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Introduction
Catheter ablation is an established effective therapy for atrial 

fibrillation (AF). However, a number of patients require repeat ablation 
procedures due to recurrence of atrial tachyarrhythmias.Reduced 
amplitude on atrial endocardial electrograms correlates with atrial 
scarring as detected by delayed-enhancement magnetic resonance 
imaging.1 The prevalence of left atrial low-voltageareas (LVAs) is 
strongly associated with the recurrence of atrial tachyarrhythmias, 
and adding guided ablation of LVAs improves procedural outcomes 
compared to pulmonary vein isolation (PVI) alone.2-5

Brain natriuretic peptide (BNP)is released by the heart in response to 
myocardial tension and increased intravascular volume,and is a reported 
biochemical marker of high left ventricular end-diastolic pressure,6 
reflective of left atrial pressure. Elevated left atrial pressure is associated 
with LVA prevalence.7-8 A preliminary study showed that BNP levels 

were increased in AF patients and was associated with greater risk of 
AF recurrence after catheter ablation.9 To our knowledge, however, 
the association between BNP and LVA prevalence has not been fully 
clarified. 

The objective of this study was to investigate the association between 
BNP levels and the prevalence of LVAs.

Methods
Patients 

From December 2014 to January 2016, we retrospectively enrolled 
183 consecutive AF cases of initial ablation at our hospital. Serum 
BNP levels were measured one day before and 6 months after 
ablation. Patients who could not maintain sinus rhythm after electrical 
cardioversion followed by PVI were excluded. Other exclusion 
criteria were age <20 years,severe coronary artery disease requiring 
revascularization, left atrial thrombus, and prior catheter ablation of 
AF. Patients with decompensated heart failure,such as pulmonary 
edema, were also excluded. This study complied with the Declaration of 
Helsinki. Written informed consent for the ablation and use of data in 
this studywas obtained from all patients, and the protocol was approved 
by our Institutional Review Board.
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Abstract
Backgrounds: The prevalence of residual left atrial low-voltageareas (LVAs) is associated with atrial fibrillation (AF) recurrence after 

pulmonary vein isolation. Brain natriuretic peptide (BNP) may be increased in AF patients and may raise AF recurrence risk after catheter 
ablation.We investigated the association between BNP and the prevalence of LVAs.

Methods:  One hundred and eighty three consecutive AF caseswere retrospectively enrolled that underwent initial ablation for AF (persistent 
AF, 82 [45%] patients). Serum BNP was measured before ablation and the natural logarithm of BNP (log-BNP) was calculated. Low-voltage 
points were defined as sites with left atrial electrogram amplitude <0.5 mV. LVAs were defined as regions with ≥5% low-voltage points across 
the total surface area of the left atrium. 

Results: Of the 183 patients, 38 (21%) had LVAs. Patients with LVAs demonstrated higher log-BNP(4.8±0.9vs. 3.9±1.2, P<0.001). The 
optimal cut-off value of log-BNP was 4.4, which was equivalent to 81 pg/mL of BNP. LVAs were more frequent in patients with higher log-BNP. 
In multivariate analysis, log-BNP>4.4 was an independent predictor of LVAs(odds ratio 2.7 [95% confidence interval 1.01–7.1], P=0.048).
Freedom from AF recurrence was significantly lower in patients with than without high log-BNP (P=0.007).

Conclusions: BNP correlated with the prevalence of left atrial LVA sand AF recurrence in patients with AF undergoing catheter ablation.
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Radiofrequency Catheter Ablation Procedure
Electrophysiological studies and catheter ablation were performed 

under local anesthesia and intravenous sedation with dexmedetomidine 
and thiamylal sodium, with the latter performed by two experienced 
operators. A 6-Fr decapolar electrode was inserted into the coronary 
sinus, while another 6-Fr decapolar electrode was placed in the 
right atrium. Followinga transseptal puncture at the fossa ovalis, we 
introduced two or three long sheaths into the left atrium using a single 
transseptal puncture techniqueunder intracardiac echocardiographic 
guidance. A 20-pole circular catheter was placed at the pulmonary 
veins via long sheaths. Electrical cardioversion was performed in cases 
with persistent AF. Ablation and mapping were then performed under 
guidance from an electroanatomical mapping system (Carto3; Biosense 
Webster, Diamond Bar, CA, USA). Circumferential ablation around 
both ipsilateral pulmonary veins was performed using a dragging 
technique. 

An open-irrigated ablation catheter with a 3.5-mm tip (Thermocool 
SmartTouch™ catheter; Biosense Webster) was used via an Agilis™ 
or Swartz™ Braided SL0™ Transseptal Guiding Introducer Sheath 
(St. Jude Medical, Minnetonka, MN, USA). Radiofrequency energy 
was applied for 30 s at each site using a maximum temperature of 
42°C, maximum power of 35 W, and flow rate of 17 mL/min. At the 
posterior wall near the esophagus, the duration of the radiofrequency 
energy delivery was limited to 15 s. Operators attempted to maintain 
contact force values between 10 and 30 g to ensure an appropriate 
degree of contact between the catheter and myocardium. PVI was 
considered complete when the 20-pole circular catheterceased 
recording pulmonary vein potentials.If atrial flutter was induced by 
atrial burst stimuli or occurred spontaneously, additional ablation was 
performed. AF triggers originating from non-pulmonary-vein foci 
induced by isoproterenol infusion were also ablated.

Voltage Mapping
Following PVI, detailed voltage mapping using a bipolar 3.5-mm 

tip catheter was performed during sinus rhythm using methods we 
described previously.3 Mapping points were acquired to fill all color gaps 
on the voltage map using the electroanatomical mapping system with 
an interpolation threshold of 15 mm for the fill threshold and 23 mm 
for the color threshold. High-density mapping was additionally added 
at sitesof recorded LVAs to exactly delineate their extent. Adequate 
endocardial contact was confirmedby increased contact force values 
of ≥5 g, the distance to the geometry surface, and stable electrograms. 
The band pass filter was set at 30–500 Hz and each acquired point 
was classified according to thepeak-to-peak electrogram as follows: 
>0.5 mV, healthy; 0.2–0.5 mV, diseased; and <0.2 mV, scarred.Low-
voltage points were defined as sites with ≥3 adjacent points of <0.5mV 
as per our previous study.3 LVAs were defined as regions with ≥5%
low-voltage points across the total surface area of the left atrium. The
target number of mapping points was >100 points throughout the left 
atrium.Similar to our previous study, the left atrium was divided into
six segments: antero-septal, posterior, roof, inferior, and posterolateral.3

Representative cases are shown in Figure 1.

Followup
Long-term rhythm outcomes were followed for 24 months in 

181 patients. Two patients were lost to followup. Followup of the 

patients was performed as routine visits, usually every 3 months in 
the first year and every 6 months thereafter. Patients who could not 
visit our hospital were contacted by a physician and asked about their 
symptoms. A twelve-lead electrocardiogram was performed at each 
routine consultation and Holter electrocardiography was performed 
6 months after the procedure.AF recurrence was defined as atrial 
tachyarrhythmias lasting>30 s ≥90 dafterthe procedure.

Figure 1:

Representative electroanatomical maps from patients with or 
without LVAs.
(A) A patient without LVAs with low log-BNP (1.4, equivalent to 4
pg/mL of BNP). 
(B) A patient with LVAs in the antero-septal, posterior, roof,
inferior, and posterolateral regions of the left atrium with high
log-BNP (5.2, equivalent to 186 pg/mL of BNP). Anterior-posterior 
view (left), posterior-anterior view (right).

LVAs: low-voltage areas, log-BNP: natural logarithm of brain natriuretic peptide, BNP: brain 
natriuretic peptide.

Figure 2:

Association between brain natriuretic peptide and the prevalence 
of LVAs 
(a) LVAs are more frequently observed in patients with higher
brain natriuretic peptide levels. 
(b) Receiver operating characteristic curve analysis reveals that
brain natriuretic peptide is a good predictor of the prevalence of
LVAs. The tangent (dotted line) to the curve intersects at a point
corresponding to the cut-off value (asterisk).

log-BNP: natural logarithm of brain natriuretic peptide, BNP: brain natriuretic peptide, LVAs: low-
voltage areas, AUC: area under the curve.
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requiring permanent pacemaker implantation, andatrio-esophageal 
fistula were not observed. 

LVAs
Left atrial voltage mapping was completed in all cases, with a mean 

number of acquired mapping points of104±23 per case. LVAs were 
identified in 38 (21%) cases. Of these, the totalarea withlow-voltage 
was 11.5 (8.5–20.3) cm2, the total area on the left atrial surface was 
91.3 (78.0–107.0) cm2, and the proportion of areas with low-voltage 
on the left atrial surface was 11.6% (8.3–18.9%).There was significant 
correlation between the area on the left atrial surface and total area 
with low-voltage (r = 0.25, p < 0.001). LVAs were present in the antero-
septum,posterior, roof, inferior, and posterolateral segmentsin 57 (31%), 
16 (15%), 19(16%), 8(6%), and 7(4%)patients, respectively.

BNP andLVAs
Patients with LVAs demonstrated higher BNP levels (138 (82-

213) vs. 55 (23-119) pg/mL, P< 0.001)and log-BNP values(4.8 ± 
0.9 vs. 3.9 ± 1.2, P< 0.001) than those without LVAs (Table 2). There 
was significant correlation between area on the left atrial surface and 
BNP levels (BNP, r = 0.28, p < 0.001; log-BNP, r = 0.35, p < 0.001). 
ROC curve analysis revealed that log-BNPwas a good predictor of 
the prevalence of LVAs (area under the curve, 0.728) (Figure 2b). The 
optimal cut-off value of log-BNPwas 4.4, which was equivalent to 81 
pg/mLof BNP, corresponding to 76.3% sensitivity, 62.1% specificity, 
and 65.0% predictive accuracy.

Log-BNP was consistently higher in patients with LVAs than in 
those without LVAs, irrespective of the absence or presence of a history 
of heart failure (with heart failure, 5.3 ± 0.8 vs. 4.4 ± 1.0, P = 0.03; 
without heart failure, 4.7 ± 0.8 vs. 3.9 ± 1.2, P< 0.001).

Impact of ablation on BNP
Overall, log-BNP decreased after ablation (baseline, 4.2 ± 1.1; 6 

months after ablation, 3.6 ± 1.0, P < 0.001). Moreover, log-BNP was 
reduced irrespective of AF recurrence and the prevalence of LVAs, 
except for patients without LVAswith AF recurrence (Figure 3). 

Statistical Analysis
Continuous data are expressed as the mean ± standard deviation. 

Categorical data are presented as absolute values and percentages. Tests 
for significance were conducted using the unpaired t-test, paired t-test 
or Mann-Whitney test for continuous variables and the chi-squared 
test for categorical variables.The natural logarithm of BNP (log-BNP) 
was calculated to follow a normal distribution. Pearson’s correlation 
analysis was performed to analyze the correlation between area on 
the left atrial surface and BNP or total area with low-voltage.We also 
performed receiver operating characteristic curve (ROC) analysis 
between log-BNPand the prevalence of LVAs. Kaplan-Meier analysis 
and the log-rank test were performed to investigate the association 
between recurrence of atrial tachyarrhythmia and the prevalence of 
LVAs. Univariate and multivariate logistic regression analyses were 
used to determine the clinical factors associated with the prevalence 
of LVAs. Variables with a P value ≤ 0.05 in the univariate models were 
included in the multivariate analysis. All analyses were performed using 
commercial software (SPSS, SPSS, Inc., Chicago IL, USA).

Results
Patient Characteristics

Patient characteristics are shown in Table 1. Of the 183 patients 
in this study, 23 (13%) had a past history of heart failure: 19 (10%) 
patients had heart failure with a preserved ejection fraction (left 
ventricular ejection fraction ≥50%) and 4 (2%) had heart failure with 
a reduced ejection fraction (left ventricular ejection fraction <50%).
The presumed causes of heart failure were tachycardia-induced 
cardiomyopathy (11 patients), ischemic cardiomyopathy (3 patients), 
dilated cardiomyopathy (2 patients), hypertrophic cardiomyopathy 
(2 patients), valvular heart disease (2 patients), and other (3 patients).

PVI was successfully completed in all cases. We performed the 
following additional ablations: cavo-tricuspid isthmus linear ablation 
in 24 patients, left atrial linear ablation in 7 patients, superior vena 
cava isolation in 5 patients,premature atrial contraction or focal atrial 
tachycardia ablation originating from lesions other than the pulmonary 
vein or superior vena cava in 4 patients, and ablation of other lesions in 6 
patients. Complications such as cardiac tamponade, stroke, bradycardia 

Figure 3:

Change in log-BNP before and 6 months after AF ablation
(A) Among patients without AF recurrence at 6 months, log-BNP 
is significantly decreased in patients with and without LVAs. 
(B) Among patients with AF recurrence, log-BNP is significantly 
decreased in patients with LVAs.

log-BNP: natural logarithm of brain natriuretic peptide, AF: atrial fibrillation, LVAs: low-voltage areas

Figure 4:

Freedom from AF recurrence in patients with or without LVAs and 
high brain natriuretic peptide
Freedom from AF recurrence is significantly lower in patients 
with high brain natriuretic peptide and those with LVAs than in 
patients without high brain natriuretic peptide and without LVAs, 
respectively. 

¶ This level of log-BNP is equivalent to 81 pg/mL of BNP.
log-BNP: natural logarithm of brain natriuretic peptide, AF: atrial fibrillation, LVAs: low-voltage areas
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smay be explained by the link between BNP and several factors that can 
cause atrial fibrosis and decrease endocardial voltage. First,increased 
left atrial wall stress caused by volume or pressure overload in the 
left ventricle and atrium can lead to left atrial fibrosis and BNP 
elevation.6 Second, neurohormonal abnormality is a well-recognized 
cause of myocardial fibrosis and has been shown to promote BNP 
secretion.10 Third, AF burden is associated with atrial fibrosis and BNP 
elevation,11-12 although the causal relationship between these factors 
has not been established. Finally, aging is also a factorassociated with 
promoting myocardial fibrosis,13 and elderly people exhibit higher 

Table 1: Characteristics of patients with and without high BNPa

Variable All (n= 
183)

Log-BNP P value

> 4.4b (n= 84) ≤ 4.4b  (n= 99)

Age, years 67±9 69±8 65±10 < 0.001

Female, n (%) 49 (27) 24 (29) 25 (25) 0.61

Body mass index, kg/m2 24±3.8 23±3.6 24±3.9 0.10

CHA2DS2-VASc score 2.3±1.4 2.6±1.4 2.1±1.5 0.02

Persistent AFc, n (%) 82 (45) 56 (67) 26 (26) < 0.001

Congestive heart failure, n (%) 23 (13) 15 (18) 8 (8) 0.047

Hypertension, n (%) 110 (61) 49 (58) 61 (62) 0.65

Diabetes mellitus, n(%) 27 (15) 15 (18) 12 (12) 0.28

Brain natriuretic peptide, pg/mL 73 (27-
152)

159 (109-227) 30 (17-51) < 0.001

Log-brain natriuretic peptide 4.1±1.2 5.1±0.5 3.2±0.8 < 0.001

eGFRd, mL/min/1.73m2 81±24 68±15 58±14 < 0.001

Left ventricular diastolic 
diameter, mm

47±5 47±6 47±5 0.50

Left ventricular ejection 
fraction, %

64±9 63±10 65±7 0.07

Left ventricular mass index, 
g/m2

97±88 92±25 101±117 0.54

Left atrial diameter, mm 39±7 41±7 37±7 < 0.001

Mitral regurgitation ≥ mild, n (%) 52 (28) 34 (41) 18 (18) 0.001

Table 2: Predictors of LVAsa

Variable All 
(n=183)

LVAs Univariate analysis Multivariate 
analysis

With
(n= 38)

Without
(n=145)

ORe [95% 
CIf]

P 
value

OR [95% 
CI]

P 
value

Age, per 
10-year 
increment

6.7±0.9 7.1±0.7 6.6±1.0 2.2 [1.3, 
3.7]

0.002 2.1 [1.1, 
3.8]

0.02

Female, n (%) 49 (27) 18 (47) 31 (21) 3.3 [1.6, 
7.0]

0.002 5.5 [2.1, 
15]

0.001

Body mass 
index, kg/m2

24±3.8 23±3.6 24±3.8 0.9[0.8, 
1.04]

0.19 - -

CHA2DS2-
VASc score

2.3±1.4 3.0±1.6 2.1±1.4 1.5[1.2, 
2.0]

0.002 - -

Persistent 
AFb, n (%)

82 (45) 25 (66) 57 (39) 3.0[1.4, 
6.3]

0.004 4.0 [1.4, 
11]

0.01

Congestive 
heart failure, 
n (%)

23 (13) 9 (24) 14 (10) 2.9[1.1, 
7.4]

0.03 - -

Hypertension, 
n (%)

110 
(61)

23 (61) 87 (60) 1.02 [0.5, 
2.1]

0.95 - -

Diabetes 
mellitus, n(%)

27 (15) 5 (13) 22 (15) 0.8 [0.3, 
2.4]

0.76 - -

Log-brain 
natriuretic 
peptide

4.1±1.2 4.8±0.9 3.9±1.2 2.4 [1.6, 
3.6]

< 
0.001

- -

Log-brain 
natriuretic 
peptide>4.4c, 
n (%)

84 (46) 29 (76) 55 (38) 5.3 [2.3, 
12]

< 
0.001

2.8 [1.01, 
7.1]

0.048

eGFRd, per 
10mL/
min/1.73m2 
increment

8.1±2.4 5.9±1.2 6.5±1.6 0.8 [0.8, 
0.9]

< 
0.001

1.02 [0.7, 
1.4]

0.91

Left 
ventricular 
diastolic 
diameter, 
mm

47±5 46±6 47±5 0.96 [0.9, 
1.03]

0.27 - -

Left 
ventricular 
ejection 
fraction, %

64±9 63±10 65±8 0.98[0.9, 
1.02]

0.22 - -

Left 
ventricular 
mass index, 
g/m2

97±88 88±26 99±97 0.997 
[0.99, 
1.01]

0.55 - -

Left atrial 
diameter, 
mm

39±7 41±7 39±7 1.04 [0.99, 
1.1]

0.11 - -

Mitral 
regurgitation 
≥ mild, n (%)

52 (28) 19 (50) 33 (23) 3.4 [1.6, 
7.1]

0.001 2.3 [0.95, 
5.4]

0.07

a BNP = brain natriuretic peptide. b This log-BNP level is equivalent to 81 pg/mL of BNP. cAF = 
atrial fibrillation.
d eGFR = estimated glomerular filtration rate. 
Values indicate mean ± standard deviation or median (1st quartile-3rd quartile).

Predictors of the prevalence of LVAs
Patients with LVAs were significantly older, more frequently female, 

and had persistent AF, higher CHA2DS2-VASc scores,higher log-
BNP,lower estimated glomerular filtration rate and more frequent 
mitral regurgitationthan those without LVAs(Table 2).

In the multivariate analysis, log-BNP>4.4, persistent AF, females, 
and aging were predictors of the prevalence of LVAs.

AF recurrence and BNP
During the 24-month study period, 36 patients developed AF 

recurrence. Freedom from AF recurrence was significantly lower in 
patients with LVAs than in those withoutLVAs. Freedom from AF 
recurrence was also significantly lower in patients with log-BNP >4.4 
than in those withlog-BNP≤4.4 (Figure4).

Discussion
In this retrospective observational study, we analyzed 183 cases of 

AF ablation and investigated the association between the prevalence 
of LVAs and BNP level. The main findings were as follows:(1) LVAs 
were present in 21% of the total study population; (2) LVAswere 
more prevalent in patients with high BNP; and(3) freedom from AF 
recurrence was significantlylower in patients withlog-BNP>4.4, which 
was equivalent to 81 pg/mL of BNP.

BNPand LVAs
The association between high BNP levels and the prevalence of LVA 

aLVAs = low-voltage areas, bAF = atrial fibrillation, c This level of log-BNP is equivalent to 81 pg/
mL of BNP.deGFR = estimated glomerular filtration rate, eOR = odds ratio, fCI = confidence interval.
All values indicate mean±standard deviation unless otherwise indicated.
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been biased and the results of this study should be carefully applied 
in clinical settings. Finally, statistical analyses were limited by the 
relatively small size of the study population.

Conclusions
Higher BNP levels were associated with the prevalence of left atrial 

LVAs and recurrence in AF patients undergoing catheter ablation.
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BNPlevels than younger people.14

Change in BNP level before and after ablation
Log-BNP was significantly decreased in patients without AF 

recurrence for 6 months, irrespective of the presence or absence of 
LVAs. Even in patients with AF recurrence, log-BNP was reduced in 
patients with LVAs. However, patients without LVAs who experienced 
AF recurrence did not show a reduction in log-BNP.
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Clinical implications
The prevalence of LVAs is associated with AF recurrence and the 
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invasive method for measuring BNP would enable the prediction of 
AF ablation outcomes, aid in determining theindication of catheter 
ablation and the need for additional ablations other than PVI.

Limitations
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BNP levels performed be fore the procedure may be influenced by 
short-term hemodynamics, although we did exclude hemodynamically 
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presence of ablation lesions.Third,although contact force was used to 
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On the other hand, small LVAs might have been missed due to the 
limited resolution of voltage maps. Fourth, as this was a retrospective 
study, there were some differences in patient characteristics between 
the two groups, and mean left ventricular ejection fraction and left 
atrial diameter were normal. In addition, ablation strategy and patient 
followup methods were inconsistent among patients, and we performed 
only twelve-lead electrocardiogram and Holter electrocardiography to 
diagnose recurrence of AF. As a consequence, AF recurrence may have 
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Introduction
Atrial Fibrillation (AF) is the most common cardiac dysrhythmia 1,2. 

It occurs when a premature atrial complex (PAC) triggers an ectopic 
focus of electrical activity rapidly firing from the pulmonary veins, 
coronary sinus, ligament of Marshall or other atrial tissue 1,3-5. Over 
time, this can create microfibrosis that perpetuates refractory rhythms 
6,7. Refractory cardiac rhythms are dangerous as they increase the risk 
for life threatening complications such as heart failure, thromboembolic 
events, hospitalization, and death.

AF affects approximately 6.1 million people in the United States 
(US) 1,2,8.The risk of AF increases with age, so it is estimated that 12.1 
million people in the US will have AF by 2030 3,4,8-10. Patients typically 
present with heart palpitations, irregular heart rate, light-headedness, 
extreme fatigue, dyspnea, and chest pain 8. Treatment includes 
anticoagulation to reduce the risk of embolic events like stroke, along 

with medications and/or surgical interventions like radiofrequency 
ablation to treat ectopic foci that contribute to cardiac symptoms 8. 
Risk scores have been modelled, genetic links have been investigated, 
but due to the complexity of the disease, a full understanding is still 
unfolding 1,3. Comorbidities that have been commonly associated 
with an increased the risk of AF include hypertension, valvular heart 
disease, cardiomyopathy, coronary artery disease and sleep apnea, 
or stressors such as surgery, pulmonary embolism, alcohol use and 
hyperthyroidism 1,4. Previous literature has also investigated an 
association withHelicobacter pylori(Hp) infection 7,11,12.

