for VMAF and AMAF4. 

Cardiac Regulatory Capacity (CRC), also referred to as autonomic 
flexibility, might help form a theory about the delay between stressor 
and VMAF onset. CRC refers to coactivation between sympathetic 
and parasympathetic influences as a dynamic process of rebalancing.31 
Perhaps individuals with VMAF are equipped with enough autonomic 
flexibility to temporarily mount a parasympathetic response to a 
sympathetic perturbation but not enough to manage subsequent vagal 
overactivity or adrenergic surges during predominantly vagal periods.  
Beyond satisfying conjecture, finding a mechanistic explanation for 
a delay between stressor and AF onset may lead to treatment and 
management approaches to reduce AF burden. 



Volume 15 Issue 6 | Nov 2022

Featured ReviewJournal of Atrial Fibrillation Featured ReviewJournal of Atrial Fibrillation & Electrophysiology74 Case Report

www.jafib-ep.com

psychological stress and evening or nighttime episodes of vagally 
mediated atrial fibrillation (VMAF). Over the course of 22 months, 
86.8% of his 121 VMAF episodes were preceded by intense episodes 
of psychological stress and 79.5% of his 132 episodes of intense 
psychological stress were followed by episodes of VMAF. The concept 
of autonomic flexibility may contribute to an explanation for the 
delay between stressors and VMAF episodes. Medical treatment with 
rhythm control tailored to VMAF combined with stress reduction 
strategies may help reduce AF burden for this possible AF subtype.  
Further investigation of the association between psychological stress 
and VMAF is warranted.   
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Treatment Considerations
Medical treatment of AF offers a choice of rate or rhythm control32 

Rate control may be problematic for VMAF as beta-blockers may 
enhance vagal activity, increasing the possibility that VMAF might 
be worsened. Consequently, some writers have advised against using 
beta blockers for VMAF6.

Rhythm control of AF typically involves antiarrythmic medication or 
ablation. Despite concerns about antiarrhythmic medication toxicity, 
when properly chosen and continuously dosed, antiarrhythmic 
medication with low beta-blocking activity can produce favorable 
outcomes for AF with low side effect rates.33 A twenty-five-year 
review of flecainide found it safe and effective for AF in general.34

Ablation for AF, though invasive, appears to have lower rates of 
side effects than antiarrhythmic medication and may have more 
favorable outcome rates for AF in general.35 Catheter ablation has 
been recommended as first-line therapy for atrial fibrillation.36 Some 
studies, however, have demonstrated lower effectiveness of ablation 
for VMAF than for overall AF. In a study of pulmonary vein 
isolation (PVI), successful one-year outcomes were reported as 69% 
for “random” AF, 83% for AMAF, and 50% for VMAF.4 In a study 
of antral PVI, AF-free outcomes at 21 +/- 15 months were reported 
as 82% for random AF, 86% for AMAF, and 75% for VMAF.  The 
authors concluded that antral PVI was “similarly effective” for the 
three autonomic classifications of AF.5 None of the outcome studies 
of antiarrhythmic medication nor of ablation for AF that I could 
find examined the effect of adding stress management techniques to 
standard rhythm control treatment. 

Stress Reduction 
Studies of stress management for AF in general have shown 

effectiveness for yoga37 and mind fulness meditation.38 The studies 
included scheduled yoga and meditation sessions lasting one to 
several hours. Studies of brief mindfulness exercises, as short as 5 
minutes duration, have demonstrated positive health outcomes.39 
I recommend a very brief (30 second) mind fulness exercise to 
interrupt bouts of acute psychological stress.  An example of a brief 
mindfulness intervention is: When stressed, stop, close your eyes, 
take a deep breath, then focus only on the pattern of breathing, 
returning your focus to your breathing when your mind wanders.  
Using this exercise or one like it for a very brief period can break a 
stress response cycle and restore a less stressful steady pace. 

Day to day and moment to moment stress reduction exercises 
can be especially effective when combined with lifestyle stress 
reduction. Reducing workload, addressing problematic relationships, 
and decompressing schedules may be difficult but necessary for 
individuals who chronically push themselves too hard.  As the 
capacity to manage stress diminishes with age and the vulnerability of 
tissues to stress increases with age,stress reduction may be especially 
important for aging patients, including those who are retired. 