Although multiple risk factors for AF have been identified, the 
relative risk of these factors has not been well-documented. By 
quantifying the relative risk of comorbid conditions associated with 
AF, clinicians may have greater awareness of risk factor modification 
and screening for patients with AF so that treatment can be initiated, 
and morbidity may be reduced.

Our study quantifies the risk of commonly associated conditions and 
chronic inflammatory states with AF.
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Abstract
Background: Despite the numerous comorbidities associated with atrial fibrillation (AF), the relative risk has been varying and not well-

documented. 

Aim: To quantify the risk of diseases associated with AF.

Methods: Population-based retrospective analysis in IBM Explorys (1999-2019), an electronic database with over 63 million patients in 
the United States. Odds ratios were calculated between AF and other diseases. AF patients were also stratified by age, gender, and race to 
assess trends of AFin different demographic groups.

Results: 1,812,620 patients had AF in the database. Congestive heart failure had the highest association with AF (OR 42.95). 
Cardiomyopathy, coronary artery disease, hypertension, and myocardial infarction all had odds greater than 15. Anemia of chronic disease 
and chronic kidney disease had odds greater than 18, the highest for chronic inflammatory conditions. Other conditions commonly associated 
with AF were found to have odds less than 8, including hyperthyroidism, alcohol use, and sleep apnea. Helicobacter pylori infection had the 
lowest odds at 1.98.

Conclusion: Epidemiologic information could be integrated with current clinical algorithms to more rapidly identify patients at risk of AF.
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Methods
Study Design and Database

We performed a population-based retrospective analysis 
in the Explorys database (1999-2019), a large, nationwide, 
commercial,electronic database created by IBM Corporation, Watson 
Health (Somers, New York, United States of America 13. Explorys pools 
de-identified clinical data from electronic medical records, laboratories, 
practice management, and claims systems, and then matches this data 
using Unified Medical Language System ontologies to create unique 
patient records from 26 health care networks and 300 hospital systems 
across the United States 14. Data such as diagnoses, procedures, and 
medications are standardized according to common classification 
systems such as the International Classification of Diseases (ICD), 
Systemized Nomenclature of Medicine–Clinical Terms (SNOMED-
CT), Logical Observation Identifiers Names and Codes (LOINC), 
and RxNorm 15-17. Explorys is a password-protected web application 
that uses a gateway server which is accessible at participating 
healthcare institutions to allow individuals to search and analyze the 
aggregatedand de-identified patient data (https://popex.explorys.com) 
13. All Explorys data meets the standards of the Health Insurance 
Portability and Accountability Act (HIPPA) and Health Information 
Technology for Economic and Clinical Health (HITECH) Act. As a 
result, ethical review by our Institutional Review Board (IRB) was not 
needed because there is no identifiable information associated with 
any of the patient data. 

Study Aims
Our primary aim was to quantify the association between AFand 

numerous disease states or comorbidities that have been linked with 
an increased risk of AF.Our secondary aim was to assess the prevalence 
of AF in different demographic sub-groups including age, gender, and 
race in the Explorys database. To assess age, AF patients were stratified 
into 10 age groups by years (18-65, 65+, 20-29, 30-39, 40-49, 50-59, 
60-69, 70-79, 80-89, 90+).

Patient selection
Using the Explorys cohort definition feature, we obtained 

population-level counts of the number of patients with and without a 
diagnosis of AF. Subsequent searches were performed separately using 
AF and each comorbidity included in Table 1. Only patients over 18 
years old were included. Explorys utilizes a patient matching algorithm 
to ensure that each individual patient is only captured once in their 
lifetime within the database 18.Explorysalso can define index events in 
order to establish temporal relationships 19,20. This feature ensures that 
patients diagnosed with AF would have had one of the comorbidities 
listed in Table 1 at the time of diagnosis of AF. 

Statistical analysis
Population-level counts obtained from Explorys were arranged in 

4x4 tables in Microsoft Excel©. Odds ratios (with 95% confidence 
intervals (CI)) were then calculated to determine the relationship 
between AF along with each risk factor listed in Table 1. Corresponding 
forest plots of this data were generated based on type of comorbidity, 
as either non-inflammatory (Figure 1) or inflammatory states (Figure 
2). We assessed the prevalence of each comorbidity in atrial fibrillation 
(# patients with comorbidity / # patients with AF), listed as total count 

and percentages (Table 3). Similarly, we assessed the prevalence of atrial 
fibrillation in each comorbidity (# patients with comorbidity and AF 
/ # patients with comorbidity), listed as total count and percentages 
(Table 4). The distribution of patients identified in the database by age 
(Table 2), gender, and race was also investigated and recorded as total 
counts and percentages.

Results
At the time of analysis there were 63,656,860patients in the Explorys 

Database. Our search identified 1,812,620 (2.9%) adults (>18 years old) 
withAF. Multiple comorbidities were highly associated with AF (Table 
1). Patients with congestive heart failure (CHF) had the highest risk 
of developing AF (OR 42.95, 95% CI 42.79, 43.10). Cardiomyopathy, 
coronary artery disease (CAD), hypertension, and myocardial infarction 
all had odds greater than 15 for AF. Anemia of chronic disease and 
chronic kidney disease (CKD) had odds greater than 18, the highest 

Figure 1: Forest plots of odds ratios of comorbidities with Atrial Fibrillation

Table 1:
Odds ratio (with 95% confidence intervals) of having different 
diseases among patients with atrial fibrillation in the 63 million 
patient ExplorysDarabase. All p-values <0.0001

Comorbidity Odds Ratio Confidence Interval (95%)

Congestive Heart Failure 42.95 (42.79, 43.10)

Cardiomyopathy 29.73 (29.63, 29.89)

Coronary artery disease 23.64 (23.56, 23.72)

Hypertension 20.84 (20.76, 20.91)

Anemia of chronic disease 19.47 (19.31, 19.64)

Chronic kidney disease 18.77 (18.70, 18.84)

Myocardial infarction 17.54 (1747, 17.61)

Chronic obstructive pulmonary 
disease

13.62 (13.57, 13.66)

Pulmonary embolism 11.87 (11.78, 11.96)

Obstructive sleep apnea 7.47 (7.44, 7.50)

Rheumatoid arthritis 5.87 (5.83, 5.92)

Hyperthyroidism 5.78 (5.72, 5.83)

Inflammatory bowel disease 2.88 (2.85, 2.92)

Alcohol 2.84 (2.82, 2.86)

Helicobacter pylori infection 1.98 (1.68, 2.34)
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Non-inflammatory conditions
Previous have indicated that structural heart disease and chronic 

inflammation increase the risk of AF 1,3-4,21. Our population 
cohort analysis confirmed findings of prior studies, as CHFand 
cardiomyopathy were the two comorbidities with the highest odds of 
AF. The suspected mechanism for why these conditions increase the 
risk of AF is because patients with CHF and cardiomyopathy have 
significant cardiac remodeling, which leads to myocardialfibrosis, which 
promotes the development of ectopic electrical foci in the heart 22.

Hyperthyroidism
Hyperthyroidism promotes hyperdynamic circulation and increased 

workload on the heart 23. Individuals who have pre-existing heart 
diseaseexperience further impairment of cardiac function under these 
circumstances, which can impair heart function leading to heart failure 
and AF 23. Additionally, hyperthyroidism can shorten the repolarization 
phase in atrial tissue, which can further promote the development of 
AF 24.

Chronic Obstructive Pulmonary Disease (COPD)
Reduced lung function has been shown to be an independent risk 

factor for AF25. Although the exact mechanism how COPD increases 
the risk of AF is unclear, it is known that the most common source of 
ectopic beats that initiate AF are in the pulmonary veins 26. It is therefore 
possible that changes in chronic hypoxia, pulmonary hypertension, and 
cor pulmonale that are caused by COPD could then predispose to AF 
25. Given the close link between reduced lung function and ischemic
heart disease, it is possible that a common physiologic pathway exists
for AF as well 27-31.

Alcohol 
Increased consumption of alcohol, especially in the setting of binge 

drinking, has been shown to cause conduction delays and depressed 
cardiac performance, which leads to cardiac remodeling and greater 
susceptibility to AF 32. 

Pulmonary Embolism (PE)
Pulmonary embolism likely predisposes to AF in multiple ways, but a 

major mechanism is suspected to be secondary to increased right-heart 
pressure and volume overload 33. Additional processes like increased 

for chronic inflammatory conditions. Other conditions commonly 
associated with AF were found to have odds less than 8, including 
hyperthyroidism, alcohol use, and sleep apnea. Helicobacter pylori 
infection had the lowest odds of all comorbidities at 1.98 (95% CI 1.68, 
2.34). Full results are listed in Table 1.

Sub-group analysis
Prevalence of comorbidities among AF patients

Hypertension was the most common comorbidity among AF 
patients (78.9% of AF population), followed by CAD (44.8%), CHF 
(36.7%), chronic obstructive pulmonary disease (COPD) (27.4%), and 
CKD (26.9%). With the exception of anemia of chronic disease, all of 
the comorbidities with an OR <5 carried the lowest number of patients 
within the AF population. Patients with Hp had both the lowest OR 
with AF (OR 1.98, 95% CI 1.68, 2.34) as well as the smallest total 
population size in the database (150 patients). Full results are listed 
in Table 3.

Prevalence of AF among comorbidities
Patients with CHF have the highest prevalence of AF (44% of 

CHF patients also have AF), followed by cardiomyopathy (41.9%), 
anemia of chronic disease (34.6%), and myocardial infarction (28.9%). 
Patients with Hp had the lowest proportion of patients with AF (5.5%), 
followed by alcohol (7.3%) and inflammatory bowel disease (IBD) 
(7.5%). Full results are listed in Table 4.

Demographic Analysis
Eighty-one percent of AF were in adults older than 65 years, with 

80-89 years being the most prevalent age group (Table 2). Fifty-three
percent of patients in our population were male. Eighty-two percent
of AF patient were Caucasian, 8% were African American, and <2%
were Hispanic or Asian.

Discussion
Although multiple conditions have been associated with an increased 

risk of AF, our retrospective cohort electronic database study of over 
1.8 million patients quantifies the odds of having AF with different 
comorbidities. 

Figure 2: Forest plots of odds ratios of inflammatory conditions with Atrial 
Fibrillation.

Table 2: Relative incidence of atrial fibrillation by age.

Age group (years) Total 
population 
size 
(count)

Percentage of total patients (%)

18-65 293,800 16%

65+ 1,470,640 81%

20-29 5,770 <1%

30-39 16,840 1%

40-49 36,920 2%

50-59 104,400 6%

60-69 263,880 15%

70-79 462,580 26%

80-89 537,760 30%

90+ 364,630 20%
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There are two suspected mechanisms by which infection with 
Hp predisposes to AF. First, Hp causes an increased production of 
autoantibodies to the H+/K+-ATP enzyme, which damages atrial cells 
and delays cardiac depolarization, which can trigger AF 50. Second, Hp 
can produce cytotoxic proteins that stimulate gastric epithelial cells to 
produce inflammatory markers such as interleukin-8, which promotes 
systemic inflammation that can predispose to AF 51.

Previous retrospective studies have suggested that there may be a 
link between AF and Hp 7,11,12. Although the odds of developing AF 
after having Hp was increased in our population (OR 1.98, 95% CI 
1.68, 2.34), these odds are minimally increased and show the lowest 
association of all other comorbidities included in this study population. 

Prevalence of AF and comorbidities
Prior studies have indicated that patients with an MI have AF at a 

prevalence of 6-10% 52. Our study found a significantly higher risk of 
AF in MI patients at 28.9%. Cardiomyopathy has been found to co-
occur in up to 28% of AF patients 53. We found that 41% of patients 
with cardiomyopathy also had a diagnosis of AF.Hyperthyroidism has 
been reported in up to 8% of AF patients 23. We found that 13% of 
hyperthyroid patients had AF in our cohort.

Demographic Findings
The risk of AF has been shown to increase with age10,54. The results of 

our analysis confirm this finding, as the highest prevalence of AF was 
found in individuals aged 80-89 years.  One difference with the results 
of our analysis was that >50% of patients in our database were over 
the age of 75 years. Prior studies had approximately 45% of patients 
over the age of 75 years 10,54. Identifying those at risk for AF may 
allow for earlier intervention and reduction of morbidity and mortality, 
as patients may become less optimal candidates for treatment with 
increased age (cite).

Caucasians and males have also been shown to be more prevalent 
in prior studies evaluating the epidemiology of AF. Our results are 

Table 3: Prevalence of different comorbidities in the atrial fibrillation 
population (1,812,620 patients). 

Comorbidity Total population size 
(count)

Percentage of total patients (%)

Congestive Heart Failure 664,740 36.7%

Cardiomyopathy 274,680 15.2%

Coronary artery disease 821,610 44.8%

Hypertension 1,429,810 78.9%

Anemia of chronic disease 85,380 4.7%

Chronic kidney disease 488,460 26.9%

Myocardial infarction 382,170 21.1%

Chronic obstructive pulmonary 
disease

496,630 27.4%

Pulmonary embolism 97,710 5.4%

Obstructive sleep apnea 350,180 19.3%

Rheumatoid arthritis 70,920 3.9%

Hyperthyroidism 57,920 3.2%

Inflammatory bowel disease 22,890 1.3%

Alcohol 64,970 3.6%

Helicobacter pylori infection 150 0.0083%

Table 4: Prevalence of atrial fibrillation among different comorbidities.

Comorbidity Population with AF 
(count)

Total population 
size (count)

Percentage of 
total patients (%)

Congestive Heart Failure 664,740 1,511,710 44%

Cardiomyopathy 274,680 654,790 41.9%

Coronary artery disease 821,610 2,981,440 27.8%

Hypertension 1,429,810 11,112,560 12.9%

Anemia of chronic disease 85,380 246,880 34.6%

Chronic kidney disease 488,460 1,716,960 26.1%

Myocardial infarction 382,170 1,338,410 28.9%

Chronic obstructive pulmonary 
disease

496,630 2,215,210 22.4%

Pulmonary embolism 97,710 402,090 24.3%

Obstructive sleep apnea 350,180 2,329,210 15%

Rheumatoid arthritis 70,920 502,810 14.1%

Hyperthyroidism 57,920 419,630 13.8%

Inflammatory bowel disease 22,890 304,050 7.5%

Alcohol 64,970 887,390 7.3%

Helicobacter pylori infection 150 2,720 5.5%

inflammation and hypercoagulability are also strongly suspected to 
contribute to the increased risk of AF in patients with PE 33.

Inflammatory conditions
Multiple chronic inflammatory states have been linked to an 

increased risk of AF, including anemia of chronic disease, chronic 
kidney disease, inflammatory bowel disease, autoimmune conditions 
such as rheumatoid arthritis, and infection with Helicobacter pylori21,34. 
Persistent inflammation, oxidant stress, apoptosis, and fibrosis of 
cardiomyocytes leads to remodeling which promotes the development 
of AF 35-40. The results of our study confirmed that these conditions do 
increase the odds of developing AF. In the Explorys database, anemia 
of chronic disease and chronic kidney disease were two inflammatory 
conditions with odds greater than 18, which was higher than other 
more commonly associated risk factors for AF such as hyperthyroidism, 
alcohol use, and sleep apnea. 

Inflammatory bowel disease (IBD)
Patients with IBD have demonstrated prolonged atrial conduction 

times and other physiologic dysfunction that promote AF 37,38.
Additionally, increases in serum inflammatory markers such as 
c-reactive protein, erythrocyte sedimentation rate, and interleukin-6 
levels have been observed in patients with AF, which are commonly 
elevated in IBD patients 41-43.

Chronic kidney disease (CKD)
Patients with CKD have increased activation of the renin-

angiotensin-aldosterone system, which modulates total body volume, 
electrolyte balance via modulation of ion channels, and activation of the 
sympathetic nervous system which allresult in structural and electrical 
remodeling in the heart that can promote AF 44-49.

Helicobacter pylori (Hp)
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cancer in average risk adults 20–39 years of age: a population‐based national study. 
Dig Dis Sci. 2019;64:3602‐3609.

20. Sheriff MZ, Mansoor E, Luther J, Ananthakrishnan AN, Saleh MA, Ho E,
Briggs FBS, Dave M. Opportunistic infections are more prevalent in Crohn’s
disease and ulcerative colitis: a large population‐based study. Inflamm Bowel Dis. 
2020;26:291‐300.

21. Qiu H, Ji C, Liu W, Wu Y, Lu Z, Lin Q, Xue Z, Liu X, Wu H, Jiang W, Zou C. 
Chronic Kidney Disease Increases Atrial Fibrillation Inducibility: Involvement of 
Inflammation, Atrial Fibrosis, and Connexins. Front Physiol. 2018;9:1726.

22. Westermann D, Linder D, Kasner M, Zietsch C, Savvatis K, Escher F, Schlippenbach 
JV, Skurk C, Steendijk P, Riad A, Poller W, Schultheiss H, Tschope C. Cardiac
inflammation contributes to changes in the extracellular matrix in patients with heart 
failure and normal ejection fraction. Circ Heart Fail. 2011:44–52.

23. Frost L, Vestergaard P, Mosekilde L. Hyperthyroidism and risk of atrial fibrillation 
or flutter: a population-based study. Arch Intern Med. 2004;164(15):1675.

24. FreedbergAS, Papp JG, Williams EM. The effect of altered thyroid state on atrial
intracellular potentials.  J Physiol. 1970;207:357-369.

25. Buch P, Friberg J, Scharling H, Lange P, Prescott E. Reduced lung function and risk 
of atrial fibrillation in the Copenhagen Heart Study. European Respiratory Journal. 

consistent with this finding, but we had significantly more Caucasian 
and male patients with AF than prior studies, which listed 2.2% 
Caucasian and 1.5% African American patients 10, compared to 82% 
and 8% in our study, respectively. For gender, prior studies found 1.1% 
vs. 0.8% in favor of male 54, but we found 53% vs. 47%. The reasoning 
behind why these sub-populations are at greater risk of AF is not 
entirely understoodand may be an area for future research.

The main strengths of our study include the large sample size of over 
1.8 million patients with AF and the population-based study design 
which included more than 63 million patients from across the United 
States. We present data that highlights the relative association between 
AF and comorbidities that have been suggested to increase the risk of 
AF. We also provide a unique perspective that assesses the prevalence 
of comorbidities in AF patients, rather than just what comorbidities 
increase the risk of AF. 

Limitations of our study
The main limitations of the Explorysdatabase include its retrospective 

nature, and reliance on appropriate diagnostic codes being used by 
clinicians, as incorrect coding has been shown to occur up to 18% of 
the time 19.Further, the Explorys database is comprised of population 
level data, so individual patient data regarding a diagnosis and risk 
factors is not available.

Conclusion
Millions of patients are hospitalized in the US due to AF annually. 

Understanding the relative risk of predisposing conditions may help 
improve their management and therefore limit the burden that they 
pose to patients and the health care system. By quantifying risk factors 
for AF using a retrospective cohort of 1.8 million patients, we hope to 
more identify conditions that need high-priority control in reducing 
the morbidity of AF. 
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Introduction
Atrial fibrillation (AF) is the most common sustained 

tachyarrhythmia in the general population and is associated with a 
high risk of thromboembolism leading to ischemic events 1-3.

Transthoracic echocardiography (TTE) and transesophageal 
echocardiography (TEE) are necessary tools to diagnose the presence 
of left atrialthrombosis (LAT) and LA spontaneous echo contrast 
(SEC). Both conditions are possibly related to the occurrence of cardiac 
thromboembolism 3. 

Starting from TEE findings of anticoagulated and non-
anticoagulated patients referred for electrical cardioversion (ECV) of 
stable persistent (> 48hrs) non-valvular AF, we investigated the rate of 
SEC and LAT and identified their independent predictors. 

Material And Methods
Patients were referred to our tertiary care facility from 1/2012 to 

6/2015. Demographic, clinical, and echocardiographic data were 
collected and stored in the electronic medical recording system. 
Additional data 4 were collected in a separate database for the purpose 
of performing a doctoral thesis on the specific topic.

The patients included in the present analysis are not consecutive. 
In fact,only patients that had been in AF for at least 48 hours before 
being referred for ECV are included. Furthermore, none of the included 
patients had been treated for AF within the premises of our facility 
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Abstract
Background:Transesophageal echocardiography (TEE) before electrical cardioversion (ECV) in atrial fibrillation (AF) is not routinely 

performed in anticoagulated patients.  

Methods:Starting from TEE findings of anticoagulated and non-anticoagulated patients referred for ECV, we investigated the rate of 
spontaneous echo-contrast (SEC) and left atrial thrombus (LAT) and identified their independent predictors.

Results:A total of 403 patients were included: 262 (65%) had no anticoagulation, 47 (11.7%) were onnovel oral anticoagulant (rivaroxaban), 
74 (18.4%) on warfarin INR>2, and 20 (5.0%) on warfarin INR<2.In 41 (10.1%) there was LAT and in 154 (38.2%) SEC. Patients with 
LAT had a significantly lower left ventricular ejection fraction (LVEF%) (p=0.001). Patients with SEC were significantly older (p=0.04), had 
lower LVEF% (p<0.0001),higher CHADSVASC  score (p<0.0001), and higher rate of coronary artery disease (CAD) (p=0.03). In 56.8% of 
warfarin patients (INR>2) there was SEC (p=0.002). At multivariate analysis therapeutic anticoagulation with warfarin (p=0.003; OR:2.2; 
CI: 1.3-3.7),CHADSVASC  score (p<0.0001; OR=1.2; CI: 1.1-1.4), and LVEF% (p<0.0001; OR:0.95; CI: 0.93-0.97; inverse relationship) were 
SEC predictors. A 3.5 CHADSVASC  score cut-off was predictor of SEC (AUC: 0.7; p<0.0001). LVEF% was the only predictor of LAT (p=0.02; 
OR=0.96; CI: 0.93-0.99; inverse relationship).

Conclusion: Echocardiography before ECV identifies clear LAT/SEC in more than a third of AF patients, independently by their anticoagulation 
regimen. LAT/SEC rates increasewith decrement of LVEF%. Increment of CHADSVASC  score increases SEC risk. In anticoagulated patients 
SEC rate remains higher than expected. Therapeutic anticoagulation with Warfarin appears positively and independently correlated to SEC 
occurrence.
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before. Elective ECV had been planned after having documented a 
pharmacologically unresponsiveness, defined as failure or intolerance 
after admission of at least one class I or III anti-arrhythmic drug and/
or after patient/referring physician choice. None of the investigated 
patients presented significant cardiac valve malfunction/disease and 
none had been previously submitted to cardiac surgical operations.