  
Conclusions

This self-report of a 68-year-old physician with no known 
risk factors for AF shows a strong association between day time 



www.jafib-ep.com Volume 15 Issue 6 | Nov 2022

Featured ReviewJournal of Atrial Fibrillation Featured ReviewJournal of Atrial Fibrillation & Electrophysiology75 Case Report

31. Berntson G, Norman G, Hawkley L, Cacioppo J.  Cardiac autonomic balance vs. 
cardiac regulatory capacity.  Psychophysiology 2008;45(4):643-652.  https://doi.
org/10.1111/j1469-8986.2008.00652.x

32. Kim D, Yang P-S, You S, et al.  Comparative effectiveness of early rhythm control 
versus rate control for cardiovascular outcomes in patients with atrial fibrillation.  
Journal of the American Heart Association 2021;10(24):e023055.  https://doi.
org/10.1161/JAHA.121.023055

33. Tamargo J, Capucci A, Mabo P.  Safety of flecainide.  Drug Safety 2012; 35(4):273-
289  https://doi.org./10.2165-115999-0000000-000

34. Aliot E, Capucci A, Tamargo J Twenty-five years in the making:  flecainide is safe 
and effective for the management of atrial fibrillation.  Europace2011;13(2):161-173.  
https://doi.org/10.1093/europace/euq382

35. Packer D, Mark D, Robb R, et al.  Effect of catheter ablation vs antiarrhythmic drug 
therapy on mortality, stroke, bleeding, and cardiac arrest among patients with atrial 
fibrillation:  the CABANA randomized clinical trial.  JAMA 2019;321(13):1261-
1274.  https://doi.org/10.1001/jama.2019.0693

36. Turagam M, Musikantow D, Whang W, et al. Assessment of catheter ablation or 
antiarrhythmic drugs for first-line therapy for atrial fibrillation. JAMA Cardiol 
2021;6(6):697-705. https://doi.org/10.1001/jamacardio.2021.0852

37. Deutsch SB, krivitsky EL.  The impact of yoga on atrial fibrillation:  a review of 
The Yoga My Heart Study.  Journal of Arrhythmia. 2015; 31:337-338.  https://doi.
org/10.1016/joa.2015.05.001

38. Dossett M, Needles E, Donahue Z, et al.  A SMART approach to reducing 
paroxysmal atrial fibrillation symptoms: results from a pilot randomized 
controlled trial. Heart Rhythm O22021; 2(4): 326-332. https://doi.org/10.1016/j.
hroo.2021.06.003

39. Howarth A, Smith J, Perkins-Porras L, Ussher M.  Effects of brief mindfulness-
based interventions on health-related outcomes:  a systematic review.  Mindfulness 
2019;10: 1957-1968.  https://doi.org/10.1007/S12671-019-01163-1

of the American College of  Cardiology 2014;64(21):2222-2231.  https://doi.
org/10.1016/j.jacc.2014.09.028

16. Voskoboinik A, Prabhus, Ling La, et al.  Alcohol (and atrial fibrillation:  a sobering 
review.  Journal of the American College of Cardiology 2016;68(23):2567-2576.  
https://doi.org/10.1016/j.jacc.2016.08.074

17. Rosman L, Lampert R, Ramsey C, et al.  Posttraumatic stress disorder and risk for 
early incident atrial fibrillation:  a prospective cohort study of 1.1 million young 
adults.  J Am Heart Assoc2019;8:eo13741 

18. Herrmann-Lingen C and Wachter R.  Psychological stress and incidence of atrial 
fibrillation.  European Journal of Preventive Cardiology 2020;0(00):1-3.  https://
doi.org/10.1177/2047-487319898022

19. Peipoli M, Hoes A, Agewall S.  2016 European guidelines on cardiovascular disease 
prevention in clinical practice:  the sixth, joint task force of the European Society 
of Cardiology and other societies on cardiovascular disease prevention in clinical 
practice (constituted by representatives of 10 societies and by invited experts) 
developed with the special contribution of European Association for Cardiovascular 
Prevention and Rehabilitation (EACPR).  Eur Heart J 2016; 37(29):2315-2381.  
https://doi.org/10.1093-eurheartj/ehw106

20. Godoy L, Frankfurter C, Cooper M, et al.  Association of adverse childhood 
experiences with cardiovascular disease later in life.  JAMA Cardiol 2021;6(2):228-
235.  https://doi.org/10.1001/jamacardio.2020.6050

21. Pierce J, Kershaw K, Kiefe C, et. al.  Association of childhood psychosocial 
environment with 30-year cardiovascular disease incidence and mortality in middle 
age.  Journal of the American Heart Association 2020;9:e015326.  https://doi.
org/10.1161/JAHA.119.015326

22. Wanck, Bick.  Mind Easing:  the 3-layered healing plan for anxiety and depression. 
2019. Health Communications Incorporated. 

23. Hindricks G, Potpara T, Dagres N, et al.  2020 ESC Guidelines for the diagnosis 
and management of atrial fibrillation developed in collaboration with the European 
Association for Cardio-Thoracic Surgery (EACTS):  The Task Force for the diagnosis 
and management of atrial fibrillation of the European Society of Cardiology (ESC) 
Developed with the special contribution of the European Heart Rhythm Association 
(EHRA) of the ESC.  European Heart Journal, 2021; 42(5):373-498.  https://doi.
org/10.1093-eurheartj/ehab648 

24. Cohen S, Kamarck T, Mermelstein R. A global measure of perceived stress. Journal of 
Health and Social Behavior 1983;24(4):385-396. https://doi.org/10.2307/2136404

25. Slavich G, Shields G.  Assessing lifetime stress exposure using the stress 
and adversity inventory for adults (Adult STRAIN): an overview and initial 
validation. Psychosomatic Medicine 2018;80(1):17-27.  https://doi.org/10.1097/
PSY.000000000000534

26. Kirsclabaum C, Pirke KM and Hellhammer DH.  The ‘Trier social stress test’:  
A tool for investigating psychobiological stress responses in a laboratory setting.  
Neuropsychobiology 1993; 28:76-81.  https://doi.org/10.1159/000119004

27. Kudielka BM, Hellhammer DH and Wusts.  Why do we respond so differently?  
Reviewing determinants of human salivary cortisol responses to challenge.  
Psychoneuroendocrinolgy 2009;34(1):2-18  https://doi.org/10.1016/j.
psyneuen.2008.10.004

28. Crosswell A, Lockwood k.  Best practices for stress measurement:  how to measure 
psychological stress in health research.  Health Psychology Open 2020:1-12. https://
doi.org/10.117/2055102920933072

29. Lipton R, Buse D, Hall C, et al.  Reduction in perceived stress as a migraine trigger:  
testing the “let down” headache effect.  Neurology.2014;82(16):1395-401.  https://
doi.org/10.1212/WNL.0000000000000332

30. Wijffels M, kirchof C, Dorland R, Allessie M.  Atrial fibrillation begets atrial 
fibrillation:  a study in awake chronically instrumented goats. Circulation. 
1995;92:1959-1968.  https://doi.org/10.1161/01.CIR.92.7.1954



Left Atrial Appendage Accessory Lobe Closure Post-LAAO Device 
Leak
Supraja Thunuguntla1, Ahmed Almomani1, Jayasree Pillarisetti1

1University of Texas UTHSCSA: The University of Texas Health Science Center at San Antonio

Corresponding Author
Dr. Supraja Thunuguntla ,
University of Texas UTHSCSA: The University of Texas Health Science Center ,
San Antonio

Key Words
Atrial Fibrillation, Ablation, Convergent, AtriClip, Left Atrial 
Appendage

Case synopsis
A 76-year-old male with past medical history of hypertension 

and persistentatrial fibrillation on oral anticoagulation developed 
melena and underwent left atrial appendage occlusion with a 24 
mm Watchman device. A 3mm peri device leak (PDL) was noted 
on his 6-Week TEE with no signs of complications or device 
related thrombus. CT scan for further assessment of the device leak 
demonstrated that the main big lobe of the appendage is completely 
occluded by the device, however, there is an accessory lobe of the 
appendage that is partially blocked by the device, and the leak 
is emerging from that accessory loop which is still opacified with 
contrast. It was a 12.3 x 10.7 mm contrast filled column of the left 
atrial appendage along the left anterior and inferior aspect of the 
device at 2-3 o’clock position that was noted through a narrow neck 
measure on cardiac CT at 5m x 6 mm. It was decided to proceed with 
accessory lobe closure.

Case reports of Watchman residual leaks closure using 
AMPLATZERTM vascular plug or coils1 as an alternative treatment 
has been published and suggested feasibility, safety, and efficacy of 
these techniques. This is particularly important in patients with 
residual accessory lobes who are not tolerating long-term oral 
anticoagulants2.