All patients or their legal representatives signed informed consent 
to treatment, data collection, and data analysis for scientific research 
purposes. An ethical commission revision was waved being the study 
a retrospective analysis of prospectively collected patients´ data and 
having the study no effect upon the standard of patients´ management. 

Echocardiographic Examination
 In preparation to the ECV, all patients underwent TTE and TEE, 

according to the local standards. Exams were performed by experienced 
echocardiographers.  At TTE, bidimensional(2D) volumetric 
measurements were used to derive left ventricular ejection fraction 
(LVEF%) and LA dimension. At TEE, LA and LA appendage (LAA) 
were viewed in the mid-esophageal window using simultaneous biplane 
imaging. 

Thrombus in the LAA was defined as an echogenic mass with a 
different texture than the LA wall and a uniform consistency. SEC was 
documented in case of a swirling pattern of increased echogenicity in 
the LAA and/or LA. Grading of SEC was not reported 5. Evidence of 
cardiac valve pathology was investigated and excluded.

Statistical Analysis
Data are presented as absolute numbers, percentages, mean ± standard 

deviation for normally distributed variables and median with 75% 
IQR values for variables with non-normal distribution. We assessed 
for normal distribution using the Shapiro-Wilk test. Patients had 
been referred from different referring physicians and anticoagulation 
management was not homogenous. We first compared patients´ 
demographic and clinical data according to the anticoagulation 
regimen. A second grouping was performed according to the presence 
of LAT and SEC at pre-ECV TEE. We identified 4 groups (with/
without LAT and with/without SEC). Analysis of the variance 
(ANOVA), Student t-test, Wilcoxon signed-rank test, x-square, and 
Fischer-exact test were used whenever appropriate to compare groups 
(according to anticoagulation regimen, with LAT vs. w/o LAT; with 
SEC vs. w/oSEC). A p-value <0.05 was considered as significant. 
Two multivariable models were built and stepwise backward logistic 
regression was performed to identify independent echocardiographic 
and clinical determinants for LAT and SEC.  We included in the 
logistic regression model only those variables that at univariate 
analysis had a statistical difference with a p<0.1. Receiver operating 
characteristic (ROC) curves were built to identify cut-off values that 
could predict LAT and SEC. Statistical analyses were performed using 
SPSS statistical software version19 (SPSS Inc., Chicago, Ill., USA). 

Results
A total of 403 patients are included in the present analysis. 
Demographic and clinical data of the overall cohort are reported in 

table 1. A longer than 3 weeks oral anticoagulation with either novel 
oral anticoagulants (NOAC) or Warfarin at therapeutic levels (INR>2) 

had been already performed in 30.0%. 

A total of 262 patients (65%) had received no previous 
anticoagulation, 47 (11.7%) were treated with NOAC (rivaroxaban), 
74 (18.4%) were anticoagulated with warfarin and had an INR>2 for 
>3 weeks at time of ECV (verified by either weekly laboratory testing
or daily testing with a home-measurement-device), and 20 (5.0%) had 
received warfarin but at time of ECV had an INR<2 (Figure 1).

Table 1 reports clinical data according to the anticoagulation 
regimen. It appears that AF duration (paroxysmal and persistent) is 
unevenly distributed among the different categories of anticoagulated/
non-anticoagulated patients. It emerges in fact, that a significantly 
higher rate of persistent AF (and significantly lower rate of paroxysmal 
AF) was present in anticoagulated patients (p=0.02). Furthermore, the 
subgroup of anticoagulated patients included a significantly higher rate 
of patients suffering from coronary artery disease (p=0.03). Moreover, 
patients receiving warfarin were significantly older (p<0.0001) and had 
a significantly higher CHA2DS2-VASc-score (p=0.001).

Clear evidence of LAT was present, at pre-ECV  TEE, in 41 patients 
(10.2%) and SEC in 154 (38.2%).

A total of 27 patients (6.6%) had both LAT and SEC. Patients 
with evidence of LAT and/or SEC did not undergo ECV and were 
referred back to the treating cardiologist to optimize anticoagulation. 
Repeated follow-up imaging, starting after four weeks of optimized 
anticoagulation treatment, was recommended in all cases. All remaining 
patients (235/403; 58.3%) underwent at least one ECV attempt (data 
concerning sinus rhythm achievement are not reported). No acute 
thromboembolic events immediately after ECV were reported.

Patients under Warfarin and with INR> 2 had a trend for higher 
LAT rate (13.5%) and a significantly higher SEC rate (56.8%; p=0.002) 
(table 1).

Table 2-3 show clinical data according to the presence of LAT/SEC.
At univariate analysis patients with LAT had a significantly lower left 

ventricular ejection fraction (LVEF%) (p=0.001).  Patients with SEC 
were significantly older (p=0.04), had a significantly lower LVEF% 
(p<0.0001), higher CHADSVASC  score (p<0.0001), and higher rate 
of CAD (p=0.03). 

Two separate logistic regression models were built to identify 
determinants of LAT and SEC. LVEF% was the only echocardiographic 
independent predictor of LAT (p=0.02; OR=0.96; CI: 0.93-0.99; 
inverse relationship) and SEC (p<0.0001; OR:0.95; CI: 0.93-0.97; 
inverse relationship) (table 4). At ROC analysis a LVEF of 45% or 
lower showed a significant prediction of LAT and SEC (AUC: 0.7; 
p<0.0001; Sensitivity 75.0%- Specificity 60.0%). Moreover, therapeutic 
anticoagulation with warfarin (INR>2) (p=0.003; OR: 2.2; CI: 1.3-3.7) 
and CHADSVASC  score (p<0.0001; OR=1.2; CI: 1.1-1.4) were both 
independent predictors of SEC. At ROC analysis a CHADSVASC  
score value of 3.5 was the cut-off to predict SEC (AUC: 0.7; p<0.0001; 
Sensitivity 64.0%- Specificity 60.0%). 
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indication to ECV. While we are convinced that all the necessary efforts 
to anticoagulate the patient have been made properly, within a society 
dense with fragile and elderly patients it is quite common to encounter 
situations where permanent oral anticoagulation is contraindicated. We 
recommend continuation of oral anticoagulation for at least 4 weeks 
after successful ECV in all patients and discuss alternative options to 
permanent anticoagulation (e.g. left atrial appendage closure) with 
the further attending physician of all patients with a high stroke and 
high bleeding risk.

LAT prevalence and prediction
Although guidelines recommend ECV without TEE after a 3-week 

course of anticoagulation 2, routine TTE and TEE before ECV of 
AF are the present standard of practice in our clinic, and in many 
other German facilities, independently by the adopted anticoagulation 
regimen and by its duration and therapeutic level. In fact, systemic 
embolism during ECV may occur in spite of adequate anticoagulation 
and it ranges around 0.5%-1% for both patients anticoagulated with 
vitamin K antagonists (VKA) and NOACs 6-8.  This risk is not negligible 
and may be secondary to the fact that LAT rate may be higher than 
expected and LAT may persist even in anticoagulated patients. More 
specifically, few studies have investigated the echocardiographic 
evidence of LAT in patients with non-valvular AF prior to ECV. 
In this selected group of patients LAT prevalence is ranging from 
4% to 8% even after having received either NOACs or therapeutic 
warfarinization 9-11. 

Discussion
Findings of our analysis can be summarized as follows:a) routine 

TEE prior to ECV shows clear signs of LAT/SEC in more than a third 
of referred AF patients independently by their anticoagulation regimen; 
b) the rate of LAT/SEC increases significantly with the decrement 
of LVEF% but does not seem to be independently related, at least 
in our analysis, to LA size; c) cumulative risk stratification methods, 
such as the CHADSVASC  score, seem to have an independent 
predictive power particularly upon the risk of SEC; d) the risk of SEC 
increases for CHADSVASC  scores above a 3.5 value; e) finally, even 
in anticoagulated patients the LAT and SEC rates remain higher than 
expected. In particular, therapeutic anticoagulation (INR>2) with 
Warfarin appears to be independently correlated with SEC occurrence.

A notable number of 262 patients (65%) had received no previous 
anticoagulation to hospital admission. Traceable reasons for no previous 
anticoagulation included a CHADSVASC score <3 for females 
and < 2 for males, non-compliance to anticoagulation, or absolute 
contraindication to anticoagulation resulting mainly from increased 
bleeding risk. Furthermore, a not negligible number presented to 
their outpatient doctor on the day of admission with a sudden unset 
of a previously untreated atrial fibrillation episode, which, due to 
the pronounced symptoms, immediately led to the patient being 
referred to our hospital for acute medication and subsequent TEE 
and ECV. Our tertiary care hospital mainly treats patients referred 
by their family doctor, or their outpatient cardiologist with a specific 

Figure 1: Flow diagram of patient’s baseline data and events, apportioned by anticoagulation management.

AF: Atrial Fibrillation; OAC: oral anticoagulants; NOAC: novel oral anticoagulants; LVEF: Left Ventricular Ejection Fraction; LAT: Left Atrial Thrombosis; SEC: Spontaneous Echo-contrast; *Information 
available on 362 patients
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anticoagulation therapy and to guide TEE screening before ECV.  

We were not able to identify an independent relationship between 
LAT and CHADVASC scorealthough we did find LVEF% to be the 
only echocardiographic independent predictor for LAT. 

SEC prevalence and prediction
SEC is resulting from an interaction between multiple hematologic 

(erythrocyte sedimentation rate, serum fibrinogen level, hematocrit 
level, plasma proteins concentration) and hemoreological factors  
(blood flow velocity, blood viscosity, and shear rate) 16. In comparison 
to LAT, the prevalence of SEC can be over 50% in patients with non-
valvular AF 17. As documented in our and in previous experiences 14, 
the majority of patients with SEC do not have LAT and vice-versa. 
This could support the fact that the two conditions have different 
etiopathogenesis. 

Independent clinical and echocardiographic determinants for 
SEC have been poorly investigated. Bejinariu et al. have proposed 
the independent relationship among LA dimensions, LVEF%, 
CHADSVASC -score, and SEC occurrence 14. Our findings confirm 
that a LVEF% < 48% and a CHADSVASC  score > 3.5 are good 
independent predictors of SEC occurrence.

The clinical impact of SEC remains controversial. A series of 
studies focusing on patients treated with different therapeutic and 
sub-therapeutic anticoagulation regimens have confirmed the low 
thromboembolic risk of SEC, even in non-anticoagulated patients 3,16,18. 

The current guidelines do not indicate if patients with SEC can 
be safely cardioverted in the absence of LAT 2. In this context, many 
practitioners consider early ECV of patients with SEC to be unsafe.
Although anticoagulation therapy with warfarin is widely used to 
prevent thromboembolism in AF, it actually does not affect red cell 
aggregation in vitro and, consequently, it has no effect on LA SEC 
prevention /resolution 19. I to et al. were the first to investigate the 
effect of warfarin therapy on LA SEC in patients with non-valvular 
AF. They confirmed that effective anticoagulation did not reduce 
the quantitative value of LA SEC 20. In our reported experience, 

Table 1: Clinical and echocardiographic data in the overall cohort and 
according to anticogualtion regimen

Total
(403)

No 
Anticaog-
ulation
(262; 65%)

NOAC
(47; 
11.7%)

Warfarin 
INR>2
(74; 
18.4%)

Warfarin 
INR<2
(20; 
5.0%)

p-
value

Age (years) 69.6±10.3 68.7±10.4 66.7±10.8 73.3±7.4 74.8±5.2 <
0.0001

Gender: F/M 188/215 115/147 20/27 44/30 9/11 0.1

LVEF% 50.7±14.8 50.7±15.1 47.2±16.5 51.3±13.5 52.4±
13.3

0.6

LA Diameter 4.3±0.7 4.2±0.6 4.5±0.8 4.4±0.7 4.6±0.5 0.1

CHA2DS2-
VASC -score

3.6±1.6 3.4±1.6 3.6±1.8 4.2±1.4 4.4±1.1 0.001

Diabetes 
Mellitus

133(33%) 83(31.7%) 15(31.9%) 26(35.1%) 9(45%) 0.6

CAD 185(45.9%) 108(41.2%) 25(53.2%) 38(51.4%) 14(70%) 0.03

Creatinine 
(mg/dl)

1.1±0.5 1.1±0.5 1.1±0.5 1.1±0.4 1.3±0.5 0.6

Paroxismal 
AF*

137(37.8%) 101(43.7%) 11(24.4%) 20(29.9%) 5(26.3%) 0.02

Persistent 
AF*

225(62.2%) 130(56.3%) 34(75.6%) 47(70.1%) 14
(73.7%)

0.02

Previous 
Thromboe-
mbolism

17 (4.2%) 10(3.8%) 2(4.3%) 5(6.8%) 0 0.5

LAT 41 (10.2%) 28(10.7%) 1(2.1%) 10(13.5%) 2(10%) 0.2

SEC 154 (38.2%) 88(33.6%) 15(31.9%) 42(56.8%) 9(45%) 0.002

Table 2: Clinical and echocardiographic data according to the presence of 
left atrial thrombosis at TEE

No-LAT (362) LAT (41) p-value

Age (years) 69.5±10.6 70.3±8.1 0.5

Gender: F/M 195/167 20/21 0.5

LVEF% 51.6±14.3 42.4±16.6 0.001

LA Diameter (cm) 4.3±0.7 4.4±0.5 0.3

CHA2DS2-VASC -score 3.6±1.6 3.9±1.5 0.2

Paroxismal AF* 125(38.1%) 12(35.3%) 0.7

Persistent AF* 203(61.9%) 22(64.7%) 0.7

Previous Thromboembolism 14 (3.9%) 3(7.3%) 0.3

Diabetes Mellitus 116(32%) 17(41.5%) 0.2

CAD 167(46.1%) 18(43.9%) 0.7

Creatinine (mg/dl) 1.1±0.5 1.3±0.6 0.1

LA: Left Atrium; CAD: Coronary Artery Disease; LAT: Left Atrial Thrombosis; SEC: Spontaneous Echo-
contrast  
*Information available on 362 patients

Previous studies have shown that the CHADS2 and CHA2DS2-
VASc scores predict the presence of LAT in patients undergoing 
TEE before AF catheter ablation 11-13.In a logistic regression model 
including 372 anticoagulated patients Bejinariu et al. have shown that 
CHA2DS2-VASc (OR =1.2) and LVEF% (OR=0.96) were the only 
independent determinants for LAT 14. This means that patients with 
a very high risk score for thromboembolism could be refractory to 
standard anticoagulation and develop LAT. 

More recently Kosmalska et al. have specifically investigated the 
usefulness of TEE before ECV of atrial arrhythmias in a prospective 
series of 269 patients 15. LAT and/or SEC were detected in a higher 
rate of patients (29%). Interestingly, in 94.9% of patients with LAT 
or SEC, an appropriate anticoagulation regimen had been adopted 15.  
Dementia, low velocities in LAA, SEC in LA, consecutive episodes of 
AF, and longer duration of AF were all significant predictors of LAT 
and/or dense SEC. CHA₂DS₂VASc score was not an independent 
predictor of LAT and SEC 15.

In our real-world experience,we have reported an overall LAT rate 
of 10.2% (and 38.2% for SEC). Interestingly, in our experience patients 
under NOAC had a trend for a lower incidence of LAT (2.1%) and 
patients on warfarin with therapeutic INRs values had the highest LAT 
rate (13.5%), even higher than that observed in non-anticoagulated 
patients (10.7%). This could be due to the fact that patients on 
warfarin had a more complex comorbid profile, including older age 
and significantly higher CHA2DS2-VASC scores. In this context, 
identification of clinical predictors of LAT may be of help to support 

LA: Left Atrium; CAD: Coronary Artery Disease; LAT: Left Atrial Thrombosis; SEC: Spontaneous Echo-
contrast 
*Information available on 362 patients
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Finally, although most of our present clinical decisions are based 
on our interpretation of TEE findings, in the very next future new 
methods of imaging analysis, based on artificial intelligence systems, 
will be made available for the daily clinical practice. Improved and 
automated image interpretation will allow us to better understand the 
LA and LAA anatomy and possibly detect specific anatomical features 
and early signs correlated to LAT and SEC occurrence 24.

Limitations
The study includes a heterogeneous group of patients referred from 

different facilities after being managed with different anticoagulation 
strategies. In this context, although the overall sample size is significant 
(in consideration of the fact that all patients had non-valvular AF 
and underwent pre-ECV TTE and TEE), pre-ECV treatment 
was not uniform and most of the patients had actually received no 
anticoagulation before being sent to our facility. Moreover, we do not 
have a structured follow-up on the referred patients and, as a matter of 
fact, we are not aware of the evolution of LAT and SEC in those patients 
that were denied ECV. Furthermore, the duration of AF did not emerge 
as a potential independent derteminant for SEC and LAT in our 
logistic regression model. The stronger impact of other variables such 
as LVEF, warfarinization, and CHADVASC score upon SEC/LAT 
may veil the real effect of AF duration. Some of those determinants, 
like LVEF, may actually be a surrogate of AF duration, suggesting 
there may exist a collinearity among the independent determinants. 
Unfortunately, there is no way to eliminate this collinearity from the 
present data.

Additionally, a stratification of patient groups into those with and 
those without anticoagulation for primary analyses could be usefull to 
gain additional information about independent risk factors but has not 
been performed to avoid a considerable decrease in power by reducing 
the sample size.
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LVEF: Left Ventricular Ejection Fraction; CAD: Coronary Artery Disease; LAT: Left Atrial Thrombosis; 
SEC: Spontaneous Echo-contrast
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Introduction
Surgical closure of the left atrial appendage (LAA)has been 

performed for over two decades to prevent embolic events in patients 
with atrial fibrillation (AF)1. While recent data for catheter-based and 
device-based LAA closure has been promising, there remains a relative 
paucity of contemporary data regarding surgical closure.

In the past, older studieshavedemonstrated a high rate of 
incompletesurgical closure of the LAA, with a related increase in 
cardio-embolic events2, 3. Risk factors for incomplete surgical closure 

of the LAA have not been clearly identified. However,because patients 
who undergo surgical LAA closure as a whole have a reduced risk of 
stroke and systemic embolization4, current Society of Thoracic Surgeons 
guidelinesadvocate a Class IIa indication for surgical intervention of 
the LAA during concomitant cardiac surgery in patients with AF5.

The goal of our study is to provide a more contemporary assessment 
of the prevalence and risk factors for incomplete LAA surgical closure 
in the cardiac surgery population.

Methods
We linked the NYU Langone Health clinical and transesophageal 

echocardiogram (TEE)databases between 2010 and 2016 to identify 
patients who had undergone cardiac surgery and had a follow-up TEE 
for any reason noting LAA closure (n=193). Patients were excluded if 
they had transcatheter-based closure, a history of heart transplantation, 
poor study quality on TEE, or lacked a record of surgical LAA closure 
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Abstract
Objectives:In patients with atrial fibrillation, incomplete left atrial appendage (LAA) closure is associated with an increased risk for cardio-

embolic events compared to complete closure. In this study, we aimed to determine the prevalence and risk factors for incomplete surgical 
closure of the LAA in the modern surgical era.

Methods:Records of 74 patients with surgical LAA closure who underwent follow-up transesophageal echocardiogram for any reason 
between 2010 and 2016, were assessed for incomplete closure. Complete closure was defined by absence of Doppler or color flow between 
the left atrial appendage and the left atrial body in more than 2 orthogonal views.

Results:Surgical LAA closure was incomplete in 21 patients (28%) and complete in 53 patients (72%). All included cases were completed 
via oversewing method with a double layer of running suture with or without excision of the LAA. While no individual demographic, 
echocardiographic, or surgical feature was significantly different between groups, incomplete closure of the LAA was more prevalent in 
patients with two or more of the risk factors; female sex, hypertension, and hyperlipidemia (OR 5.1, 95%Cl 1.5–17). 

Conclusion:Asignificant rate of incomplete surgical LAA closure still exists in the modern surgical era, and the presence of multiple risk 
factors associate an increased risk of incomplete closure.
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in their electronic medical record by operative reports or notes. Seventy-
four patients were included as the final cohort for analysis.Study was 
approved by NYU School of Medicine Institutional Review Board 
with waiver for informed consent.  

Indications for TEE consisted of prior to cardioversion (n = 24), prior 
to ablation (n = 19), assessment of the mitral valve (n = 20), assessment 
of the aortic valve (n = 3), possible endocarditis (n = 7), and stroke or 
transient ischemic attack (n = 1). 

Demographics, medical history, and cardiac surgical history were 
obtained from chart review of notes, operative reports, and ICD-10 
codes defined at the time of TEE. Complete or incomplete surgical 
LAA occlusion was determined by review of theTEE by two American 
Society of Echocardiography board-certified cardiologists. Complete 
closure of LAA was defined by absence of Doppler color flow at a 
reduced Nyquist limit between the LAA and the LA body in more 
than 2 orthogonal views. Otherparameters of interest were collected 
from the official echocardiographic report.

To assess risk factors for incomplete LAA occlusion,we created a risk 
score of patient factors and used logistic regression to determine the 
odds ratio of incomplete closure in patients with multiple risk factors.
Continuous data were expressed as mean ±SD or median (IQR) and 
were compared using 2-tailed independent sample T-tests or Wilcoxon 
rank-sum test as appropriate. Categorical data were expressed as n(%)
and compared using chi-squared tests. Statistical significance was 
determined using a two-tailed alpha <0.05 with all analyses performed 
in Stata v.14 (College Station,TX:StataCorp LP). 

Results
All surgical LAA closures were completed via oversewing method 

with a double layer of running suture with or without excision of the 

LAA. The median time from surgery to TEE was 6.5 months (IQR 71). 
On TEE, occlusion of the LAA was incomplete in 21 patients (28%) 
and complete in 53 patients (72%). 

Demographic characteristics were similar between each group 
with no individual parameter reaching statistical significance and are 
listed in Table 1. Furthermore, none of the echocardiographic features 
including ejection fraction, LA volume/dilatation, or mitral/aortic valve 
regurgitation predicted incomplete LAA closure at the time of TEE. 
Operative and surgical characteristics were similar between groups 
including type of surgery and elapsed time between LAA occlusion 
surgery and TEE (Table 1).

In the risk score analysis, we identified three factors with trends 
toward significance (p-value <0.10) for incomplete LAA closure: 
female sex, hypertension, and hyperlipidemia (Table 1). The percentage 
of patients with incomplete closure increased with increasing number 
of these risk factors (Figure 1).Logistic regression demonstrated 
statistically significant odds ratio for incomplete closure of the LAA in 
patients with two or more of these risk factors (OR 5.1, 95%Cl 1.5–17).

Discussion
In this study, we found the incidence of incomplete occlusion 

of the LAA after surgical closure to be 28%, in line with previous 
studies, which reported incidences ranging from 10.3% to 36% 2, 3, 

6-8. In addition, we identified three possible risk factors for failure of
LAA closure. We noted anincreased incidence of incomplete LAA
closure with the presence of at least two of the following: female sex, 
hypertension, and hyperlipidemia.