A left atrial appendage PDL closure with Amplatzer Vascular plug 
II was performed; A 6F MPA guide catheter was advanced to the left 
atrium through the transseptal Versacross sheath. Using a soft glide 
wire, the MPA guide catheter was advanced to the accessory loop/
peridevice leak and position was confirmed with contrast injection. A 

10 mm AVP II was advanced through the MPA guide and deployed 
in the leak area. A tug test was performed, and the device remained 
stable. There was no residual leak around the device on assessment 
with doppler transesophageal echo and with contrast cine imaging. 
Treatment with Plavix and ASA 81mg daily for 4 months as per 
protocol was continued, following which he was taken off Plavix. 

Teaching points:
1. Residual leaks after LAA occlusion remain a limitation of LAA
occlusion devices which are assessed for by transesophageal
echocardiogram (TEE) vs cardiac computed tomography during
follow--up (at 45 days, 6 months and 1 year) post procedure.
2. Real-world data have demonstrated that the incidence of
thromboembolic events was higher in patients with PDL, irrespective
of the size of the leak due to which closure of PDL with device
remains a viable option.
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Figure 1:

CT with contrast depicting A. satisfactory positioning of the
Watchman device in the left atrial appendage. B. 12.3 x 10.7 
mm contrast filled column of the left atrial appendage along 
the left anterior and inferior aspect of the device at 2-3 o’clock 
position which is continuous with the contrast filled column of 
the left atrium through a narrow neck of 5 x 6 mmis concerning 
for small peri device leak. Angiogram depicting contrast filling
the LAA accessory lobe adjacent to the Watchman device with 
deployment of Amplatzer vascular plug in the same, C and D. 
CT with contrast 2 months post procedure depicting excellent 
result- closure of the lobe with 10mm Amplatzer vascular plug, 
E and F.
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Introduction
Catheter ablation is an increasingly used procedure to treat 

atrial fibrillation (AF)1 and recently, a novelnon-thermal ablation 
modality, Pulse Field Ablation (PFA), has been introduced in 
clinical practice2,3. During PFA, electrical pulses are applied to the 
myocardium,inducing a destabilization of the cell membrane, and 
then leading to the formation of nanoscale pores that culminate in 
cell death; this phenomenon is called electroporation2,3.

AF is responsible for about a quarter of ischemic strokes1, and 
closure of the left atrial appendage (LAA) is an alternative non-
pharmacologic anti-thrombotic strategy in patients who have 
contraindications to oral anticoagulants (OACs) or patients with 
thrombo-embolic events, despite adequate OAC, after other plausible 
causes (e.g. carotid disease) have been excluded4,5.

Several articles in the literature describe the feasibly and the safety 
of combined thermal AF ablation and LAA closure, but there is no 
information available on combined PFA and LAA closure.

We present the case of a patient with persistent AF with multiple 
recurrences of ischemic stroke despite adequate therapy with OACs, 
who underwent transcatheter ablation by PFA (FARAPULSE™ 
PFA System, Boston Scientific) combined with simultaneous 
WATCHMAN FLXTM (Boston Scientific, Marlborough, MA) 
implant and prophylactic use of a cerebral protection system 
(SENTINELTM, Boston Scientific, Santa Rosa, CA).

Clinical case
A 64-year-old male was admitted to the Cardiology Department of 

our hospital to undergo catheter ablation of longstanding persistent 
AF and simultaneous LAA closure. 

His past medical history was notable for a bi-hemispheric stroke 
seven yearsearlier, for which he received systemic thrombolysis. At 
the time, the 12-lead ECGrevealed afirst-diagnosed AF, while the 
echocardiogram was normal. He was prescribed warfarinand did well 
for 5 years; two attempts with electrical cardioversion to restore sinus 
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Abstract
Recently, a novelnon-thermal atrial fibrillation (AF) ablation modality, Pulse Field Ablation (PFA), has been introduced in clinical practice. 

Nowadays there is no information available on combined PFA and left atrial appendage (LAA) closure, despite several articles in the literature 
describe the feasibly and the safety of combined thermal AF ablation and LAA closure.

We report the first experience of combined AF PFA and LAA closure with cerebral protection system use in a patient at high risk of cardio-
embolic stroke (with multiple recurrences of ischemic stroke despite adequate anticoagulant therapy), thus showing that the procedure is 
safe and feasible.

Furthermore, PFA considerably reduces procedural times making the combined procedure, which is usually lengthy, shorter.
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rhythm have been tried without success during these years.However, in 
the last two years, there were multiple recurrences of transient ischemic 
attack (TIA) and ischemic stroke despite adequate anticoagulant 
therapy (warfarin first, then dabigatran and rivaroxaban). The other 
possible causes of ischemic recurrences (carotid artery disease, patent 
foramen ovale, systemic thrombophilias) wereall excluded.