While some prior studies reporting demographic characteristics 
of patients with complete versus incomplete closure of the LAA 
have not found significant differences 6, 8, others have demonstrated 
significantly higher rates of coronary artery disease and lower rates 
of heart failure in patients with incomplete closure of the LAA7. In 
addition to patient characteristics, echocardiographic features including 
left atrial size and degree of mitral regurgitation have also been of 
interest as possible predictors of incomplete LAA closure. However, 
these variables have not borne out in other analyses2, 3, 6 and our own.
Given the persistently high rates of incomplete LAA closure, future 
investigation into predictive models of incomplete surgical closure of 
the LAA will be important, especially when determining in which 
patients it is appropriate to stop therapeutic anticoagulation.

Different surgical techniques have been used to achieve LAA closure 
with variable rates of success6, 8-10. Stapler exclusion, for example, has 
previously been associated with high rates of failure and stroke risk 
6. Surgical devices have also met with variable success, as well as the
possibility of serious adverse events. Among devices, the AtriClipTM 
(AtriCure, Mason, OH) has shown significant promise11.Our finding
of high rates of incomplete surgical suture closure in the modern era
underscores the need for continued pursuit of these newer devicesand
techniques. 

Our study has several limitations. As our study draws from patients 
that underwent follow-up TEE, it is possible our sample is biased 
toward those who had worse outcomes or comorbidities that would 

Figure 1: Risk Score Distribution

Graph indicates for patients with a certain risk score, the percentage with incomplete surgical 
closure of LAA on TEE.Risk score consists of the number of factors amongst female sex, 
hypertension, and hyperlipidemia
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warrant a TEE. Although, it should be noted that stoke/TIA was the 
indication for TEE in only one patient. Additionally, as our study did 
not collect information on rates of stroke during the intervening time 
between surgical LAA closure and TEE, we are unable to confirm prior 
reports linkingincreased incidence of stroke with incompleteclosure. 
Lastly, we did not quantify the degree of leak into the LAA, or residual 
LAA stump size, which may or may not have impact on embolic risk 
in patients with incomplete LAA closure.

Conclusion
Our study found a significant rate of incomplete surgical LAA suture 

closure still exists in the modern surgical era. We also found a composite 
of female sex, hypertension, and hyperlipidemia to be predictive of 
incomplete surgical LAA closure. Our data supportutility of newer 
surgical techniques and devices for LAA closure and suggests future 
studies are needed to identify factors for incomplete surgical LAA 
closure.

Table 1: Demographic, Echocardiographic, and Surgical Characteristics 

n (%) unless otherwise noted LAA Incomplete 
Closure (n = 21)

LAA Complete 
Closure (n = 53)

p-value

Age (years), mean ± SD 67 ± 11 65 ± 11 0.38

Female sex 12 (57%) 19 (36%) 0.09

Hypertension 18 (86%) 34 (64%) 0.07

Hyperlipidemia 14 (67%) 22 (42%) 0.05

Obesity 2 (10%) 8 (15%) 0.5

Type II Diabetes Mellitus 3 (14%) 7 (13%) 0.9

Smoking History 8 (38%) 18 (34%) 0.74

Prior Stroke 3 (14%) 9 (17%) 0.75

Atrial Fibrillation 17 (81%) 48 (91%) 0.25

Rheumatic Heart Disease 4 (19%) 17 (32%) 0.26

Endocarditis 1 (5%) 2 (4%) 0.8

Anticoagulant Use 12 (57%) 40 (75%) 0.3

Aspirin Use 11 (52%) 27 (51%) 0.76

Statin Use 10 (48%) 20 (38%) 0.37

CHA2DS2-VASc score, mean ±SD 3.3 ±1.7 2.9 ±1.7 0.37

Ejection Fraction, % ±SD 53 ±10 53 ±13 0.89

LA Volume (mL/m2), mean ±SD 45 ±20 48 ±24 0.66

LA Dilatation 13 (62%) 36 (68%) 0.51

Aortic Regurgitation 11 (52%) 23 (43%) 0.48

Mitral Regurgitation 18 (86%) 38 (72%) 0.97

Time from surgery to TEE (months), mean 
±SD

54 ±81 47 ±64 0.73

Age at surgery (years), mean ±SD 63 ±9 60 ±16 0.43

Mitral Valve Repair 12 (57%) 33 (62%) 0.17

Mitral Valve Replacement1 9 (43%) 17 (32%) 0.77

Aortic Valve Replacement2 2 (10%) 13 (25%) 0.14

Coronary Artery Bypass Graft 2 (10%) 4 (8%) 0.8

Maze Procedure 7 (33%) 17 (32%) 0.96

CHA2DS2-VASc = age, sex, heart failure, hypertension, diabetes, stroke or transient ischemic attack, 
vascular disease 
LA = left atrium, TEE = transesophageal echocardiography
138.5% mechanical
233.3% mechanical
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Introduction
Radio frequency ablation (RF) utilizes the delivery of high frequency 

alternating electrical current to myocardial tissue to create a thermal 
lesion.1 RF lesion geometry is the result of a complex interaction 
between the ablation catheter configuration, energy delivery settings 
and tissue characteristics.2 The 6 pore (6P) Thermo Cool SmartTouch® 
and the 56 pore (56P) Thermo Cool SmartTouch Surround Flow® 
are widely available externally cooled catheters with force sensing 
technology. The 6P irrigation system was approved for ablation in 2009 
and has 6 circum ferentially placed irrigation holes (0.40 mm diameter) 
at the distal end of the 3.5 mm ablation tip.3 The 56P catheter was 
developed and introduced in May 2015 to reduce irrigation flow rates 
and provide uniform cooling over larger surface area. This ablation 
catheter has 56 small (0.08 mm diameter) irrigated holes distributed 
uniformly around the distal electrode surface, intended to achieve 
a more uniform distribution of the irrigating solution and more 
homogenous electrode cooling.4 We focused on recreating clinical 
parameters for AF ablation to test these two catheter platforms.The 

purpose of this study was to determine the relationship of the ablation 
parameters to lesion size and geometry comparing the two modes of 
electrode irrigation. To test these relationships, a superfused ex vivo 
tissue ablation model was selected. 

Material And Methods
In this study the impact of catheterorientation (CO) and varying 

irrigation flow rates (IFRs) on the lesion sizes: depth, surface area 
and volume were examined. An ex-vivo chicken muscle model was 
immersed into the bath and allowed to equilibrate to 37 ± 1°C in a 
temperature-controlled circulating solution (Cobe, Julabo Stockert®, 
Germany). RF energy was applied in unipolar mode between catheter 
electrode and indifferent dispersive electrode placed at the bottom of 
the bath. Saline concentration of the superfusatewas titrated to achieve 
a system impedance between 100 - 150 Ω. Commercially available 
ablation catheters with 3.5 mm tipsand 56P (Thermo Cool Smart 
Touch SF®, Biosense Webster Diamond Bar, CA, USA) and 3.5 mm 
tips and 6P (Thermo Cool Smart Touch ®, Biosense Webster Diamond 
Bar, CA, USA) ablation catheters were used to deliver ablation energy 
(Stockert SmartAblate™ HF generator, Biosense Webster Diamond 
Bar, CA, USA). Saline irrigation was infused through the catheter with 
an external pump (SmartAblate™ System Pump, Biosense Webster 
Diamond Bar, CA, USA). During RF energy delivery, irrigation of the 
electrode was maintained at either low flow rate (LFR) 2 cc/min or at 
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Abstract
The impact of variability in irrigation rates and catheter orientation on radiofrequency ablation (RF) lesion creation has not been studied 

systematically for the uniformly irrigated 56-pore (56P) catheter.This study aimed to analyze the impact of irrigation flow rates (IFRs) and 
catheter orientation (CO) settings on RF lesions sizes produced by a 56P irrigation catheter in a power-controlled mode using an ex-vivo 
model.RF lesions were created in strips of chicken muscle in a saline bath heated to 37°C with 56P and 6P catheters using low flow rate 
(LFR) at 2 cc/min and standard flow (SFR) irrigation rates at 8 cc/min for 56P and 17 cc/min for 6P with horizontal (HO) and vertical (VO) 
catheter orientations. Ablation power of 20W was delivered for 30 seconds with a mean contact force of 10 g.Sixty RF lesions were analyzed. 
For the 56P catheter, in contrast to the 6P catheter lesion geometry was independent of CO and IFR in our model. Although 6P catheter had 
slightly deeper lesions, the overall lesion volumes were similar for 6P and 56P catheters.CO and IFR appeared to have minimal impact on 
lesion volume creation with 56P catheter.In head-to-head comparison the 6P and 56P irrigated catheters performed similarly.
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standard flow rate (SFR) 8 cc/min for the 56P catheter; and standard 
flow rate 17 cc/min for the 6P catheter. Ablation lesions were created in 
a power-control mode at 20 W delivered for 30 s with contact force(CF) 
at 10 g. These parameters were selected as they closely recapitulate 
clinical operating settings for atrial fibrillation ablation procedures.5 CF 
was controlled via 3D mapping system (CARTO®,Biosense Webster 
Inc., Diamond Bar, CA, USA) (Fig.1). A zero-force point for the CF 
sensor was calibrated prior to each application.Experimental conditions 
for all permutations of CO (horizontal and vertical) and IFR (low 
and standard) were iterated using 6P and 56P irrigated catheters. RF 
lesion measurements were obtained by the tissue dissection through the 
midpoint of the lesion. Lesion geometry was described with measured 
parameters: lesion depth, length and width, and calculated parameters: 
lesion volume and surface area. Lesion dimensions were measured using 
a digital caliper (0.01 mm resolution) and used to calculate the lesion 
volume and electrode surface areas.  While there are several ways of 
determining lesion volumes, we followed the methodology from prior 
literature where chicken model was utilized and similar configurations 
were tested. 6,7

Lesion volumes were calculated as half the volume of an oblate 
spheroid using the Eq.1, lesion surface area was calculated using ellipse 
equation Eq.2.

lesion volume = 4/3∙π∙ d/2  ∙ l/2∙w/2   (1)
surface area = π∙l/2∙w/2    (2)

Where d is maximum lesion depth, l is lesion length, and w – width 
(Fig.2). When a steam-pop occurred, RF was terminated and repeated 
at a different site under the same experimental settings. No lesions with 
steam pops were included in the systematic lesion dimension analysis 
because the steam pop disrupted the lesion geometry.

A total of sixty RF lesions were created. The impact of varyingcatheter 
orientations (HO and VO) and IFR (SFR and LFR) for the 56P 
catheter operated in a power-controlled mode where ablation energy of 
20 W was delivered for 30 s with mean CF of 10 g was analyzed. For the 
56P catheter, recommended SFR was 8 cc/min, LFR was manually set 
to 2 cc/min. The total number ofthirty lesions was analyzed in 56P. To 
perform a head-to-head comparison of the irrigated catheter designs 
under SFRs and differential CO, thirty lesions were created using the 
6P catheter. Power of 20 W was delivered in power-control mode for 
30 s with mean CF at 10 g under SFR for 6P at 17 cc/min.

Statistical analysis 
Continuous variables were described as mean ±SD. Student t-test 

was used to compare lesion depths, surface areas and volumes. The 
effects of CO and IFR on lesion size were assessed by performing 
analysis of varianceANOVA for differences within groups. A p-value 
< 0.05 was considered significant.

Results
Catheter orientation had minimal effect on lesion characteristics 

for the 56P catheter.

There was no significant difference in lesions with varying catheter 
orientationson lesion depth, surface area or volume for SFR and LFR in 

the vertical (VO) and horizontal orientations (HO).The lesion depths 
for SFR VO, SFR HO, LFR VO and LFR HO were 4.7± 1.6, 4.9 ±1.1, 
4.6± 1.1 and 4.4 ±1.2 mm respectively. (p>0.05) The lesion surface 
area for SFR VO, SFR HO, LFR VO and LFR HO were 44.8 ±12.2 
44.3± 16.3, 57.1 ±11.2 and 55.8 ±15.8 mm2 respectively.(p>0.05)The 
lesion volumes for SFR VO  SFR HO, LFR VO and LFR HO were 
143.6± 56.6, 151.8± 75.1 , 176.8 ±57.8 and 168.2 ± 76mm3 respectively. 
(p>0.05) (Fig.3).

The impact of changing irrigation flow rates was minimal on lesion 
size.

While there was a slight increase in the surface area with LFR 
settings in VO, the overall lesion sizes were similar (Fig.3).ANOVA 
test showed no difference in the depth and volume for given power 
despite change in catheter orientation and flow rates.

Comparison of 6P catheter to 56P catheter showed similar lesion 
sizes.

Comparison of 6P catheter to 56P catheter showed similar lesion 

Figure 1: Illustration shows equipment and materials used for experimental 
setup.

Figure 2:

A: Schematic illustration of experimental model. B: Pore 
distribution of 6P and 56P irrigated catheters. C: Lesion geometry. 
Measured parameters: lesion depth, length and width. Calculated 
parameters: lesion volume and surface area.
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as was also reported by Nagakawa et al.14 In contrast to findings for 
the 6P catheter, lesion depth, surface area and volume appeared to be 
independent of CO in the 56P catheter. This is unlike the 6P irrigated 
platform where lesion sizes were larger, and non-irrigated platform 
where lesion sizes were smaller with the HO.11 We postulate that these 
findings may be explained by a larger irrigation pore distribution in the 
56P catheter, which could reduce the impact of CO as there could be 
significant reduction in the variability of the irrigation efficiency when 
the catheter is in HO. This could make the 56P platform function as 
a partially non irrigated platform when in contact with tissue in the 
horizontal orientation and might explain our observations. This could 
be advantageous in certain cardiac regions where manual dexterity in 
accomplishing desired catheter orientation may be limited.

Irrigation flow cools the electrode tip lowering the temperature at the 
electrode-tissue interface, thus reducing lesion size.15 Previous reports 
suggest that higher IFR reduces lesion surface diameter compared to 
lower IFR but can permit higher power delivery into the tissue.12,14 A 
prior study of Weiss et al. demonstrated that under similar experimental 
conditions to our study, higher IFR created smaller lesion surface 
diameters in 9-pore irrigated catheter operated in power-control mode 
with power delivery of 30 W per 30 s with CF of 10 g. 16 Interestingly, 
our findings suggested that the 56P platform supported marginally 
larger lesion surface area and volumes with LFR but overall had no 
significant difference with irrigation flow rates. This could be driven by 
the lower flow rates at baseline which further attenuates this difference 
when LFR settings were utilized.

Finally, while comparing 6P and 56P catheters, we noted that 
lesion sizes were similar. Our results appeared to be similar to findings 
by Winterfield et al who compared the impact of 6P, 56P and the 
Flexability catheter in a canine cardiac model,where overlap in lesion 
sizes created by different irrigated catheters including 6P and 56P was 
reported.17 However this study did not study the impact of catheter 
orientation and varying irrigation rates like we did.Based on the lesion 
dimensions, we postulate that the higher lesion depth with the 6P 
platform is offset by the larger surface area with the 56P at higher power 

sizes.Overall, these catheters performed similarly, the 6P catheter 
tended to create deeper lesions. The lesion depths for 56P HO versus 
6P HO was 4.9 ±1.1, and 5.3± 0.6 mm  respectively. (p>0.05) The 
lesion depths for 56P VO vs. 6P VO was 4.7± 1.6 and 5.5 ±0.6mm  
respectively.(p>0.05) The lesion surface area for 56P HO versus 6P HO 
was  44.3± 16.3 and 52.3± 10.9 mm2respectively.(p>0.05) The lesion 
surface area for 56P VO vs. 6P VO was 44.8 ±12.2  and 49.9± 12.5 
mm2respectively.(p>0.05).The lesion volumes for 56P HO versus 6P 
HO was  151.8± 75.1 and 172.1± 41.9  mm3respectively.(p>0.05) The 
lesion volumes for 56P VO vs. 6P VO was respectively143.6± 56.6 and 
181.2 ±44.4 mm3.(p>0.05)(Fig.4).

Discussion
The present study analyzes the impact of different settings on lesion 

geometry for a 56P catheter. Our main findings are as follows:

1. CO appears to have minimal impact on lesion sizes with 56P
catheter.

2. Similarly, IFR appeared to have no significant difference with
56P catheter

3. In head-to-head comparison under similar power and CF settings, 
6P and 56P created similar lesions with a trend for increased depth 
with 6P catheter.

Our goal was to systematically study a new catheter platform (56P), 
which is widely used with the conventional and studied catheter 
settings from a prior platform (6P).In AF ablation, the holy grail is 
to create a durable lesion mitigating risk of collateral injury, notably 
atrioesophageal fistulas. On strategy is to reduce power settings in the 
posterior wall where there has been a significant emphasis on posterior 
wall isolation as an AF trigger. 8,9,10 Hence, we selected a lower power 
setting to determine lesion characteristics with 6P and 56P using 
different configurations.

We studied the impact of CO on 56P and reviewed prior reports 
on the impact of CO on lesion geometry. 11,12,13 Wood et al. elegantly 
demonstrated that lesion volumes were 26% and 31% smaller for the 
closed and open irrigatednon-contact sensing platforms, respectively 
in HO compared to VO. Additionally, HO translated to lesser degree 
of electrode pressure per unit of surface. The impact on lesion surface 
area was not described. Interestingly, the impedance change was similar, 

Figure 3:

This panel shows the impact of catheter orientation and irrigation 
flow rates for 56 P catheter for lesion depth, surface area and 
volume. A: Lesion depth were similar between varying COs and 
IFRs, all p > 0.05. B: In VO lesion surface area was significantly 
larger in LFR (2cc/min) when compared to SFR (8 cc/min). 
Asterix indicates p < 0.05. C: Lesion volumes were similar among 
tested modalities, all p > 0.05.

Figure 4:

Lesion created under SFRs (17 cc/min for 6P, 8 cc/min for 56P) 
with the catheters in HO and VO were compared between 6P and 
56P catheter. A, D: Lesion depths were similar between56P and 
6P catheter in HO and VO,all p > 0.05. B, E: Lesion surface areas 
were similar among tested conditions,all p > 0.05. C: Lesion 
volumes were similar between 56P and 6P in HO, p > 0.05. F: In 
VO lesion volume was significantly larger for 6P, asterix indicates 
p < 0.05.
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sources and catheter technology for the ablation of atrial fibrillation. Journal of atrial 
fibrillation. 2010; 3: 2(5).

10. So-Ryoung L, Hyoung-Seob P, Eue-Keun C, Soonil K, Youngjin C, Il-Young O, 
Seil O, Seongwook H. Contact Force-Guided Ablation Reduced Poor Contact
Segments and Improved Acute Reconnection in Patients with Atrial Fibrillation. 
Journal of Atrial Fibrillation. 2020; 2:12(5).

11. Wood MA, Goldberg SM, Parvez B, Pathak V, Holland K, Ellenbogen AL, Han
FT, Alexander D, Lau M, Reshko L, Goel A. Effect of electrode orientation on
lesion sizes produced by irrigated radiofrequency ablation catheters. Journal of
cardiovascular electrophysiology. 2009; 11: 1262-1268.

12. Parvez B, Pathak V, Schubert CM, Wood M. Comparison of lesion sizes produced 
by cryoablation and open irrigation radiofrequency ablation catheters. Journal of
cardiovascular electrophysiology. 2008; 5: 528-534.

13. Nguyen DT, Olson M, Zheng L, Barham W, Moss JD, Sauer WH. Effect of Irrigant 
Characteristics on Lesion Formation after Radiofrequency Energy Delivery Using 
Ablation Catheters with Actively Cooled Tips. J Cardiovasc Electrophysiol. 2015. 

14. Nguyen DT, Olson M, Zheng L, Barham W, Moss JD, Sauer WH. Effect of irrigant 
characteristics on lesion formation after radiofrequency energy delivery using ablation 
catheters with actively cooled tips. Journal of cardiovascular electrophysiology. 2015; 
7: 792-798.

15. Wittkampf FH, Nakagawa H. RF catheter ablation: lessons on lesions. Pacing and 
Clinical Electrophysiology. 2006; 11: 1285-1297.

16. Weiss C, Antz M, Eick O, Eshagzaiy K, Meinertz T, Willems S. Radiofrequency
catheter ablation using cooled electrodes: impact of irrigation flow rate and catheter 
contact pressure on lesion dimensions. Pacing and Clinical Electrophysiology. 
2002;4: 463-469.

17. Winterfield JR, Jensen J, Gilbert T, Marchlinski F, Natale A, Packer D, Reddy V, 
Mahapatra S, Wilber DJ. Lesion size and safety comparison between the novel flex 
tip on the FlexAbility ablation catheter and the solid tips on the ThermoCool and 
ThermoCool SF ablation catheters. Journal of cardiovascular electrophysiology. 
2016;1: 102-109.

18. Guerra JM, Jorge E, Raga S, GÁLVEZ‐MONTÓN CA, ALONSO‐MARTÍN
CO, RODRÍGUEZ‐FONT EN, Cinca J, Vinolas X. Effects of open‐irrigated
radiofrequency ablation catheter design on lesion formation and complications: in 
vitro comparison of 6 different devices. Journal of cardiovascular electrophysiology. 
2013; 10:1157-1162.

settings, similar to findings from a prior study.18

Study limitation
While the principles that govern thermal lesion creation are the 

same as in vivo, the lack of circulating blood, contracting myocardium 
and clinical factors are important differences. Only acute lesion sizes 
can be assessed, and lesions may change over time during healing. 
The absence of blood precludes assessing the impact of charring and 
thrombus formation.We adjusted impedance in our saline bath to 
be similar between experiments with an addition of “as needed” salt 
introduction given our in vitro model and impedance measurements 
were not obtained owing to this. In addition, the lesions were assessed 
for size based on gross measurements. Whether this reflects the entire 
zone of ablation injury is a matter of debate and beyond the scope of 
the current manuscript. We did not analyze or log the steam pops which 
may have yielded further information but the lower power settings 
should render this less relevant. Future studies should evaluate this 
systematically.

Conclusion
Overall, the 56 P catheter appears to be less impacted by CO and 

IFR. In comparison to its predecessor 6P, 56P appears to comparably 
perform for lesion volumes at given settings.
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Introduction
Atrial fibrillation (AF) is the most common recurrent arrhythmia 

in clinical practice and represents an important cause of morbidity 
and mortality 1. AF is associated with an increased occurrence of  
death 2, heart failure 3 and embolic phenomena, including stroke 4. 
Its prevalence increases with patients’ age, cardiovascular risk factors, 
coronary artery disease, structural heart disease and elevated cardiac 
filling pressures, among other phenomena 5-7.

Cardiac troponin is a highly sensitive and specific marker 
ofmyocardial damage 8.  Patients with elevated levels of troponin are 
considered to have an increased risk ofmajor cardiac events. As shown 
in multiple studies, minor troponin elevations result in prognostic 
outcomes in different cardiac patient populations, such as heart failure 
9 acute coronary syndromes 10,11 and  stable coronary artery disease 12.

Troponin assays have improved over the past 10 years, and high-
sensitivity troponins (hs-cTn) have been introduced in clinical practice 
since 2012. Hs-cTn assays reliably detect very low troponin levels in 
plasma, enabling early diagnosis;  and present a much lower absolute 
coefficient of variation, accurately detecting small variations over time 
and differentiation of chronic and acute elevations. 13,14. Hs-cTn have 
improved its prognostic value in almost every individual 15-16

Increased cardiac troponin concentrations are common in patients 
with AF. The mechanisms causing cardiac troponin releasein this 
setting require further study, but are likely related to a myocardial 
oxygen supply–demand mismatch in the setting of tachyarrhythmia. 
In addition, AF patients often present associated chronic cardiac 
conditions that relate with elevated cTn17.

It is already known that high levels of hs-cTn in patients with AF 
are linked to an adverse prognosis, based on secondary analyses of 
randomized controlled trials instable patients 18,19. The prognostic value 
of troponin in patients with AF consultingto emergency departments 
has not been established conclusively.
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Abstract
Introduction: Elevated levels of cardiac troponin (cTn) indicate underlying heart disease and isknown to predict adverse events in multiple 

conditions. Its role in atrial fibrillation (AF) in the acute setting is still not conclusive. We aimed to assess the prognostic value of c-Tn in 
patients with AF admitted to an emergency department (ED).

Methods: Systematic searches were conducted using PubMed and the Cochrane Library and the International Clinical Trials Registry 
Platform to identify studies from year 2009 to October 2019 reporting on the prognostic value ofcTn on all-cause mortality or major adverse 
cardiac events (MACE) in adult patients with AF in the ED. We pooled hazard ratio (HR) and 95% confidence interval (CI) using fixed and 
random effects models according the heterogeneity. We planned to conduct a sensitivity and subgroup analyses.

Results:  Five studies involving 5750 patients were identified. The mean follow-up ranged from 12 to 35 months. An increase inmortality 
was observedin the elevated cTn group compared to the controls, HR=2.7 (95% CI 1.55-4.72), P for effect<0.001, I2=80%). For MACE, the 
pooled HR was 2.17 (95%CI 1.60-2.94), P for effect <0.001, I2=0%). In the subgroup analysis we found no significant difference in type of 
troponin used and study design.

Conclusion: The elevation of cardiac troponin was significantly associated with higher mortality and major adverse cardiac events in 
patients with AF admitted to an ED. In this setting the use of c-Tn could provide prognostic information.
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We conducted a systematic review and meta-analysis with the aim 
of assessing the prognostic value of troponin in patients with AF in 
the emergency department. 

Methods
We adhered to the PRISMA (Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses) statement 20 in conducting 
and reporting this systematic review.

Search methods for identification of studies
Systematic searches were conducted to identify studies using 

PubMed, the Cochrane Library and the International Clinical Trials 
Registry Platform.Those published from the year 2009 to October 
2019onwards were included,using the terms: “atrial fibrillation”, 
“troponin”, “emergency department”, “Emergency Service” or 
“Emergency department”, and “mortality” or “death” as either keywords 
or MeSH headings.

We handsearched the reference list of all relevant publications 
(retrieved full texts of the key articles and identified reviews). We did 
not impose limits on eligibility related to the healthcare settings where 
the study took place, the language of publication and the number of 
participants in the included studies.

Selection of studies for inclusion
Titles and abstracts were independently screened by tworeviewers 

(LMB and JPC) to identify potentially relevant articles. Discrepancies 
in judgment were resolved after discussion. Full-text articles were 
included in our analysis if they fulfilled the following: 

a) prospective and retrospective studies with patients >18 years with 
AF presenting to an emergency department; b) Reported use of a Tn 
assay (T or I); c) all-cause mortality or major adverse cardiac events 
(MACEs) as outcomes during follow-up. d) follow-up duration time 
for at least 1 year. e) exclusion of patients with MI (NSTEMI and 
STEMI) as main diagnosis of index admission. f )reported statistical 
method of adjustment (Cox regression or multivariable logistic 
regression) for all-cause mortality or MACEs between patients with 
and without cardiac troponin elevation.

We excluded the following types of studies: Narrative or systematic 
reviews, case reports or case series, studies reported only in abstract 
form or in conference proceedings where the full text was not available, 
and studies not published in a peer-reviewed journal.

Data extraction and management
Data extraction was performed independently by tworeviewers 

(LMB and JPC) and all disagreements were resolved through discussion 
or arbitration. Data extraction included first author, year of publication, 
region, study design, number of patients, study period, characteristics 
of the study population, type of troponin, outcome measures, time of 
follow-up and methodological quality items. 

Assessment of methodological quality
The Newcastle-Ottawa Scale was used to assess methodological 

strength in non-randomized studies 21. A “star system” was developed, in 
which a study is judged on three broad perspectives: the selection of the 
study groups; the comparability of the groups; and the ascertainment of 
the outcome of observational studies. In this system, 9 stars represent 
the highest level and those studies that get 6 stars are of high quality.

We initially searched and evaluated unpublished and published study 
databases and conference proceedings.During the process of qualifying 
the studies for inclusion in this review, we faced substantial difficulty in 
obtaining full text publications or further details of studies published in 
an abstract form. This precluded a reliable assessment of eligibility and 
methodological quality, and we decided not to include these publication 
sources in this review.

Sensitivity and subgroup analyses
In order to evaluate the influence of each study on the overall effect 

size, sensitivity analysis was conducted using the one-study remove 

Central 
figure: Forest plot of the comparison of elevated c-Tn on mortality

Figure 2: Forest plot of the comparison of elevated c-Tn on mortality Figure 1: PRISMA flow chart detailing the literature search process
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onefrom Israel 30. All the included studies were observational, three 
of them had retrospective designs 29-31. In the Conti et al 29and Naffaa 
et al 30 studies was not informed whether the selection of patients was 
consecutive or unselected.

High-sensitivity assays were used to measure troponin T at 
presentation in two studies 31-32 and troponin I in the rest of them 28-

30. The definition of Positive Tn for statistical analysis was dissimilar
across the different studies (supplementary Material Table S2). The 
most frequent statistical method of adjustment was by Coxregression 
in four studies 28,30-32, and multivariable logistic regression model in 
the other 29. MACE outcome was evaluated in three of the included 
studies 28-30.The mean follow-up period was more than one year in all 
the included studies 28-32. 

The mean age and incidence of classic cardiovascular factor in 
patients included were similar across studies (supplementary Material 
Table S3).

In two studies 28,31 the type of atrial fibrillation was described, which 
was paroxysmal in 29-30.9% of the cases In three studies the admission 
heart rate was reported, which had a similar average between them 
29,30,32.

Publication bias
It could not be performed given the low number of studies included.

Effects of interventions
Four studies 28,30-32 reported on mortality, with a total of 4527 patients 

included. An increase inmortality was seen in the elevated cTn group 
compared to the controls, with a HR=2.7 (95%CI 1.55-4.72), P for 
effect<0.001, I2=80%. Pooled results from the random effect models 
are shown in Figure 2.  

Three studies 28-30 reported the prognostic value of cTnina composite 
of outcomes. A total of 1629 patients were included. The pooled HR 
was 2.17 (95%CI 1.60-2.94), P for effect<0.001, I2=0%) for the 
elevated c-Tn group. Pooled results from the fixed effect models are 
shown in Figure 3.  

Sensitivity analysis
The strength of the pooled estimate was robust, and the heterogeneity 

did not significantly differ according to the characteristics of 
individual studies in the leave-one-out sensitivity analysis. Excluding 
Stoyanovet al study from the analysis, the overall effect was statistically 
significant(HR 1.87 95%CI 1.6-2.19; P<0.0001) but without statistical 
heterogeneity 0% (Figure 4).  

(leave-one-out) approach 22, to confirm that our findings were not 
driven by any single study and to explore heterogeneity 23.  

We planned to conduct subgroup analyses to assess the impact 
of type of cardiac troponin measured, study design (prospective vs. 
retrospective), and type and time of onset of AF.

Statistical analysis
We pooled hazard ratio (HR) and 95% confidence interval (CI) 

using fixed and random effects models according the heterogeneity. 
Heterogeneity among studies was quantified with the I2 metric, which 
is independent of the number of studies in a meta-analysis. I2>50% 
indicates significant heterogeneity between the studies 24. Based on the 
test of heterogeneity, the pooled HR was calculated using the fixed-
effects model when lacking of heterogeneity, while random-effects 
modeling was adopted when heterogeneity existed. 

We converted median and range values to means and SDs according 
the actual suggested statistical method 25.

Publication bias was estimated in case we found more than 10 studies 
by the visual inspection of funnel plot. Egger’s regression test was used 
to examine the asymmetry of the funnel plot 26.

All data from the included studies were extracted into Review 
Manager (RevMan 5.3) and Meta-Essentials 1.5. The screening process 
was performed with the reference manager Rayyan QCRI 27. 

Results
Search results 

Three hundred seventy-two studies were identified through a 
computerized literature search, among which 149 were duplicates 
and 202 were excluded after an initial review of titles and abstracts. 
The remaining 21 publications were reviewed in full-text and assessed 
against inclusion criteria. Finally, 5 were selected for the systematic 
review and meta-analysis 28-32.

The search and selection process is depicted in a PRISMA flow 
diagram (Figure 1)

Risk of bias in included studies
Risk of bias evaluation according to NOS assessment tool for cohort 

studies is illustrated in supplementary Material Table S1.

Study and patients characteristics
A total of fivestudies were included in the meta-analysis with 5750 

patients. The majority of the studies were from Europe 28,29,31,32, and 

Figure 3: Forest plot of the comparison of elevated c-Tn on MACE

Figure 4: Forest plot of the comparison of elevated c-Tn on MACE
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Release fromthis cytoplasmaticpool would take place in situations 
in which cell membrane permeability has been altered, such as 
inflammation (as seen in myocarditis), and transient ischemia 34. 
Another potential cause of troponin release could be associated with 
cellular liberationof proteolytic troponin degradation products, during 
which small fragments may pass through an unscathed cell membrane. 
This mechanism could justify troponin elevation in heart failure or 
tachyarrhythmias 34-36. 

Data regarding the prognostic role of elevated cardiac troponin 
value in AF patients, inboth the short and long-term period, are scarce. 
Nowadays, there are limited recommendations about the use of cTn 
levels in the management of AF patients 37.  . The 2016 European 
consensus document suggests the evaluation of cardiac biomarkers 
(both cTn and/or brain natriuretic peptide) to improve the estimation 
of stroke and bleeding events (level of evidence IIb-B) without giving 
any suggestions about the possible prognostic role 38, similar to the 
2014 American AF Clinical practice guidelines and its 2019 update 
39-40. The absence of strong recommendations in AF guidelines reflects 
that biomarkers have not been integrated into its routine management.

The prognostic value of elevated troponin levels in patients with AF 
and its mechanism can currently only be an area of speculation 18. The 
underlying mechanisms for this independent relationship are probably 
multifactorial:aging and tissue vulnerability, myocardial necrosis and 
apoptosis, myocardial stress (e.g., due to increased or variable heart 
rates), myocardial dysfunction with variations in atrial and ventricular 
volume and pressure load, and episodes of myocardial ischemia (e.g., 
due to microembolism) 41-43. However, even without a complete 
understanding of the underlying mechanisms, the firm evidence of the 
incremental prognostic value of hs-TnT for risk stratification and the 
availability of this test in almost every hospital worldwide should make 
it a very attractive tool to include as decision support for treatment 
selection in patients with AF 19.

Subgroup analysis
Type of troponin

In this subgroup analysis, we found no statistically significant 
differences according to the type of troponin used (Figure 5). We 
could not perform a subgroup analysis of type of troponin on MACE 
outcomes, because all the included studies used c-Tn I.

Study design
For all-cause mortality and MACE outcomes, no differences were 

found between both subgroups (Figure 6 A and B).

The studies included in the analysis did not discriminate the 
outcomes according to the type or the time of AF onset.

Discusion
This is the first meta-analysis to evaluate the prognostic value of 

troponin elevation in patients with AF admitted to an emergency 
department.

The main finding inour study is the high prognostic value of 
troponin,which was associated with an increased risk of all-cause 
mortality and MACE in this acute setting. 

The mechanisms of elevated bloodstream troponin levels are multiple. 
Myocyte necrosis produces enzymatic degradation of the internal 
structures and sustained release of high amounts of troponin. However, 
as it has been previously mentioned, small amounts of Troponin T and 
Troponin I are free in the cytoplasm and exchange with those in the 
sarcomere. 

It would be expected that if there is a quick release from this pool, 
troponin blood levels would fall with a rapid washout. The half-life 
of measurabecTnT and cTnI is about two hours. Rapid rise and fall 
within 24 h may therefore be consistent with a release from this pool 
and reversible myocyte damage rather than necrosis, where a time-
dependent fall over a longer period (4 to 10 days) would be expected 
because of gradual degradation of myofibrils and release of the troponin 
complex 33.

Figure 5: Forest plot of the subgroup analysis on mortality: type of troponin

Figure 
6A&6B:

Forest plot of the subgroup analysis on mortality and MACE: 
Design of study
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treatment strategies. J Thorac Dis. 2016;:E886–E900
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M. Use of Biomarkers to Predict Readmission for Congestive Heart Failure. Am. J. 
Cardiol. 201701;119:445–45

10. James SK, Armstrong P, Barnathan E, Califf R, Lindahl B, Siegbahn A, et al. 
Troponin and C-reactive protein have different relations to subsequent mortality
and myocardial infarction after acute coronary syndrome: a GUSTO-IV substudy. 
J Am CollCardiol 2003;41:916–24.

11. Lindahl B, Toss H, Siegbahn A, Venge P, Wallentin L. Markers of myocardial
damage and inflammation in relation to long-term mortality in unstable coronary 
artery disease. FRISC Study Group. Fragmin during Instability in Coronary Artery 
Disease. N Engl J Med

12. Omland T, de Lemos JA, Sabatine MS, Christophi CA, Rice MM, Jablonski KA, 
et al. A sensitive cardiac troponin T assay in stable coronary artery disease. N Engl 
J Med 2009;361:2538–47.

13. Costabel JP, Burgos LM1, Trivi M. The Significance Of Troponin Elevation In Atrial
Fibrillation.J Atr Fibrillation. 2017;9:1530

14. Weber Michael, Bazzino Oscar, Navarro Estrada Jose Luis, de Miguel Raul, Salzberg 
Simon, Fuselli Juan J, LiebetrauChristoph, WoelkenMariella, Moellmann Helge, 
NefHolger, Hamm Christian. Improved diagnostic and prognostic performance of 
a new high-sensitive troponin T assay in patients with acute coronary syndrome.
Am. Heart J. 2011;162:81–8

15. Venge P, Johnston N, Lindahl B, James S. Normal plasma levels of cardiac troponin 
I measured by the high-sensitivity cardiac troponin I access prototype assay and the 
impact on the diagnosis of myocardial ischemia. J Am CollCardiol 2009;54:1165–72.

16. Reichlin T, Hochholzer W, Bassetti S, Steuer S, Stelzig C, Hartwiger S, et al. Early 
diagnosis of myocardial infarction with sensitive cardiac troponin assays. N Engl J 
Med 2009;361:858–67

17. Eggers KM, Lindahl B. Application of Cardiac Troponin in Cardiovascular Diseases 
Other Than Acute Coronary Syndrome.Clin Chem. 2017 Jan;63(1):223-235.

18. Hijazi Z, Oldgren J, Andersson U, Connolly SJ, Ezekowitz MD, Hohnloser
SH et al. Cardiac biomarkers are associated with an increased risk of stroke and
death in patients with atrial fibrillation: a Randomized Evaluation of Long-term
Anticoagulation Therapy (RE-LY) substudy. Circulation 2012;125:1605–16.

19. Hijazi Z, Wallentin L, Siegbahn A, Andersson U, Alexander JH, Atar D et al. High-
sensitivity troponin T and risk stratification in patients with atrial fibrillation during 
treatment with apixaban or warfarin. J Am CollCardiol 2014;63:52–61.

20. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gøtzsche PC, Ioannidis JP. The
PRISMA Statement for Reporting Systematic Reviews and Meta-Analyses of
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To our knowledge, there is only one published meta-analysis 44 that 
assessed the prognostic value of any troponin assay in patients with AF 
, and also included studies with patients in all types of settings. They  
observedthat elevated basal cardiac troponin level is independently 
associated with an increased risk of MACEs and all-cause mortality.

We consider that it is important to differentiate the prognostic 
impact of troponin in the acute context. Patients with acute AF 
presentation at the emergency department usuallypresent with a faster 
heart rate 45. Several studies showed that elevated heart rate is one of the 
determinant factors forhigher c-Tn, and this  phenomenondid not have 
a strong association with significant epicardial coronary artery disease 
46-48. Weobserved that, even in this context, elevated cardiac troponin
is associated with an adverse prognosis. 

The present meta-analysis should be interpreted within the context 
of its limitations. We present data of cohorts with retrospective data 
collection. We can also mention the high heterogeneity found in all-
cause mortality outcomes. Nevertheless, during sensitivity analysis, we 
found that with the removal of the Stoyanov et al study the heterogeneity 
fell to 0%. The same was observed in the subgroup analysis,. This study 
included patients with different clinical characteristics than the other 
studies, with patients with higher values of troponin as they were more 
likely to present with acute myocardial infarction rather than secondary 
myocardial ischemia. Interestingly, MACE outcomes did not showed 
statistical heterogeneity, even though they were composed of different 
variables. One reason may be that they all included the same type of 
troponin and similar population characteristics. Other limitation is 
that we included studies with different troponin assays and different 
cut-off points. We could not perform a subgroup analysis with the type 
or time of onset of AF , since the data was not available. Finally, it was 
not possible to perform an analysis of publication bias since the number 
of included studies was less than ten.

In spite of these limitations, cardiac troponin may be useful in acute 
AF in the emergency department, providing prognostic information 
and the possibility of risk stratification. 

Further research is needed to assess the prognosis of elevation and 
dynamic patterns of elevatedhs-cTn in patients with and without a 
history of coronary heart disease. A large prospective study needs to be 
initiated to address this issue,taking into consideration the type, rate 
and duration of AF.

Conclusion
The elevation of cardiac troponin was significantly associated with 

higher mortality andmajor adverse cardiac events in patients with 
atrial fibrillation admitted to an emergency department. In this setting 
the use of cardiac troponin could provide prognostic information and 
potentially stratify the patients’ risk.
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Introduction
Hypertrophic cardiomyopathy (HCM) is the most common 

inherited cardiovascular disorder, with a reported prevalence of 1 
in 500 in the general population1, and is a leading cause of sudden 
death in young people2,1,3. HCM is characterised by significant 
heterogeneity in terms of causative genetic mutations and phenotypic 
expression. Consequently, HCM populations internationally may differ 
significantly in terms of their clinical characteristics and outcomes. In 
Ireland, HCM was the most common cause of sudden cardiac death 
(SCD) in patients younger than 25 years in the 10 years between 1993 
and 20024 and the third most common cause of SCD in patients aged 
between 15 and 35 years, from 2005 to 20075.

Atrial fibrillation (AF) is the most common sustained arrhythmia 
and clinical complication in patients with HCM6, and its development 
is characterised by deterioration in clinical status, functional capacity, 
quality of life and outcome1, 7-9. The unfavourable prognosis in HCM 
patients with AF is secondary to the resultant increased risk of heart 
failure-related mortality, thromboembolism, and severe functional 
impairment10.AF has been reported to be present in approximately 5% 
of HCM patients at the time of diagnosis, with an annual incidence 
of 2% per year, almost 5-times that of the general population8. Indeed, 
the true annual incidence of AF may be higher, with a recentstudy 
demonstrating a 7% annual incidence of device-detected AF in patients 
with implantable cardiac devices11 A number of factors have been 
identified that predict susceptibility to AF in the HCM population. 
These include advancing age12, left atrial enlargement1, 13, 14,  mitral 
regurgitation severity, and the presence and extent of myocardial 
fibrosis13, 15. however not all studies have concurred.

The overall prevalence of AF in HCM patientshas been reported 
to be 22%16, from systematic review of the literature, however, the 
prevalence within reported populations internationally varies widely, 

www.jafib.com Oct-Nov 2020, Volume-13 Issue-3

Abstract
Aims: Atrial fibrillation (AF) is the most common sustained arrhythmia in patients with hypertrophic cardiomyopathy (HCM), and is 

associated with deterioration in clinical status and outcome. To date, no data have been published pertaining to AF in an Irish HCM population.

Methods and Results: 159 patients with HCM attending St Vincent’s University Hospital and Blackrock Clinic, Dublin, were identified. 
Detailed review of medical notes, Holter monitor, echocardiogram, cardiac MRI (CMR) and implantable cardioverter-defibrillator (ICD) records 
was performed.

Prevalence of AF was 38.4%. HCM patients with AF (HCM-AF) were older(60.6±14.8v54.9±17.3 years, P=0.016) and more symptomatic 
(NYHA II: 29.7%v16.9%, NYHA III: 4.3%v 1.2%) than HCM patients without AF. History of stroke was recorded in 16.4% of HCM-AF patients, 
compared with 1% in those without AF. 

HCM-AF patients had lower left ventricular ejection fraction (echo: 59.5±11.8v68±8, P<0.001; CMR:62.3%v70.5%, P<0.01) and higher 
left atrial diameter (echo: 49.8±9.5v40.9±7.4, p<0.001; CMR62.3±11.3v70.4±9, p<0.001), compared with those without AF.Myocardial 
fibrosiswas detected on CMR in 74% of HCM-AF patients and 62% of those without AF.

34% of patients had an ICD in situ, of whom 61% had AF. 24% of these HCM-AF patients received inappropriate shocks, all triggered by AF.

Conclusion: AF is common in the Irish HCM population. It is associated with increased risk of stroke, deterioration in symptom status and 
is  a common trigger for inappropriate ICD discharge. We have shown, in-keeping with previous studies, that AF is associated with reduced 
EF, increased LA diameter and mitral regurgitation in this HCM population.



www.jafib.com Oct-Nov 2020, Volume-13 Issue-3

Featured ReviewJournal of Atrial Fibrillation Featured ReviewJournal of Atrial Fibrillation38 Original Research

ranging from 18-35%16.This is unsurprising given the marked genetic 
and phenotypic heterogeneity that characterises HCM. For this reason, 
it is important to determine local characteristics of HCM populations, 
to identify areas for risk reduction and therapeutic intervention.

To date, no data has been published relating to AF in a HCM 
population in Ireland. Here, we report on the clinical and imaging 
characteristics of a cohort of HCM patients in Ireland, as well as the 
prevalence and impact of AF in this Irish HCM population. 

Methods
Patient Identification

A cohort of 159 adult patients with HCM attending St Vincent’s 
University Hospital, and Blackrock Clinic, Dublin, was identified via 
electronic radiology and echocardiography reports, clinical letters, and 
chart review. 