During the ablation phase of the procedure, we decided to use 
PFA. The procedure was carried out under general anaesthesia and 
oro-tracheal intubation, with uninterrupted oral anticoagulation 
with rivaroxaban and intravenous continued heparininfusion tirated 
on ACT (Activated Clotting Time). TEE monitoring was performed 
at the beginning of the procedure, and revealed an intense smoke 
effect in the left atrium(LA) and LAA (Figure 1);accordingly, the 
right radial artery was accessed using the Seldinger technique, and a 
GLIDESHEATHSLENDERhydrophilic coated introducer sheath 
was inserted into the vessel. Next, the SENTINELTM cerebral 
protection device was advanced to the aortic arch and positioned 
at the level of the brachiocephalic and left carotid arteries under 
fluoroscopy guidance(Figure 1).

Theintracardiac echocardiography (ICE) (ACUSON AcuNav 
Ultrasound Catheter, Siemens) was placed through the femoral 
veininto the right atrium to facilitate transseptal puncture, check the 
contact between the ablation catheter and the pulmonary vein (PV) 
antrum, and assist the procedure.

A single transseptal puncture was performed and the ablation 
catheter (Farawave, Pulsed Field Ablation catheter) was introduced 
into the LA via FARADRIVE™ Steerable Sheath.

The Farawave catheter has 5 splines, each containing 4 electrodes, 
and it can be deployed in either a flower petal or basket configuration. 
For the biphasic waveforms, the generator output is set at 2,000 V 
per application.

The catheter was rotated between applications to ensure coverage 
of the entire antrum and ostia of each PV. ICE imaging and 
fluoroscopy were used to optimize PFA catheter positioning at the 

PV ostia (Figure 2). For each PV, 4 two-second applications were 
delivered in basket configuration and 4 in petal flower configuration; 
after completion, the antral electrical isolation of the 4 PVs was 
confirmed by documenting exit block by pacing maneuvers. Finally, 
sinus rhythm was restored by electrical cardioversion with single 200J 
synchronized shock.

Afterwards, a double-curve WATCHMAN access sheath was 
introduced into the LAunder continuous TEE and ICE monitoring. 
A 24 mm LAA closure device (WATCHMAN FLXTM) was 
successfully deployed in the LAA with a single attempt, without 
dislocation. No leakage was documented at the TEE and fluoroscopy 
check (Figure 3). At the end of the procedure, the cerebral protection 
device was successfully retracted and one little thrombus was noted 
to be collected within the SENTINEL device (Figure 3). The patient 
was extubated and awoke from anesthesia without any neurologic 
deficits or evidence of systemic thromboembolism.

Discussion 
To the best of our knowledge, we report the first experience of 

combined AF PFA and LAA closure with cerebral protection system 
use in a patient at high risk of cardio-embolic stroke, thus showing 
that the procedure is feasible.

Compared with thermal AF ablation, PFA is associated with 
shorter procedural times; therefore, PFA use in AF catheter ablation 
and LAA closure combined procedure (that takes a long time) can 
considerably reduce the total procedural time.

Figure 1:

Intra-procedural transesophageal echocardiography showing an 
intense smoke in the left atrium and left auricle appendage (A). 
To prevent cerebral embolization, a cerebral protection system 
(SENTINELTM)is advanced from the right radial artery to the 
aortic arch and positioned with its ‘’baskets’’ at the level of the 
brachiocephalic (BA) and left carotid arteries (LCA) (B).

Figure 2:

The FARAWAVETM Pulse Field Ablation catheter may be used 
in the ‘’flower’’ (A, C) and ‘’basket’’ (B, D) configurations. 
furthermore, ICE and coronary sinus catheters are shown in the 
first two figures. The first figure (A) is a left anterior oblique (LAO) 
11° view and the PFA catheter is in ‘’flower’’ configuration, at 
the left superior pulmonary vein (LSPV) ostium. The second 
figure (B) is a LAO 16° view and the PFA catheter is in ‘’basket’’ 
configuration at the right superior pulmonary vein (RSPV) 
ostium. C and D show the corresponding ICE images. In our 
experience, ICE was crucial to obtain a better catheter contact 
with the pulmonary vein.
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In several PFA studies with 1-year follow-up (IMPULSE 
[NCT03700385], PEFCAT[NCT03714178], and PEFCATII 
[NCT04170621]), only one patient experienced a TIA post ablation, 
and there were no strokes3. Although PFA is a safe procedure 
relatively to thromboembolic risk, some patients have an especially 
high-risk profile in addition to the intrinsic one of the catheter 
ablation and LAA closure combined procedures6,7. 

 
The presented patient had relapsing strokes/TIAs despite 

appropriate OAC therapy, and an intense smoke effect was 
demonstrated in LAA and LA at TEE, prompting us to use the 
cerebral protection system (SENTINELTM); at the end of procedure, 
there was evidence of small debris in the system. Whether the use of 
the cerebral protection systemduring AF catheter ablation is useful 
has not been proven yet, and we need to wait for the completion of 
an ongoing trial (NCT04685317) to solve this issue.

Our preliminary experience seems to suggest that combined AF 
PFA and LAA is feasible and may allow rapid completion of the 
procedure, similar to what was previously shown with cryoablation 
8. Whether the use of PFA may be preferable to thermal ablationin 
terms of procedural time, risk of complications, and long-term 
efficacy deserves further study.
 
Conclusions

We report the first European case of AF PFA combined with 
simultaneous LAA closure with WATCHMAN FLXTM and 
prophylactic cerebral protection system use to prevent cardio-
embolic stroke in a patient with persistent AF and high ischemic 
risk, showing the feasibility of such an approach.
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Figure 3:

The left atrial appendage closure device (WATCHMAN 
FLXTM) is placed under fluoroscopy and transoesophageal 
echocardiography view. After being placed in left atrial 
appendage, to check its stability and before it is left 
there, WATCHMAN FLX is subjected to a tension stress 
(red arrow) (A). Subsequently, with the device still 
anchored, we documente absence of iodinated contrast 
media leakage from the sheath (B). At the end of the 
procedure, after cerebral protection system retraction, 
a millimetric (3mmx1mm, yellow arrows) thrombus is 
documented in left carotid basket (C). 
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Introduction
Patient is a 65-year-old pleasant lady with a medical history of 

symptomatic persistent atrial fibrillation associated with tachycardia 
induced cardiomyopathy. Her initial left ventricular function was 25% 
and she was started on short term amiodarone. After 3 months being on 
antiarrhythmic drug therapy, she was cardioverted and maintained sinus 
rhythm with recovery of her left ventricular function. Pulmonary vein 
isolation was performed under general anesthesia without interruption 
of her anticoagulation with Eliquis. Following dual transeptal access 
and heparinization with a target ACT of 350-400, an Advisor HD 
Grid™ mapping catheter (Abbott, MN) was advanced to the left 
atrium (LA) for reconstruction of the LA geometry. A D-F curve 
TactiCathSE™ contact force ablation catheter (Abbott, MN), was 
advanced to the LA and point by point ablation was performed with 
wide area circumferential ablation (WACA) of the pulmonary vein 
(PV) antrum with a target LSI of 5 anteriorly and 3.5 to 4 posteriorly 
near the esophagus at 40W. First pass isolation was noted from the left 
PV. Though first pass isolation was noted upon completion of the right 
pulmonary veins, early reconnection was noted. The location of the 
acute reconnection was identified by the Abbott EnSite Precision™ 3D 
mapping system utilizing the Advisor HD Grid™ catheter and EnSite 
LiveView™ software. Signals annotated within the 3D mapping 
system from the Advisor HD Grid™ placed the acute reconnection on 
the anterior/ inferior aspect of the RIPV demonstrated by the earliest 
activation which is white in color on EnSite LiveView™ displayed on 
the red spline of HD Grid D3-4 (Figure 1a and 1b).  The annotation 
of signal data utilized the EnSite Precision™ absolute dv/dt algorithm. 
High density mapping data consistently suggested the anterior/inferior 

location of the gap, yet the High Frequency Algorithm (HFA) from the 
BioSig Technologies PureEp™ System suggested that the conduction 
gap existed in the region of the anterior carina on the blue spline of HD 
Grid A4-B4 & B4-C4 (Figure 1a and 1c). The difference between the 
location identified by the 3D map and HFA directed location of the 
reconnection was approximately 1cm.  The real time HFA analysis of 
the signals from the Advisor HD Grid™ displayed early and consistent 
high frequency content across the entire atrial activation period and 
was selected as the primary target for ablation therapy.  Placement of 
a single lesion within the area near electrode B4 as identified by HFA 
resulted in immediate isolation of the RIPV.  The area identified by 
EnSite LiveView™ was not targeted for ablation as the PV remained 
isolated at the end of the case.  The EnSite Precision™ mapping system 
may also utilize first deflection from baseline as a detection algorithm.  
Offline review with the first deflection algorithm upon completion of 
the case also was unable to detect the true gap location despite the use 
of the maximum available sensitivity setting.