Clinical Evaluation
Clinical information pertaining to symptom status, family history, 

risk factors for SCD and current medications was collected by detailed 
review of medical notes and out-patient letters. Information on the 
presence or absence of AF, sustained or non-sustained ventricular 
tachycardia, or other arrhythmia, was obtained by review of Holter 
monitor reports, medical notes, ECGs, and pacemaker/ICD 
interrogation reports. The occurrence of appropriate or inappropriate 
ICD discharge was established based on ICD interrogation reports 
and review of medical notes.

Imaging characteristics were obtained from transthoracic 
echocardiogram (TTE) and cardiac MRI (CMR) reports.

Details were recorded at a single time-point for each patient, 
reflecting the most recent clinical and imaging details at the time 
of investigation. In those cases where clinical or imaging data were 
incomplete, these patients were omitted from analysis of the affected 
parameters.

Echocardiography
Echocardiographic measurements were made on TTE in the 

standard views, as per the European Society of Echocardiography 
guidelines. Left ventricular hypertrophy was assessed on TTE in 
the parasternal short-axis view at end diastole, at the mitral valve 
and papillary muscle levels. Left ventricular end-diastolic diameter 
(LVEDD) and end-systolic diameter (LVESD) were measured from 
parasternal long-axis views. The left ventricular outflow tract (LVOT) 
gradient was calculated from continuous-wave Doppler using the 
simplified Bernoulli equation.

Cardiac MRI
All subjects were examined on a 1.5 Tesla magnet (Avanto, Siemens, 

Erlangen, Germany) using an eight-element phased-array cardiac coil 
for signal reception. Left and right ventricular function was obtained 
with single slice cine images using a steady-state free precession 
(SSFP) technique (repetition time, 3.5msec; echo time, 1.4msec; 
matrix, 192x192; field of view, 34x34 cm; slice thickness 6mm, slice gap 
1mm) obtained in two-chamber, four-chamber and short axis planes 

to include the entire ventricle from base to apex. These were followed 
by a bolus injection of 0.2 mmol/Kg of hand-injected gadopentetate 
dimeglumine (Gd-DTPA - Schering AG, Berlin, Germany). Between 
10 -12 minutes later, LE CMR was obtained by using single slice 
double inversion-recovery prepared gated fast-gradient echo pulse 
sequences. Late enhancement images were acquired to optimally 
show normal myocardium/trabeculae (dark) and regions of LE within 
myocardium (bright) with proper selection of the inversion time (TI). 
Imaging parameters were as follows: TR 7.1ms; TE 3.1ms; image 
matrix 256x192; flip angle 20o; inversion pulse 180o; slice thickness 7, 
slice gap 1mm, and TI between 150 and 300ms.

Data Analysis
Data are expressed as mean +/- standard deviation or frequency 

(percentage), as appropriate. Differences in continuous variables 
with normal distribution were assessed using the two-sample t-test. 
Categorical variables are expressed as percentages and were compared 
using the Fisher’s exact test. Statistical significance was defined by 
P<=0.05. 

Ethical Approval
Approval was granted from the clinical research and audit committee, 

St. Vincent’s University Hospital.

Results
Patient demographics

A total of 159 patients with HCM were identified for whom rhythm 
and imaging data were available. Of these, 99 (62.3%) were male. The 
median age was 59 years, with a range from 17-90 years. There was 
a documented family history of HCM in 30.2% of cases. (Table. 1). 

Clinical Characteristics at Registration
The clinical characteristics and risk factors for SCD in the HCM 

population are listed in Table 1. 27.7% of patients were known to have 

Figure 1: Symptom status in HCM patients with and without atrial
fibrillation

LA, left atrial; LV, left ventricular; MV, mitral valve; TTE transthoracic echocardiogram; MRI, 
magnetic resonance imaging;
LVOT, left ventricular outflow tract.
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rhythm. The proportion of patients reporting NYHA I symptoms was 
significantly higher in HCM patients without AF, compared with 
those with AF (80.7% vs 64.6%, p<0.05) , with 29.8% and 4.2% of AF 
patients in NYHA Class II or III, respectively, compared 16.9% and 
1.2% of patients without AF.  (Figure 1).

The overall prevalence of thromboembolism in HCM patients with 
AF in published cohorts is 27%, with a range from 19-58%(16). In 
this HCM cohort, a total of 17 patients were documented to have 
experienced CVA and/or TIA. CVA occurred in 11 patients (6.9%), 
and transient ischaemic attack (TIA) occurred in 10 patients (6.3%). 
91% of the patients who experienced CVA, and 70% of the patients 
with previous TIA had  documented AF. Stroke had occurred in 18% of 
HCM patients with AF in this cohort. The overall prevalence of CVA/
TIA in this HCM-AF cohort was 27.8%. (Table 1).

Medications in use at the time of index review were known for 145 
patients (Table 1). The most frequently used medications were beta-
blockers (70.3%), statins (66.2%) and  antiplatelet agents (33.7%). 39 
patients with AF (67.3%) were taking an oral anticoagulant (OAC) at 
the time of index review which was significantly lower than expected, 
while a further 2 patients with AF had stopped OAC due to bleeding 
complications. 

Imaging Characteristics in HCM patients with and without AF
All patients had baseline imaging performed by means of standard 

transthoracic echocardiography (TTE, n=152) or cardiac MRI (CMR, 
n=109), or both. Imaging characteristics were recorded for each patient, 
and are presented in Table 2.

HCM tends to be a hyperdynamic state, usually resulting in supra-
normal left ventricular ejection fraction (LVEF). In the HCM group 
as a whole, the average LVEF measured on TTE was 64.6±10.5%, 
and measured by CMR was 69.9+-10.5%. There was a statistically 
significant reduction in LVEF in HCM patients with AF compared 
with those in sinus rhythm, as measured by TTE (59.5±11.8% vs 
68±8%, P<0.001) and CMR (62.3±11.3% vs 70.4±9%, p<0.001) (Table 
2 and Figure 2).

Left atrial (LA) diameter was measured by TTE and CMR. In the 
group as a whole, the average LA diameter was 44.3±9.4mm, measured 
by TTE, and 37.6±8mm measured by CMR. As expected, LA diameter 
was significantly increased in HCM patients with AF compared with 
those without AF, as assessed by TTE (49.3+/-9.5mm vs 40.9+/-
7.4mm, P<0.001) and CMR (42.7+/-9.4mm vs 35.3+/-6.5mm, 
P<0.001). 61.2% of patients with AF had moderately or severely dilated 
LA on TTE, while moderate to severe LA dilatation was present in 
22.8% of HCM patients without AF(p<0.0001).

Left ventricular end diastolic dimension (LVEDD) and left 
ventricular end systolic dimension (LVESD), as assessed by TTE, in the 
HCM group as a whole were 47±6.6mm and 29.2±6.5mm, respectively. 
There was a trend towards larger LVEDD in the AF group that did 
not reach statistical significance (48.1+/-6.8mm vs 46.4+/-6.6mm, 
p=0.08), and there was a significant increase in LVESD in the AF 
group compared with those without AF (31.6+/-7.9 vs 27.7+/-5mm, 
p<0.001), as measured by TTE, which may reflect the progression 

had one or more episodes of sustained or non-sustained ventricular 
tachycardia. 11.3% had one or more episodes of syncope, while a family 
history of SCD was present in 20.8% of cases. Eight patients (5%) had 
LVwall thickness of >30mm. Of the 73 patients with exercise stress test 
results documented, 9 (12.3%) had a hypotensive response to exercise. 
One patient (0.6%) had survived a previous cardiac arrest. 

Prevalence and complications of Atrial Fibrillation
Atrial fibrillation was documented in 61 patients (38.4%) in this 

HCM population. Patients with documented AF were significantly 
older than those without AF (mean age 60.6 +/-14.8 v 54.9+/-17.3 
years, P=0.016), and there was a male preponderance in the AF group 
(63.9%). 28% of the HCM patients with AF were aged 50 years or 
younger. 

New York Heart Association (NYHA) functional class was 
documented for 131 patients (47 AF, 83 non-AF). Patients with AF 
were more likely to be symptomatic than those HCM patients in sinus 

Figure 2: Imaging characteristics of HCM patients with and without atrial
fibrillation.

A. Assessment of LVEF by TTE; B. Assessment of LVEF by CMR; C. Comparison of chamber 
dimension and LV wall thickness assessed by TTE; D. Comparison of chamber dimension and LV 
wall thickness assessed by CMR.  **p<0.001
HCM, hypertrophic cardiomyopathy; LVEF, left ventricular ejection fraction; CMR, cardiac MRI; 
TTE, transthoracic echocardiogram; LVEDD, left ventricular end diastolic dimension; LVESD, left 
ventricular end systolic dimension; IVSD, interventricular septal dimension; PWT, posterior wall 
thickness.
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patients with implantable cardiac devices in situ. 

The overall maximal LV wall thickness in the HCM cohort was 
measured by TTE at 18.2±6mm, and at 18.1±6.1mm by CMR. There 
was no significant difference in the degree of septal hypertrophy in 
the AF group compared with those patients without AF, as measured 
by TTE or CMR (18.3±05.6mm vs 18.2±6.3mm, p=0.46; and 
19.2±4.8mm vs 17.5±6.5mm, p=0.16). (Figure 2)

Myocardial fibrosis was detected in 66% (72 patients) of the HCM 
patients who underwent CMR in this cohort (n=109). There was a 
higher prevalence of myocardial fibrosis in HCM population with AF 
than those without AF (73.7% vs 61.9%), however this did not reach 
statistical significance. Similarly, there was no significant difference in 
the severity of LGE between the two groups. 

Table 1: Clinical characteristics of HCM patients with and without AF at 
index review.

All patients 
(n=159)

Patients with 
AF (n=61)

Patients 
without AF 
(98)

P-Value

Age at registration, years (mean, 
range)

59 (17-90) 61 (21-90) 57.5 (17-90) 0.016

Gender: male (%) 99 (62.3%) 39 (63.9%) 60 (60.6%) 0.738

Family history HCM 48 (30.2%) 14 (23%) 34 (34.7%) 0.155

Atrial fibrillation 61 (38.4%)

Risk factors for SCD

NSVT 44 (27.7%) 23 (37.7%) 21 (21.4%) 0.74

Syncope 18 (11.3%) 10 (16.4%) 8 (8.1%) 0.128

Family history SCD 33 (20.8%) 10 (16.4%) 23 (23.5%) 0.32

LV>30mm 8 (5%)

Hypotensive response to 
exercise (n=73)

9 (12.3%) 3 (15.8%, 
n=19)

6 (11.1%, 
n=54)

0.688

Aborted SCD 1 (0.6%) 1 (1.6%) 0 0.384

LVOT grad >30mmHg 29 (18.2%) 11 (18%) 18 (18.4%) 1.0

Symptoms at index review  (n=143) (n=53) (n=90)

Chest Pain 23( 16.1%) 5 (9.4%) 18 (20%) 0.11

Palpitations 36 (25.2%) 19 (35.8%) 17 (18.9%) 0.03

Pre-syncope 13 (9.1%) 4 (7.5%) 9 (10%) 0.77

NYHA Class (n=131) (n=48) (n=83)

I 99 (75.6%) 31 (64.6%) 67 (80.7%) 0.036

II 28 (21.4%) 14( 29.2%) 14 (16.9%) 0.12

III 4 (3.1%) 3 (4.2%) 1 (1.2%) 0.14

IV 0 0 0

History of stroke 11 (6.9%) 10 (16.4%) 1 (1.0%) 0.0003

History of TIA 10 (6.3%) 7 (11.5%) 3 (3,1%) 0.044

ICD implantation 54 (33.9%) 33 (54.1%) 21 (21.4%) 0.0001

Appropriate ICD shock(s) 4 2 (6.1%) 2 (9.5%) 0.64

Inappropriate ICD shock(s) 11 8 (24.2%) 3 (14.3%) 0.49

Medications (n=145) (n=58) (n=87)

Beta-blocker 102 (70.3%) 41 (70.7%) 61 (70.1%) 0.61

Statin 96 (66.2%) 24 (41.4%) 51 (58.6%) 0.14

Aspirin 44 (30.3%) 16 (27.6%) 28 (32.2%) 0.56

ACE/ARB 40 (27.6%) 17 (29.3%) 23 (26.4%) 0.58

CCB 31 (21.4%) 15 (25.9%) 16 (18.4%) 0.22

OAC 40 (27.6%) 39 (67.2%) 1 (1.1%) 0.0001

Sotalol 13 (9%) 9 (15.5%) 4 (4.6%) 0.07

Amiodarone 10 (6.9%) 8 (13.8%) 2 (2.3%) 0.007

Frusemide 10 (6.9%) 6 (10.3%) 4 (4.6%) 0.18

Clopidogrel 5 (3.4%) 1 (1.7%) 4 (4.6%) 0.65

Digoxin 3 (2.1%) 3 (5.2%) 0 0.05

Table 2: Imaging characteristics in HCM patients as assessed by 
echocardiography and cardiac MRI 

All patients Patients 
with AF 

Patients without 
AF 

P-Value 

EchocardiographicCharacteristics 
(n=152))

(n=57) (N=95)

Ejection Fraction (%) 64.6±10.5 59.5±11.8 68±8 <0.001

LA diameter, mm 44.3±9.3 49.8±9.5 40.9±7.4 <0.001

LV end-diastolic 
dimension, mm 

47±6.6 48.1±6.8 46.4±6.3 0.08

LV end-systolic 
dimension, mm 

29.2±6.5 31.63±7.9 27.7±5 <0.001

Interventricular 
septal diameter, mm 

18.2±6 18.3±5.6 18.2±6.3 0.46

Posterior Wall 
Thickness, mm 

12.5±2.8 12±3.3 12.8±2.5 0.14

Systolic Anterior 
Motion of MV  (TTE 
or MRI)

26.7% 15 (n=61) 
(24.5%)

29 of 98 (29.6%) 0.59

LVOT > 30mmHg 29 (18.2%) 11 (18%) 18 (18.4%) 1.0

Moderate to severe 
MR  (TTE or MRI)

19 (11.9%) 12 (19.7%) 7 (7.1%) <0.0001

Cardiac MRI 
Characteristics 
(n=93)

Ejection Fraction (%) 69.9+/-10.4 62.3±11.3 70.4±9 <0.001

Max Thickness, mm 18.2±6 19.7±1.07 19.48±0.85 0.17

LA diameter, mm 37.8±8 42.7±9.4 35.3±6.5 <0.001

End diastolic 
dimension, mm 

49.41±5.5 48.3±5.9 49.8±5.3 0.17

End systolic 
dimension, mm 

27.83±7.4 27.5±8.4 28±7.1 0.41

Anterior septal wall 
thickness, mm 

18.1±6 19.2±4.8 17.7±6.5 0.17

Posterior septal wall 
thickness, mm 

8.8±3.2 8.6±3.9 8.8±3 0.37

Late Gadolinium 
Enhancement (%)     

72 (n=109,66%) 28 (n=38, 
73.7%)

44(n=71, 62%) 0.29

HCM, hypertrophic cardiomyopathy; SCD, sudden cardiac death; NSVT, non-sustained ventricular 
tachycardia; NYHA, New York heart association); TIA, transient ischaemic attack; ICD, implantable 
cardioverter defibrillator; ACE, angiotensin converting enzyme; ARB, angiotensin receptor blocker; 
CCB, calcium channel blocker; OAC, oral anticoagulant

towards the dilated phase in those HCM patients with AF. However, 
this change in LV dimensions was not observed in those patients who 
underwent CMR (LVEDD 48.3+/-5.8mm vs 49.2+/-6mm, P=0.3; 
LVESD 27.5+/-8.4mm vs 28.1+/-7.7mm, P=0.3). (Figure 2). This 
may be explained by the use of TTE as primary imaging modality in LA, left atrial; LV, left ventricular; MV, mitral valve; TTE transthoracic echocardiogram; MRI, 

magnetic resonance imaging;
LVOT, left ventricular outflow tract.
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There are currently no randomised controlled clinical trials addressing 
the use of anticoagulation in HCM patients, and the  CHA2DS2-VASc 
score is not validated in this patient group. However, the relatively 
high rate of cardioembolic complications in HCM patients with AF 
has led to the general consensus that all patients with HCM and 
paroxysmal or persistent AF be anticoagulated20, 21, even following 
the restoration of sinus rhythm. 70.6% of patients in this HCM-
AF population had a history of OAC use, while 67% of HCM-AF 
patients were anticoagulated at the time of data recording. This was 
a lower proportion of patients than expected, and warrants further 
investigation.

HCM is a hyper dynamic state, with frequently supra-normal 
left ventricular ejection fraction (EF) demonstrated. In this cohort, 
left ventricular function was significantly reduced in the HCM-AF 
group, compared to those patients in sinus rhythm, as measured by 
echocardiography and CMR, in keeping with the findings in other 
international HCM-AF cohorts19.

Left atrial (LA) size, volume and function have been shown to be 
determinants of AF in HCM patients8, 13, 17, 22. It has been suggested 
that the strong relationship between LA dilatation and AF in HCM 
patients may be explained by the electrical and structural remodelling 
that occur in the process of LA dilatation, including shortening of the 
atrial effective refractory period and local conduction delay13. Indeed, 
an upper LA size of 4.5cm has been proposed in recent ESC guidelines, 
beyond which more frequent rhythm monitoring should be performed 
due to the increased risk of developing AF21.Here, we have confirmed 
the association of LA size with AF in this Irish HCM population. 
As expected, LA diameter was significantly increased in our HCM 
patients with AF compared with those without AF, as assessed by 
echocardiography and CMR. The severity of mitral regurgitation has 
also been shown previously to correlate with the presence of AF in 
HCM patients. This association is also reflected in the data from this 
cohort, where moderate to severe MR was present in 19.7% of HCM 
patients with AF, compared with 7.1% of those without documented 
AF. Furthermore, in keeping with the observation from numerous 
international studies that there is no association between outflow tract 
obstruction and AF19, we did not observe increased rates of AF in 
patients with significant outflow tract obstruction.

The presence and extent of myocardial fibrosis, as demonstrated 
by late gadolinium enhancement (LGE) on CMR has been shown 
to correlate with poor prognosis in HCM patients23, and to be 
independently associated with AF24, as well as sustained ventricular 
tachycardia and appropriate ICD discharges25 in patients with HCM. 
LGE is inferior to LA size for predicting AF prevalence, however. 
It has been suggested that the extent, but not the presence, of 
myocardial fibrosis is indicative of AF in HCM patients13, the severity 
of myocardial fibrosis on CMR has been shown to predict sustained 
arrhythmic events in HCM patients25. In this cohort, there was a higher 
prevalence of LGE in the HCM-AF group, however this did not reach 
statistical significance. 

Implantable cardioverter defibrillators (ICD) successfully terminate 
life-threatening arrhythmias in HCM patients at increased risk of 

ICD Discharge Events
54 (33.5%) of the HCM patients studied had an ICD in situ, 61% 

of whom had AF. Of those HCM-AF patientswithICDs in situ, 24% 
received inappropriate shocks, all of which were triggered by AF, while 
9.1% received appropriate ICD shocks (Table 1). 

Discussion
The maintenance of sinus rhythm is crucial for the functional 

capacity of patients with HCM17. AF is the most common sustained 
arrhythmia affecting patients with HCM. Its development is associated 
with  clinical and functional deterioration,as well as increased risk of 
embolic stroke and heart-failure progression18. While AF is not an 
independent determinant of SCD, there is a 3-fold increase in the risk 
of HCM-related deaths in AF patients compared with that in matched 
controls in sinus rhythm8. There is significant heterogeneity within 
HCM populations, in terms of genetic and phenotypic characteristics. 
Unsurprisingly, therefore, the prevalence of AF in internationally 
reported cohorts has varied widely16. Determination of the local 
characteristics of HCM populations is important, therefore, in order 
to identify areas for risk reduction and opportunities for therapeutic 
intervention. Herein we have determined the prevalence of AF in an 
Irish HCM population to be 38%. This is a relatively high proportion 
compared with international studies, however, it is similar to that 
reported in the UK (30%)6. The high prevalence of AF in this HCM 
population underscores the necessity for close monitoring and early 
pharmacological intervention to minimise embolic complications in 
our HCM population.

The Irish population has been shown to be genetically homogeneous. 
28, 29, which is reflected the higher frequencies of several traits, including 
cystic fibrosis, galactosaemia, multpiple sclerosis, and lactase deficiency, 
compared to those of mainland Europe 29. This genetic homogeneity 
lends itself well to the study of inherited diseases, and may in part 
underlie the relatively higher incidence of atrial fibrillation in this 
cohort, compared with other published cohorts. Conversely, however, 
these findings may not be directly applicable to poplulations with wider 
genetic diversity, such as that of the United States of America.

In this cohort, HCM patients with AF were significantly older than 
those without documented AF, in keeping with previous studies12. 
Unsurprisingly, the presence of AF is correlated with increasing 
symptom severity, with fewer HCM-AF patients reporting NYHA 
class I symptoms than those without documented AF. This finding is 
in-keeping with those of other large HCM cohorts19, and underscores 
the link between the development of AF and deterioration of functional 
status.

HCM patients with AF have been shown to have an 8-fold increase 
in the risk of ischaemic stroke compared with that of HCM patients 
in sinus rhythm.8 The prevalence of cardioembolic complications in 
our HCM-AF population (27.9%) was very similar to the overall 
prevalence reported by Guttmann et al. (27%)16. While all but one 
stroke occurred in patients with known AF, 30% of those experiencing 
a TIA did not have documented AF. This raises the important question 
as to whether these patients are experiencing undiagnosed paroxysmal 
AF, and warrant more frequent or more lengthy rhythm monitoring.
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SCD. ICD insertion is indicated in HCM patients with significant or 
numerous risk factors for SCD, or who have had a resuscitated cardiac 
arrest(20). In HCM patients with ICDs, end-stage heart failure is the 
leading cause of mortality(26). Rapidly conducted AF and other SVTs 
have been shown to account for up to 80% of unnecessary shocks in 
patients with ICDs(27). 34% of the patients in this HCM population 
had an ICD in situ. Of those patients for whom ICD interrogation 
data was available, 27.8% (15 patients) had received an ICD shock, the 
majority of which were inappropriate (Table 1.).Almost a quarter of of 
HCM-AF patients with ICDs had received an inappropriate shock(s), 
all of which were triggered by AF, illustrating a further complication 
arising from AF in in this HCM cohort. 

Study Limitations
While this study is the first on clinical and imaging characteristics in 

an Irish HCM population, it has a number of limitations. The data for 
each patient is retrospective and represents a single time point, and does 
not take into account duration of diagnosis or response to treatment.  
Furthermore, the data is limited to a clinical history of stroke and it 
might be postulated that a prospective study of routine brain MRI 
screening may reveal additional silent ischaemic events. Routine genetic 
analysis was not performed in this study and thus it is unknown if the 
relatively high incidence of AF in our study could reflect a unique 
genetic preponderance in this Irish HCM cohort. 