Discussion
Identification of ablation gaps during PVI can be challenging 1,2. 

Annotation of traditional bipolar signal morphologies may not detect 
high frequency, low amplitude gap potentials (Figure 2a).  Many 
mapping annotation algorithms base signal detection upon the absolute 
peak of the bipolar signal, peak negative dv/dt of the unipolar tracing 
3, or in this case, a combination of absolute peak and slope on the 
bipolar channel (abs dv/dt).  The Pure EP™ High Frequency Algorithm 
analyzes and displays pre-Fourier Transform frequency data between 
200Hz and 1kHz from any bipolar channel.  Higher frequency data 
collected by the bipolar pair results in a higher amplitude deflection on 
the HFA channel for the selected channel.  HFA is designed to ignore 
low frequency data which falls below 200Hz and incorporates a brief 
blanking period to display discrete activation in the presence of fused 
electrograms.  The presence of high frequency data can be seen clearly 
on the HFA channel assigned to each bipolar tracing (Figure 2b). 
This same high frequency content may not produce a high amplitude 
electrogram with a near-field appearance on the traditional bipolar 
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Figure 1:

Figure 1a and b: Signals annotated within the 3D mapping system from the Advisor HD Grid™ demonstrating earliest activation which 
is white in color on EnSite LiveView™, noted on the red spline of HD Grid D3-D4 along the anterior inferior aspect of the right inferior 
pulmonary vein. Figure 1c: High Frequency Algorithm (HFA) from the BioSig Technologies PureEp™ System demonstrating earlier and 
consistent high frequency signal across the entire atrial activation period, suggesting the true conduction gap existing in the region of 
the anterior carina on the blue spline of HD Grid A4-B4 and B4-C4.

Figure 2:

Figure 2a: Conventional mapping annotation algorithms often base signal detection upon the absolute peak of the bipolar signal or peak 
negative dv/dt of the unipolar tracing (3).  In this case, a combination of absolute peak and slope on the bipolar channel (abs dv/dt) 
was selected for point timing annotation. In this setting, the data from HD Grid D3-D4 was continuously annotated as the gap location. 
Figure 2b: The High Frequency Algorithm analyzes data from each bipolar pair and displays a waveform when detected frequencies in 
the range of 200Hz-1kHz are present.  High frequency content was present for pairs A4-B4 and B4-C4 that preceded detection on the 
traditional bipolar configuration for these electrodes.  
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tracing.  The early and consistent high frequency content displayed by 
HFA was more sensitive in the identification of the pulmonary vein 
gap than the standard annotation of bipolar tracings. 
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Imaging in EP
Sinus rhythm maintenance has been shown to be superior to rate 

control in atrial fibrillation (AF) regarding not only symptom control 
but prognosis as well1. Surgical ablation is a valid and effective option 
superior to pharmacotherapy in achieving long-term rhythm control 
in patients requiring concomitant cardiac surgery2,3. 

Herein we present the case of a 53-year-old female patient with 
a neglected large septum secundum defect that presented to our 
clinic with symptoms of deteriorating right heart failure, as well as 
long standing persistent AF. Surgical plan involved a thoracoscopic 
cryothermic biatrial Cox-Maze IV procedure, along with tricuspid 
annulus and atrial septal repair, as well as left atrial appendage exclusion. 
The patient provided written informed consent and International 
Review Board approved our hybrid surgical protocol.

Per hospital protocol regarding surgical and hybrid ablations, three-
dimensional substrate electroanatomical mapping – 3D-EAM (Carto 
3v.7, J&J, New Brunswick, NJ, U.S.A.) of both atria was acquired in 
the operating room immediately prior to the surgery and following 
successful cardioversion to sinus – patient was on amiodarone for the 
preceding month. Unexpectedly, voltage mapping revealed normal 
atrial substrate. Ablation lines involved are depicted in Figure 1 and 
involved (online video) lesions along the crista terminalis, at the base 

of both appendages, along the coronary sinus and the left isthmus, as 
well as the formation of a box lesion encompassing the posterior left 
atrial wall. An AtriClip PRO-V device (AtriCure, Mason, OH. U.S.A.) 
was used to occlude the left appendage, bovine pericardium was used 
to correct the interatrial septum defect, whilst the tricuspid annulus 
was plicated using a standard technique.