Further prospective studies of outcome, response to definitive AF 
treatment strategies, prognosis and prognostic factors in patients with 
AF and HCM are planned.

Conclusion
We have demonstrated that AF is common in the Irish HCM 

population, with a prevalence of 38.4%. It is associated with increased 
risk of stroke, deterioration in symptom status and inappropriate ICD 
discharge. We have also shown, in-keeping with international registries, 
that AF is associated with reduced EF, increased LA diameter and 
mitral regurgitation, in an Irish HCM population.
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Introduction
Catheter ablation is a safe and effective treatment strategy for 

drug refractory persistent atrial fibrillation(AF) 1. Circumferential 
pulmonary vein ablation (CPVA) is the standard initial approach to 
catheter ablation of all patients with AF, and comparative results have 
been obtained with both radio frequency (RF) point by point ablation 
and cryoballoon2. However, patients with persistent AF often require 
more extensive ablation 3. Onesuch strategy is posterior wall isolation 
(PWI)3. This can be achieved endocardially with a radiofrequency 
(RF) box lesion set4, through a hybrid endocardial/epicardial surgical 
approach5, as well as with the second generation cryoballoon catheter6. 
While PWI has been more adopted in recent years with demonstrable 
improved durability and efficacy for patients with persistent AF 
compared to CPVA alone, it also involves significantly more extensive 
ablation of left atrial tissue7. 

The left atrium plays a critical role in normal cardiac hemodynamics, 
and absence of atrial systole has been shown to reduce overall left 
ventricular ejection fraction by anywhere from 20-30%8. Extensive 
ablation has been demonstrated to worsen left atrial function more 
than CPVA alone9, and there have been computational models which 
show that wider areas of ablation are inversely associated with both 
left atrial and left ventricular function10. There have also been surgical 
studies that have observed worsening left atrial mechanical function 
after the Cox-Maze IV procedure11. On the other hand, the effect of 
AF on deleterious atrial remodeling has been well described, as well 
as reversal of this remodeling with successful catheter ablation12,13.  
The overall effect of the more extensive ablation set withPWA on 
left ventricular and atrial function remains unclear. In this study, we 
compared patients who underwent PWI via either hybrid endocardial/
epicardial surgical approach or cryoballoon to those who underwent 
conventional endocardial ablation of CPVA with or without linear 
lines.

Methods
After approval from our Institutional Review Board, we evaluated 168 

patients who underwent ablation at our institution for earlypersistent 
(7 days- 3 months), persistent (3-12 months) and long -standing 
persistent AF (> 12 months). Our posterior wall (PW) group included 
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Abstract
Background: Posterior wall isolation (PWI) in addition to circumferential pulmonary vein isolation (CPVA) requires more ablation of left 

atrial tissue.  We compared the effect of PWI versus non-PWI methods (CPVA + linear lesions) on echocardiographic parameters of left atrial 
and left ventricular function. 

Methods: We selected patients who had pre and post ablation echocardiogram at our institution.Parameters assessed were: Left 
ventricular outflow tract velocity time integral (VTI), left ventricular ejection fraction (LVEF), atrial Doppler velocity across mitral valve (A), 
E/E’, and deceleration time. 

Results: Of the 72 patients studied, 32.5% had PWA in addition to CPVA. The mean duration between echocardiograms was 650 + 542 
days.  PWA group had an average postoperative VTI 0.21 + 0.05 vs 0.21 + 0.05 in the non-PWA (p=0.61) group. Average improvement 
compared to pre ablation parameters: VTI was 0.03 + 0.06 vs 0.008 + 0.05 (p=0.17), postoperative A was 0.49 + 0.19 vs 0.57 + 0.19 
(p=0.16), postoperative LVEF was 57.5 + 9.9% vs 57.8 + 10.8 % (p=0.89), with average change in LVEF 1.5 ± 7.8 vs 0.86 ± 9.7 (p=0.78) in 
PWA and non-PWA groups respectively. There was no significant difference in change in deceleration time or E/E’ when comparing the two 
groups. 

Conclusion: PWA did not adversely affect echocardiographic parameters of left atrial function or left ventricular systolic or diastolic 
function when compared to other types of ablation. 
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patients that underwent ablation with either cryoballoon or through 
a hybrid surgical endocardial/epicardial approach. Our non-posterior 
wall (NPW) group included patients that underwent CPVA with RF 
or cryoballoon, both with and without the addition of linear roof and/
or mitral isthmus lines. 

Baseline demographic, characteristic, and echo data were obtained 
through chart review. We evaluated and compared pre and post ablation 
echocardiographic markers of left atrial and left ventricular function 
including mitral inflow “A” velocity, left ventricular outflow tract 
(LVOT) velocity time integral (VTI), and ejection fraction.  Mitral A 
velocity was obtainable only in patients with sinus rhythm due to lack 
of atrial systole during atrial fibrillation.

Statistics
STATA 13.1 was used for all statistical analyses. Continuous variables 

are expressed as mean + SD or SE; categorical variables are presented 
as percentages, comparisons were performed with t-test and x2 test 
respectively. P-values of 0.05 and below were considered significant. 

Results
Seventy two patients (mean age 67 + 8 yrs, male 58.4%, BMI 31 + 

6, hypertension 72%, diabetes 25%, heart failure 22%, cardiovascular 
disease 33%, CHADS2VASC score 2.7 + 1.4)  had both pre and post 
ablation echocardiograms available for review in our EMR in the time 
frame elaborated in methods section.  Twenty-nine were in our PW 
group, of which seven had undergone hybrid surgical ablation and 22 
had cryoballoon ablation. In the NPW group, nine patients underwent 
CPVA plus linear lines (mitral isthmus and/or roof isolation), four 
underwent CPVA alone with cryoballoon, and the remaining 30 
patients underwent CPVA alone with RF. Mean duration between 
echocardiographic evaluations was 650 ± 543 days. Echocardiograms 
were performed 254±305 days before ablation, and 419 ± 431 days 
after ablation. 

Preablation rhythm at time of echocardiogram was sinus for 3/22 
(13.6%) patients in the PW group compared to 27/48 (56.25%) in the 
NPW group (p=0.001).  Baseline characteristic data are listed in table 1.  
Patients who had PWI had a higher BMI (32.8 ± 6.9 versus 30.0 ± 5.3, 
p=0.05).  They also had more obstructive sleep apnea (34.5% vs 14.0%; 
p=0.04) and heart failure (34.5% vs 14.0%; p=0.04).  There were more 
persistent AF  (24.1%) patients in the PW group compared to 27/43 
(62.8%) in the NPW group (p=0.001).  At the time of post ablation 
echocardiography, 26/29 patients (89.7%) were in sinus rhythm in the 
PW group compared to 34/43 (79.1%) in the NPW group (ns). After a 
year of follow up, with or without antiarrhythmic drugs, 19% in PWand 
17.6% in NPW group with persistent and long standing persistent AF 
had recurrence of AF; 4.7% and 31.2 % of the respective groups with 
early persistent AF had recurrence of AF.

Left ventricular systolic function: (table2)
Average left ventricular EF in the pre-ablation PW group was 56 

± 11% vs 57 ± 11% in the NPW group (p=0.71) (Figure 1a). Average 
post-ablation EF was 58 ± 10% in the PW group and 58 ± 11% in the 
NPW group (p=0.89). Average change in LVEF was +1.5 ± 7.8% in the 
PW group compared to +0.9 ± 9.7% in the NPW group (p=0.78). In 
the PW group, pre-ablation LVOT VTI was 0.18 ± 0.07 compared to 

0.20 ± 0.06 in the NPW group; post-ablation LVOT VTI in the PW 
group was 0.21 ± 0.05 compared to 0.21 ± 0.05 in the NPW group, and 
the difference between these two groups was not statistically significant. 
The average change in LVOT VTI between pre and post ablation 
echocardiograms was +0.03 ± 0.06 in the PW group and 0.008 ± 0.05 
in the NPW group(Figure 1b), (p=0.17).

Left ventricular diastolic function
The change in DT was similar in the PW group and NPW groups 

(40.6±88.5 vs 54.5±101.64; p=ns).  The change in E/E’ ratio was also 
similar between the two groups: 1.03±2.38 in the PW group and 
2.81±6.21 in the NPW group (p=0.49)

Mean preablation and post ablation pulmonary pressures measured 
using tricuspid flow in echocardiogram were 31 + 8.5 mm Hg and 31 + 
9.6 mmHg respectively. The differences between PW and NPW groups 
were non-significant. 

Figure 1a:
Comparison of postablation left ventricular ejection fraction in 
the PWI (posterior wall isolation group) compared to NPW (non-
posterior wall).

Figure 1b:
Comparison of change in left ventricular outflow tract velocity 
time integral in the posterior wall ablation group versus non 
posterior wall.
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cryoballoon or hybrid surgical technique, does not adversely affect 
parameters of LV function LVOT VTI, and ejection fraction when 
compared to less extensive ablation procedures. In fact, there was a 
small but statistically significant increase in LVOT VTI in the PW 
group compared to NPW.  While there was a statistically significant 
increase in “A” velocity after ablation, this was limited by the fact that 
only 3 patients in the PW and 27 patients in the NPW were in sinus 
rhythm pre-ablation, compared to 19 and 9 respectively, as “A” can only 
be measured in sinus rhythm. 

We are aware of improved atrial remodeling and left ventricular 
function in patients with atrial fibrillation who undergo catheter 
ablation12 22.One study involving patients with persistent atrial 
fibrillation who underwent hybrid surgical posterior wall ablation 
showed that patients who responded to ablation had a greater atrial 
and left ventricular remodeling effect than those who did not23. 
Though the PW constitutes more than 50% of the entire surface of 
left atrium, from our study results, it could be inferred that PW does 
not have a significant mechanical role in left atrial hemodynamics, 
and electromechanical ablation of it has a negligible impact on our 
measured parameters. Another possibility is that any downside from 
the more extensive ablation lesion set is offset by the higher success 
rate in maintaining sinus rhythm and potentially contributing to a 
higher chance of positive remodeling, and notably more than 80% of 
our cohort remained in NSR during follow up echocardiogram.

Limitations
There are several limitations for our study inherent to retrospective 

analysis. The time between pre and post ablation echocardiograms vary 
significantly for this patient group, which may allow for development 
of significant confounding variables (MI, worsening valvulopathy, etc) 
when assessing pre and post ablation echocardiographic data. There 
is known inter-reader variability when assessing echocardiograms, 

Left atrial function and size
Left atrial parameters assessed included A velocity on mitral inflow 

Doppler if patients were in sinus rhythm as well as left atrial volume 
index.  Preoperative A velocity was lower in in the PW group was 
0.49±0.15 compared to 0.73±0.24 in the NPW group, (p=0.01).  The 
average postoperative A velocity on mitral inflow Doppler assessment 
was 0.49 ± 0.19 in the PW group compared to 0.57 ± 0.19 in the NPW 
group, (p=0.16) (Figure 1c). “A” velocity was not able to be assessed in 
patients who were in atrial fibrillation at time of follow up imaging. 
There was no difference between the PW and NPW groups in the 
change in left atrial volume index (-4.93±11.45 vs -0.77±12.53; p=0.35) 
respectively.

Discussion
Posterior wall ablation has become a commonly used ablation 

strategy for patients with persistent atrial fibrillation, and a meta-
analysis of studies has shown superiority compared to CPVA alone7. 
The rationale behind posterior wall ablation is that it shares a common 
embryology with pulmonary vein tissue14, and develops significant 
conduction abnormalities15 and remodeling in patients with worsening 
atrial fibrillation16, 17, all of which result in a substrate for development 
and maintenance of arrhythmia. 

Heart failure and atrial fibrillation are often coexisting disease 
processes that result in a multiplicative effect on worsening outcomes18. 
Worsening left ventricular function has a direct correlation with 
mortality in patients with atrial fibrillation19. Likewise, worse left atrial 
function is an independent predictor of mortality in patients with heart 
failure20. It logically follows that it is critical that we know the impact 
of ablation procedures on those parameters, lest we potentially cause 
more harm than good. 

Echocardiographic parameters for LV and LA function have 
been reported in prior studies involving posterior wall ablation5 
21, but to our knowledge there are no studies that directly compare 
the effect of posterior wall ablation using a variety of modalities 
on echocardiographic parameters with patients who undergo non-
posterior wall ablation procedures. Our data set shows that the more 
extensive lesion set achieved by posterior wall ablation, either by 

Figure 1c:
Comparison of postablation Doppler “A” velocity across the mitral 
valve in the posterior wall isolation group versus non-posterior 
wall. 

Table 1: Baseline characteristics

Variable Total 
(n=72)

PWI (n=29) Non-PWI 
(n=43)

p-value

Age, y 66.8 ± 8.3 68.1 ± 8.8 65.9 ± 7.8 0.26

Gender, females (%) 30 (41.7%) 10 (34.5%) 20 (46.5%) 0.31

BMI 31.1 ± 6.1 32.8 ± 6.9 30.0± 5.3 0.05

HTN 52 (72.2%) 22 (75.9%) 30 (69.8%) 0.57

DM-II 18 (25%) 7 (24.1%) 11 (25.6%) 0.89

CAD/PAD 24 (33.3%) 11 (37.9%) 13 (30.2%) 0.50

OSA 16 (22.2%) 10 (34.5%) 6 (14.0%) 0.04

HF 16 (22.2%) 10 (34.5%) 6 (14.0%) 0.04

TIA/CVA 4 (5.6%) 0 (0%) 4 (9.3%) 0.09

CHADS2VASC 2.7± 1.4 3 ± 1.2 2.4 ± 1.4 0.4

Smoking 30 (44.1%) 11 (44.0%) 19 (44.2%) 0.99

ETOH 40 (58.8%) 12 (48.0%) 28 (65.1%) 0.17

PeAF 28 (38.9%) 19 (65.5%) 9 (20.9%) 0.0001

Preablation sinus rhythm 34 (47.2%) 7 (24.1%) 27 (62.8%) 0.001

BMI: body mass index; HTN: Hypertension; DM-II: diabetes mellitus type II; CAD/PAD: coronary 
artery disease or peripheral artery disease; OSA: obstructive sleep apnea; HF: heart failure; TIA/
CVA: transient ischemic attack or cerebrovascular accident; CHADS2VASC: stroke risk score for 
atrial fibrillation; ETOH: alcohol abuse history; PeAF: Persistent atrial fibrillation
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Table 2: Echocardiographic data

Variable Total (n=72) PWI (n=29) Non-PWI 
(n=43)

p-value

Preablation LVOT VTI (m) 0.19 ± 0.06 0.18 ± 0.07 0.20± 0.06 0.45

Postablation LVOT VTI (m) 0.21 ± 0.05 0.21 ± 0.05 0.21 ± 0.05 0.61

Change in LVOT VTI (m)  0.018 ± 0.05 0.03 ± 0.06  0.008 ± 0.05 0.17

Preablation LVEF (%) 56.6 ± 10.6 56.0 ± 10.6 57.0 ± 10.7 0.71

Postablation LVEF (%) 57.7 ± 10.4 57.5 ± 9.9 57.8 ± 10.8 0.89

Change in LVEF (%) 1.2 ± 8.9 1.5 ± 7.8 0.86 ± 9.7 0.78

Preoperative "A" velocity (MV 
inflow doppler) (m/s)

0.65± 0.24 0.49 ± 0.15 0.73 ± 0.24 0.01

Postoperative "A" velocity (MV 
inflow doppler) (m/s)

 0.53 ± 0.19 0.49 ± 0.19 0.57 ± 0.19 0.16

Change in DT  47.14 ± 93.8 40.6 ± 88.5 54.5 ± 101.64 0.10

Change in LA volume index -1.95 ± 10.2 -4.93 ± 
11.45

-0.77 ± 12.53 0.35

Change in E/E’  2.14 ± 4.37 1.03 ± 2.38 2.81 ± 6.21 0.49

LVOT VTI: left ventricular outflow tract velocity time integral; LVEF: left ventricular ejection fraction; 
MV: mitral valve; LA: left atrium; DT: deceleration time 

particularly in the assessment of LVEF, although we also took into 
account quantitative measurements such as LVOT VTI and A wave 
velocity. Due to differences in echocardiography protocols, “A” wave 
and LVOT VTI was not adequately measured in all of our patients.
In addition, a large proportion of patients pre-ablation were in atrial 
fibrillation, precluding measurement of “A” velocity, making it difficult 
to assess a change in “A” velocity velocity.Baseline characteristics varied 
significantly between the two groups – as posterior wall ablationwas 
performed for patients with longer duration of persistent AF, may result 
in bias in the data. This was alleviated somewhat by using each patient 
was his own control in comparing changes in pre and postablation 
LVEF and VTI. Finally, as this study represents a single center 
experience with retrospective data, results may not be generalizable. 

Conclusions
Posterior wall isolationis a safe and effective method for catheter 

ablation of atrial fibrillation. Compared to patients who underwent 
non-posterior wall isolationprocedures, there was no negative effect 
in left ventricular function. While measurement of left atrial function 
was limited by the small number of patients in sinus rhythm prior to 
ablation, there likewise appeared to be no negative effect in left atrial 
size or function from posterior wall isolation.
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Introduction
Catheter ablation has become a first-line treatment for the 

prevention of recurrences of paroxysmal atrial fibrillation after 
discovering myocardial sleeves activity responsible for arrhythmia, 1 
and is the treatment gold standard since 2012 2. Unfortunately, the 
anatomy of right-sided pulmonary veins (RPV) and its close relation 
to the right phrenic nerve (RPN) makes it susceptible to injury during 
pulmonary vein isolation (PVI), which was initially reported in 2004 
3. Previously, right phrenic nerve injuries (RPNI) during PVI RF
ablations were a rare complication, estimated around 0.48% 4 while
the first significant cryoballoon (CB) observation from 2008 shown a
risk level of 7.5% 5 even reaching as high as 24.4%6 in 2014. That is why 
a RPNI was called “another Achilles’ heelfor AF ablation” 7. Phrenic
nerve injury may be transient or persistent. Transient, where the RPNI 
resolves at the end of the procedure, whereas a persistent injury persist 
beyond the procedure 8. The injury is most commonly transient, and
all the clinical symptoms do not occur after postprocedural hospital

discharge. In recent publications, the longest period for phrenic nerve 
paralysis (PNP) recovery was 314 days, while the average time to 
recovery was 3-6months 9,5. Through the years of practice and CB 
generations, various techniques were undertaken to decrease the risk 
of RPNI. From compound motor action potential (CMAP) in 2011 
11, to immediate balloon deflation (IBD) proposed by Gosh in 2013, 
temperature controlled application proved by Mugnai and Kuhne 12, 

13, the pull back technique proposed by Okshige 2018 33 to anatomical 
assessment of the left atrium and adjacent structures14.Larger RPV 
dimensions, early branching patterns originating from the main ostium, 
and shorter distances from RPV to SVC are associated with RPNI both 
at right superior pulmonary vein (RSPV) and right inferior pulmonary 
vein (RIPV) 14. For cryoballon ablation(CBA), the RSPV – RPN 
distance measured from the ostium was found to have the most accurate 
correlation in predicting RPNI.Schmidt pointed out in 2008 that the 
general recommendation for a minimum distance of the phrenic nerve 
to the RSPV ostium cannot be provided 22.Horton et al.21 suggested 
that a PN location within 10 mm of the RSPV poses a higher risk 
of RPNI when using a balloon-based ablation system. Canpolat 20 
demonstrated that after their analysis estimate, the incidence of RPNI 
was increased when the distance of the RSPV ostium–RPA distance 
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Abstract
Background:The Right phrenic nerve (RPN) is vulnerable to injury during the isolation of the right pulmonary veins (RPV). The study aimed 

to provide a comprehensive meta-analysis of the overall prevalence of right phrenic nerve injury (RPNI), its course and its association with 
the superior and inferior pulmonary veins.

Methods: Through December 2017, a database search was performed on PubMed, Science Direct, EMBASE, SciELO, and Web of Science. 
The references were also extensively searched in the included articles. 

Results: Detection of the RPN may vary according to the identification method. It ranges from 100% in postmortem studies, 93% in 
intraoperative, to 57.88% in computer tomography (CT) imaging. Based on the included studies (n-507), the distance from the right superior 
pulmonary vein (RSPV) ostium to the RPN was 12.48mm (±6.21). In postmortem studies, the distance was 6.92mm (±3.94); in pre or 
intraoperative techniques, 13.32mm (±5.96) if noninvasive, 13.97mm (±7.8) if invasive. Distances ranged from 0–42.6 mm. For the right 
inferior pulmonary vein (RIPV) (n-125) the mean distance was 16.53mm (±8.92) with distances from 0.4 – 68mm. The risk of RPNI with 
distance-included studies was 12.46% (47 RPNI in 377 cases). In the meta-analysis, the distance from the RSPV to the RPN that was 
associated with an increased risk of RPNI was 7.36mm.

Conclusion: RPNI is a relatively rare complication. A firm understanding of its course, relation to the PV ostium, and detection are vital for 
preventing future injuries and complications.



www.jafib.com Oct-Nov 2020, Volume-13 Issue-3

Featured ReviewJournal of Atrial Fibrillation Featured ReviewJournal of Atrial Fibrillation50 Original Research

was 8.0 mm or less.

The RPN, associated with a bundle of pericardiacophrenic vessels, 
descends along the anterolateral surface of the SVC, after which it turns 
posteriorly approaching the superior cavoatrial junction and continues 
in close proximity to the RPV before reaching the diaphragm 15. 

Focusing on the anatomical relation of the RPN in CBA, it is 
essential to obtain accurate anatomical data on the course of the nerve. 
The aim of the analysis was to provide a comprehensive and evidence-
based assessment of the RPN distance from RSPV and RIPV. We also 
aimed to investigate the course-related consequences and its association 
for RPNI.

Methods 
Search strategy

Through September 2018, searchers were performed on MEDLINE, 
EMBASE, Google Scholar, and Cochrane Database in order to identify 
eligible articles for the meta-analysis.  This review was performed 
as per the Preferred Reporting Items for Systematic Reviews and 
meta-analysis guidelines. The exhaustive search strategy employed 
for databases is presented in Table 1. No date limits or language 
restrictions were applied. The references in the included articles were 
also extensively searched. The risk of bias and quality assessment scores 
were both performed based on previously validated tools. 

Criteria for study selection 
Eligible studies for meta-analysis [for RPNI] were included 

under certain conditions such as: reported clear, data was easy to 
extract for further analysis, studies were postmortemcadaveric, 
electrophysiological, 3D modeling or imaging studies. The exclusion 
criteria included: case studies, case reports, conference abstracts and 
letters to the editor; incomplete and unclear data, studies on animals, 
or not related to electrophysiology procedures. For systematic review, 
anatomical, clinical, and radiological reports ware taken. We used them 
to show all possible discrepancies in tracing and measuring the distance 
of the right phrenic nerve. For identification of RPA in imaging studies, 
RPPA was taken into consideration – table 1 with a possibility of vessel 
detection. All studies were independently evaluated for inclusion by two 
reviewers (MK and MM). Any disparities arising during the assessment 
were resolved by a consensus among all the reviewers, after consulting 
with the authors of the original study, if possible.