During the first two-and-a-half months of the blanking period, 
patient suffered a persistent left atrial tachycardia spontaneously 
converted to sinus rhythm. A repeat 3D-EAM procedure was 
performed in the context of standard hospital protocol to evaluate 
ablation lesion durability, as well as, in view of patient’s course, to 
potentially ablate the tachycardia circuit. Notably, persistent isolation 
of arrhythmogenic foci was evident since the (ablated) posterior atrium 
(posterior wall and pulmonary vein antra) was fibrillating while the 
septum and anterior wall were on sinus (Figure 2 – appendage was 
inaccessible postoperatively). Despite burst atrial pacing from sites on 
sinus rhythm, no arrhythmia was induced. Finally, on the right atrium, 
a line of block was detected along the crista terminalis lesion (Figure 
3– dual-timed electrograms along the mapping catheter arms) along 
with superior vena cava isolation and cavotricuspid isthmus block.

Our case highlights the feasibility of combining 3D-EAM and 
thoracoscopic surgical AF ablation, while the observed spontaneous 
conversion to sinus is a testament to a lege artis procedure. Remapping 
the atria postoperatively, in a sequential hybrid approach, is advisable 
to ascertain effective lesion formation, as well as to assess/ablate any 
remaining arrhythmogenic substrate.
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Figure 1: Box and ridge lines as well as right atrial appendage line as part of the thoracoscopic cryothermic biatrial Cox-Maze IV procedure

Figure 2:

A pentaspline catheter is located at the fibrillating posterior wall proving persistent isolation of the posterior wall and the pulmonary 
vein antra was while the decapolar catheter inside the coronary sinus depicts sinus rhythm (LSPV = left superior pulmonary vein, LIPV 
= left inferior pulmonary vein, RSPV = right superior pulmonary vein, RIPV = right inferior pulmonary vein, CS = coronary sinus, ECG = 
electrocardiogram, AF = atrial fibrillation)
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Figure 3: A line of block is detected along the crista terminalis lesion on the right atrium, based on the presence of dual-timed electrograms along 
the pentaspline mapping catheter arms (CS = coronary sinus, ECG = electrocardiogram). 



Unusual Finding in Atrial Fibrillation Ablation
Juan Carlos Zerpa Acosta1, Cibele Matsuura De Oliveira1, Jose Carlos Pachon Mateos1

1Hospital do Coração São Paulo, Brazil

Corresponding Author
Juan Carlos Zerpa Acosta, M.D

Key Words
Atrial Fibrillation; Hiatal hernia; Ablation; Esophageal Injury

Hiatal hernia (HH) causes protrusion of abdominal content into the 
chest. A relation to atrial fibrillation has been described, considering 
increased predisposition to atrial arrhythmogenesis caused by an 
uncertain mechanism. External compression or mechanical irritation 
of the atria, autonomic neural connections and inflammatory process 
has been hypothesized, and may increase the risk for atrial fibrillation 
in 7% (AF)1.

We present a case with diagnosis of hiatal hernia; this finding 
was discovered during the initial evaluation for atrial fibrillation 
(AF) ablation. Observing an unusual trajectory and position of 
the temperature probe. Atrio-esophageal fistula is the most feared 
complication in AF ablation, esophageal displacement is a mandatory 
practice in our department2, however, was impossible in this patient 
due to anatomical variations. Left pulmonary veins isolation was 
contraindicated.Further image analysis and thoracic CT confirmed 
gastric body and fundus within the intrathoracic hernia sac, type 
3HH (Hill´s classification).
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Figure 1:

Question: Where is the temperature probe? Fluoroscopy 
PA view. Trans esophageal echo probe (TEE), Duodecapolar 
catheter right atrium / coronary sinus (RA / CS) Temperature 
probe (Temp probe).  
Answer: Esophagus.

Figure 2:

A) Fluoroscopy PA view: Trans esophageal echo probe (TEE), 
Duodecapolar catheter right atria / coronary sinus (RA / CS) 
Temperature probe (Temp probe).  B) X-Ray PA view air fluid 
levels of gastric body and fundus. C) Thoracic computed 
tomography (CT) Relation of the left atria and left pulmonary 
veins to Hiatal hernia and stomach. D) Thoracic computed 
tomography (CT) showing thoracic abdominal content: stomach 
and mechanical compression of the inferior left atrium.

Figure 3: X-ray PA view. Visible air fluid levels of gastric body and fundus.