Data extraction
Data were independently extracted from the included articles by two 

independent reviewers (MK and MM). These data included the ability 
to identify the right phrenic nerve RPPA, distance from PV ostium 
to the RPN, or the RPPA, amount of RPNI and correlation between 
distance and risk of RPNI. The primary outcome was to estimate the 
mean distance between right-sided PV ostium and RPN. Secondary 
outcomes such as the possibility of visualization RPN and risk of 
RPNI were also noted when data were available. In the event of data 
inconsistencies, the reviewers did not use the study in meta-analysis. 

Statistical analysis
Statistical analysis was performed by experienced statisticians using 

Statistica 13 software (StatSoft). Continuous variables are expressed 
as mean ±SD or median range, as appropriate.  95% Confidence 
intervals for individual groups, and the whole was measured. For a 
subset of studies with analyzable and comparable data, the results 
were synthesized quantitatively by performing random-effects model 
meta-analyses to compute absolute net changes in continuous variables 
(i.e., RPN – RPV ostium) and pooled OR for binary variables (i.e., 
RPNI versus RPN noninjured). All pooled estimates were displayed 
with a 95% CI. The existence of heterogeneity among effect sizes of 
individual studies was assessed using the Q test and the T2 index, with 
a value of 95% or higher indicating medium-to-high heterogeneity. 
To explore sources of heterogeneity, we performed subgroup meta-
analyses according to RPNI – RPV ostium’s and study typesetting 
(postmortem, intraoperative, or imaging). Sensitivity analysis, Egger’s 
Test, and Rosenthal’s N - the “Fail-safe” test ware used. 

Results 
Study Identification

Figure 1 presents an overview of the flow of studies in the meta-
analysis. Through database searching, 12441 initial articles were 
identified. An additional 550 articles were identified from reference 
searching. After removing duplicates and primary screening, 155 
articles were assessed by full text for eligibility in the meta-analysis. Of 

Figure 1: Flowchart of study search, eligibility, assessment, and inclusion

Figure 
2A&2B:

Graphical presentation of the RPN distance from the RSPV 
ostium in the 95% confidence interval A – among individual 
publications B – among different groups of publications (1 – CT; 
2 – Intraoperative; 3 – postmortem)
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In the meta-analysis, a decreased distance between the RSPV ostium 
- RPNI, was directly associated with an increased risk of RPNI. The
average distance was shorter by 6.61mm from the massed average of
the invasive group (figure 3A). Measuring the distance from the RSPV 
ostium to RPN, the damage distance was 7.36mm. Data from Horton 
2010 21, Canpolat 2014 20, and ISO 2016 23 had the most significant
impact on the study while Nieto-Tolosa 2011 18 did not – because
of the small sample. Additional results - The variance of the effect
size (T2) and the significance level (Wi) in individual studies used
to calculate the sampling error are presented in Appendix Table 1. In
the cumulative variance the Nieto- Tolosa CT study brings the most
additional variability (burden) – see appendix.

The cumulative analysis was performed relative to the year in which 
the study was conducted – figure 3B. It shows how the cumulative effect 
and its estimation changed over time after upcoming publications. 
We can see that the initial insignificant cumulative effect changed to 
a significant effect after attaching the Horton 2010 publication. The 
results are presented below as a forest plot Figure 3B, a table in an 
appendix (table 2 appendix).

Heterogeneity and sensitivity analysis
The study determines how significant the differences between the 

effects obtained in individual publications have an impact on the total 
effect of meta-analysis. The result that was calculated was p = 0.0014. 
The estimated value of real variance T2, and the corresponding 95% 
confidence interval are 6.3592 (1.606; 17.149). Real variance accounts 
for around 75% (coefficient I2) of the total volatility. This means that 
the research is highly heterogeneous. This confirms the correctness of 
the decision to build a model with a variable effect. This is confirmed by 
the following graphs of L’Abbegi and Galbraith. – see appendix Figure 
1 appendix and Figure 2 appendix.

We also wanted to compare data of the injured phrenic nerves 
between various methods – figure 4A. We found three main methods 
of tracing the right phrenic nerve – pacing (blue; Tolosa, Horton, 
Canpolat) 3D – (green; Schmidt, ISO) and fluoroscopic evaluation 
(red Martins). Each method was presented in a forest plot below. We 
see that pacing and 3D systems are similar in detecting the presence of 
the RPN, while Martins 2014 significantly differs because of a different 
method used.

The different method used by Martins was significantly highlighted 
in sensitivity analysis – figure 4B, when individual tests were turned 
off. The cumulative effect and limits of the confidence interval for the 

these, 14 were deemed eligible and included, while 141 were excluded 
for not reporting extractable RPN-RPV distance rates.

Characteristics of included studies
The characteristics of the included studies in the meta-analysis are 

listed in table 1, along with the reported RPN or RPPA identification. 
A total of 14 selected studies from 13 research publications (n=850; 
identified RPN -621,) 6 CT imaging (Matsumoto 2007, Horton 
2010, Nieto-Tolosa 2011, Canpolat 2014, Wang 2016, Ozawa 2018) 
3 postmortem/cadaveric (Sanchez 2005, Randhava 2014, Smith 2017), 
5 procedural 3D/cadaveric (Goff 2016), 1 pacing (Horton 2010), 2 3D/
pacing (Schmidt 2008, Iso 2016), 1 pacing/fluoroscopy were included 
(Martins 2010).

RPN/RPPB Detection capability
The detection of the RPN may vary according to the identification 

method used. In postmortem studies, tracing the RPN was always 
accurate (100%); in invasive methods/intraoperative, it was almost 
always detectable (93%). Noninvasive methods of tracing RPPB are 
not as efficient as invasive or postmortemtechniques, with only 57.88% 
(20-100%) of detection.

Mean distance of right phrenic nerve
From all included studies (n-507), the distance from RSPV ostium 

to RPN was 12.48mm, (±6,21) nevertheless, the distance varies 
according to the method used. In postmortem studies, the mean 
distance is significantly shorter (6.92mm) than in pre or intraoperative 
techniques (13.32mm noninvasive, 13.97mm invasive) figure2A,B. 
The minimal measured distance from RSPV was 0mm – meaning 
the RPN was directly attached to the veno-atrial junction while the 
longest measurement was 42.6mm (table 2). There were significantly 
fewer amounts of measurements that were identified for RIPV. From 
the included studies (n-125), the mean distance between the RIPV 
ostium and RPN was 16.53mm (±8.92) with distances from 0.4 – 
68mm (table 3).

Risk of Phrenic nerve injury with distance included studies
Combining accessible data of the number of RPNI with distance 

included studies, we estimated that the amount of incidence was 
12.46% (47 RPNI in 377 cases). The highest risk was in Martins 
research – 19.7% 6, the lowest in Canpolat – 2.75% 20.

Risk of phrenic nerve injury – distance relation

Figure 
3A&3B:

Forest plot for the risk of injury RPN and the distance relationship; 
D = average for damage - average with no damage; B - Forest plot 
of cumulative effect over the years of publications; D = average 
for damage - average with no damage

Figure 
4A&4B:

Sensitivity analysis in various methods of tracing RPN, B. 
Sensitivity analysis for each publication
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determined by the Rosenthal method amounted to 72. Therefore, the 
obtained effect could be considered stable because it will not (with 
a small number of works) undermine the obtained effect. Besides, 
the Rosenthal factor fs = 4.35 was greater than 1, which means that 
the probability of publishing significance is minimal. As we know 
(obtained), the common difference was D = -6.61. The Orwin method 
checked how many papers with a relative risk of -3 needed to be 
included to reduce the relative risk to 1.12. The obtained result was 
16 research papers.

Discussion
Present results and their variability showed that methods of distance 

measurement of the RPN may have a significant impact on the final 
result. postmortem study results have a different approach - where the 
distance assessment is taken externally from the epicardium, differently 
from the non-invasive visualization where the RPP bundle is traced, 
and finally, the intraoperative method with endocardial stimulation. 
The same intraoperative methods also have high variability relative to 
each other, as demonstrated by statistical analysis.

RSPV
From all included studies (n-507), the distance from the right 

superior pulmonary vein (RSPV) ostium to the RPN was 12.48mm 
(±6.21). In postmortem studies, the distance was significantly shorter, 
ranged 6.92mm (±3.94). From imaging studies, the distance to RPPB 

Table 1: Table of included studies

Study Country Type n (detection) N (RPN) % of 
visualisation

1 WANG 2016 16 China CT – 
RPPA

62 121 51,20%

2 MATSUMOTO 
2007 17

USA/
Japan

CT – 
RPPA

50 106 47%

3 NIETO-TOLOSA 
2011 18

Spain CT – 
RPPA

10 55 20%

4 OZAWA 2018 19 Japan CT – 
RPPV

18 56 30%

5 C A N P O L A T 
2014 20

Turkey CT – 
RPPV

145 162 89,50%

6a HORTON 2010 
21

USA CT – 
RPPV

71 71 100%

6b HORTON 2010 
21*

USA CT – 
RPPV

37 37 100%

6c HORTON 2010 
21

USA Pacing 71 71 100%

7 SCHMIDT 2008 
22

Germany 3D/
pacing 
RSPV 

7 18 39%

8 ISO 2016 23 Japan 3D/
pacing 
RSPV

20 20 100%

9 GOFF 2016 24 USA 3D/PM 7 10 70%

11 MARTINS 2014 
6

France FLUORO/
P-svc

81 81 100%

12 SMITH 2017 25 USA Cadaveric 30 30 100%

13 S A N C H E Z 
2005 15

Spain Cadaveric 19 19 100%

14 R A N D H A V A 
2014 26

India Cadaveric 30 30 100%

Summary 658 887 74%

Study Country Type n (detection) N (RPN) % of 
visualization

Overall 658 887 74%

1 CT imaging CT – 
RPPV

393 679 57,88%

2 Intraoperative 3D/
pacing 
RSPV 

186 200 93%

3 Postmortem Cadaveric 79 79 100%

Table 2: RPN – RSPV distance

Publication Type 
of 
study

N mean SD Range 
form

Range 
to

(95%CI)

SANCHEZ 2005 15 PM 19 2.1 0.4 1.5 2.5 (1.92 – 2.28)

RANDHAVA 2014 26 PM 30 7.47 5.51 0 20.81 (5.50 – 9.44)

SMITH 2017 17 PM 28 9.6 3.3 4.3 18.8 (8.38 – 10.82)

NIETO - TOLOSA 
2011 18

CT 10 18.9 8 3 26 (13.94 – 23.86)

CANPOLAT 2014 20 CT 145 12.5 4.9 5.9 25 (11.7 – 13.3)

WANG 2016 16 CT 62 12.39 6.18 1.72 26.44 (10.85 – 13.93)

HORTON 2010 21 CT 71 15.2 8.3 3 42.6 (13.27 – 17.13)

HORTON 2010 21 CT 37 12.99 3.02 6 21.5 (12.02 – 13.96)

HORTON 2010 21 P 71 16 8.5 3 42 (14.02 – 17.98)

ISO 2016 23 3D/P 20 8.7 3 5 11.8 (7.38 – 10.01)

SCHMIDT 2008 22 3D/P 7 8.4 6.2 1 17 (3.81 – 12.99)

GOFF 2016 24 CT/3D 7 14 12 8 20 (5.11 – 22.89)

Overall 507 12.48 6.21 0 42.6 (11.94 – 13.02)

Group 1 325 13.32 5.96 1.72 42.6 (12.67 – 13.97)

Group 2 105 13.97 7.8 1 42 (12.48 – 15.46)

Group 3 77 6.92 3.94 0 20.81 (6.04 – 7.80)

overall meta-analysis are marked on this graph with vertical lines Figure 
4B and data in Table 3 appendix.

Assessment of publication bias and Fail-safe number test
The funnel plot for the outcome of RPNI in the studies included in 

the meta-analysis was symmetric and the Egger test was not significant 
(P = .59), did not show the existence of susceptibility to publication bias.

The last issue examined was whether it would be necessary to further 
analyze the distance of the RPN over the right pulmonary veins. For 
which we used Rosenthal’s N (the “fail-safe” number) described by 
Rosenthal (1979). This value determined the number of works that did 
not indicate an effect (e.g., a mean difference of 0) that was needed to 
reduce the summary effect from statistically significant to statistically 
insignificant. In our analysis, the number of “fail-safe” publications 

CT – computer tomography, RPPA – right pericardiacophrenic artery, 3D – three dimensional, PM – 
postmortem, SVC – superior vena cava. *6b Horton2010 (control group of 37 patients undergoing 
balloon-based procedures used in Horton study 21)
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Nevertheless, distance measurement before the procedure will only 
keep the operator more alert during RSPV freeze. This information 
should be correlated with RPV ostium size and depth setting of the 
CB during the procedure. Thus, the preoperative assessment of RPPB 
will only have informative value for an operator.

Pacing/3D mapping
Intraoperative measurements are most precise in detecting RPN. 

Stimulation from the place of cryoapplication may be the most accurate. 
However, many factors which play a role in proper RPN localization, 
such as the strength of stimulation impulse, usage of the 3D system, and 
force of balloon setting. Another issue is comparing stimulation from 
the SVC to the balloon tip in AP view 6, which showed no significant 
compatibility to other studies. Stimulation strength plays a role in 
depicting RPN, and the bias margin rises with the power output 6, 21, 27 
or wall thickness 15.Usage of the 3D system in CBA is relatively rare, 
however, Iso study23 was a milestone into understanding how the CB 
changes the shape of PV ostium23. Iso uses both methods of measuring 
the RPN distance: from RSPV orifice to pacing the RPN capture, 
and the postmortem type method, from RSPV to the PN location 
corresponding with the RA in a 3D system.

Interestingly the distances in the second method were significantly 
longer than in the real postmortem studies (2,1mm Sánchez-
Quintana; 7,74 Randhava; vs. 11,4 Iso p<0,05). The reason is that the 
RPN location is somewhere between RSPV and RA, including wall 
thickness, pericardial sack, and epicardial adipose tissue presence. The 
last thing which plays a role in RPN distance is the deep setting of 
the CB. The distances before and after the balloon setting to the RPN 
significantly differ on average, by about 3.4mm 23. The same results were 
presented in Goff research 24. He proved that small variations in balloon 
placement could lead to substantial changes in phrenic – to – balloon 
distances. In summary, RPN pacing is clinically useful for delineating 
the precise course of the RPN. The RPN capture is dependent on the 
relative distance between the pacing site and the nerve position and 
course. Relative distance is dependent fromforce balloon setting in 
the RPV ostium, possibly decreasing the distance to the danger zone.

RIPV - We harvest possible data from publications used for this 
study. The only parameter to estimate was the mean distance of the 
RPN to the ostium from the RIPV. The mean distance (n-125) was 
16.53mm (±8.92) with distances from 0.4 – 68mm and was significantly 
longer than from RSPV (p<0,05). From that reason the risk of RPNI 
is significantly lower than from RSPV. Because of a small amount of 
RPNI in RIPV, insufficient data makes meta-analysis unattainable. 
The interesting fact presented in the publications was the presence of 
a right common ostium (RCO) and vigorous wedging against a large 
PV ostium will provoke the balloon’s distal displacement close to the 
RPN 30,31.

Danger zone of RPNI
In our analysis, the mean risk of RPNI was surprisingly high: 12.46% 

from RSPV, and 3.5% from RIPV. This high value occurred because 
the publications were concentrated on RPNI and were from the early 
period of cryoballoon ablation using the first-generation CB. There was 
no research in the database of CB studies without the risk of RPNI. 
This value is decreasing over the years, due to new balloon generations, 

meta-analysis because its distance relationships were often taken into 
discussion in many publications 22. Randhawa 2014 24 used the same 
methodology and had different measurements, more similar to the 
endocardial distances. Finally, Smith 2017 25 combined both of these 
techniques to create a reliable landmark for operators. The values were 
comparable with those from pacing or CT imaging

CT imaging/Preoperative visualization
In CT imaging, the RPN is not directly visualized, but the course 

of RPPB is. Among these structures, the exact course of the RPN 
may be variable. Delineation of the PN is highly dependent on image 
quality, which may raise the question of whether this technique can 
be commonly used before the procedure 23. The best example was 
illustrated by Nieto-Tolosa18 in which RPN detection was on the 20% 
level. The authors suggested that patients in whom RPPB could be 
visualized tended to have a higher BMI. Canpolat 20 three years later 
proved that this technique might be used both in average and higher 
BMI patients.

Table 3: RPN-RIPV distance

Publication Type 
of 
study

N Mean SD Min max (95%CI)

SANCHEZ 2005 15 PM 19 7.8 1.2 6 10 7.68 – 7.92

RANDHAVA 201426 PM 30 16.86 6.88 0.4 28.55 14.77 – 18.95

SMITH 2017 17 PM 28 Not measured

NIETO - TOLOSA 
2011 18

CT 10 Not measured

CANPOLAT 2014 20 CT 145 Not measured

WANG 2016 16 CT 62 17.24 7.78 7.2 33.94 13.35 – 21.13

HORTON 2010 21 CT 71 Not measured

HORTON 2010 21 CT 37 Not measured

HORTON 2010 21 P 71 Not measured

ISO 2016 23 3D/P 20 Not measured

SCHMIDT 2008 22 3D/P 7 28.2 15.3 11 68 20.04 – 36.32

GOFF 2016 24 CT/3D 7 21 6.9 10 30 17.87 – 24.13

overall 125 16.53 8.92 0.4 68 11.77 – 21.28

Group 1 62 17.24 7.78 7.2 33.94 13.35 – 21.13

Group 2 14 25.07 14.04 10 68 29.59 – 20.54

Group 3 49 13.21 6.5 0.4 28.55 11.11 – 15.31

was 13.32mm (±5.96). A similar distance was found collecting 
intraoperative techniques - 13.97mm (±7,8). Distances ranged from 
0 to 42.6 mm.

Postmortem study
The most cited publication (Sanchez 2005) 15 of RPN relation to the 

right side of the heart has a very interesting and unique methodology. 
The distance was measured from the vein margins to the presence of 
the RPN, with minimal and maximal distances on the right side of the 
heart, and not from the vein ostium. The differences of the minimal 
and maximal values for the same RPV are because of the shape of 
the cross-section of RPV, but most notably, the veins in postmortem 
studies were without blood pressure and their shape differs from a 
working heart. The minimal value from this publication was taken into 
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19. Ozawa, Y., Suzuki, R., Hara, M., & Shibamoto, Y. (2018). Identification of the 
pericardiacophrenic vein on CT. Cancer Imaging : The Official Publication of the 
International Cancer Imaging Society, 18(1), 1. https://doi.org/10.1186/s40644-

novel techniques in avoiding RPNI risk and volume of procedures. The 
lowest risk was in Franceschi’s research with feasible usage of CMAP 
with a risk of incidence of 0.7% 32. The danger zone was estimated at 
7.36mm from the RSPV ostium, i.e., it was close to the diaphragmatic 
nerve distance average in the postmortemexamination. It is slightly 
closer than proposed by Canpolat 20: -8mm. Again, the distance is not 
the only risk predictor. Many research papers noticed that the balloon 
tip was often significantly further from the projected distance relative 
to a given phrenic nerve without RPNI 6,20,21,24.Preparing this meta-
analysis, we harvest the PNP data from over 10K CBA, finding 783 
RPNI in 54 significant publications from 2008, estimating the mean 
risk level to be 7.7% - but that was not the problematic aspect in this 
research.These studies suggest that the location of the nerve near the 
PV ostium is associated with a higher risk of RPNI.

Questions for further investigation
After obtaining the distance information on relatively large groups 

of measurements (n-507), the first question is, will further research 
may contribute to a change in average distances? From our analysis, we 
know that a minimal amount of publications – with different values – 
need to exceed at least 16 in the Orwin method while in Rosenthal’s, 
72 research publications.

Another question concerns the idea that phrenic nerve injury may 
not only be dependent on  course proximity to the PV ostia, but of other 
issues such as flow size through vessels accompanying RPN in RPPB or 
thickness of fat surrounding the bundle. Interestingly, not every RPN 
in the range of balloon freeze was paralyzed. 

Finally – how to prevent or decrease the risk of RPNI? Still, the five 
main strategies play a role in preventing RPNI during cryoablation. 
From most commonly used fluoroscopy and palpation, through 
electromyography – CMAP, to intracardiac echocardiography (ICE) 
and auditory cardiotocography least often28.  The most crucial direct 
protection of the RPN during CBA, in our perspective, is CMAP 29.
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Table 1: Appendix Avardage difference data

Meta-analysis (average difference);Variable effect; significance p < 0,05

Study D SE Lower limit 
95% PU

Upper limit 
95% PU

P share %

HORTON CT -5,41 0,85 -7,08 -3,74 0,0000 24,32%

CANPOLAT CT -5,40 1,08 -7,52 -3,28 0,0000 22,87%

TOLOSA CT -10,40 5,62 -21,42 0,62 0,0643 4,54%

ISO 3D -4,50 1,23 -6,92 -2,08 0,0003 21,85%

SCHMIDT 3D -2,70 3,59 -9,74 4,34 0,4523 8,94%

MARTINS 
FLUORO

-13,50 1,87 -17,16 -9,84 0,0000 17,48%

Summary -6,61 1,31 -9,18 -4,04 0,0000 100,00%

Avardage difference data D = average for damage - average with no damage SE – standard error, 
RSD relative standard deviation

Figure: Appendix Heterogeneity analysis Galbraith graph
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Table 2: Appendix Cumulative analysisdata

Meta-analysis (average difference); Variable effectcumulative analysis (by year); significance p < 0,05

Study year D SE Lower limit 95% Cl Upper limit 
95% Cl

p Cumulative share N1 cum N2 cum RSD

SCHMIDT 3D 2008 -2,70 3,59 -9,74 4,34 0,4523 8,94% 2 5

HORTON CT 2010 -5,27 0,83 -6,89 -3,65 0,0000 33,26% 9 35 -76,98%

TOLOSA CT 2011 -5,38 0,82 -6,98 -3,77 0,0000 37,80% 11 45 -1,06%

CANPOLAT CT 2013 -5,38 0,65 -6,66 -4,11 0,0000 60,67% 15 186 -20,24%

MARTINS FLUORO 2014 -7,25 1,68 -10,53 -3,96 0,0000 78,15% 28 254 157,15%

ISO 3D 2016 -6,61 1,31 -9,18 -4,04 0,0000 100,00% 31 271 -21,79%

D = average for damage - average with no damageSE – standarderror, RSD relative standard deviation; 

Table 3: AppendixSensitivity analysis for each publication - data

Sensitivity analysis D (Odds ratio); variable effecthighlited p < 0,05

Includedstudy Group D SE Lower limit 95% Cl Upper limit 
95% Cl

P share % dSE

ISO 3D 2 -7,42 2,12 -11,57 -3,27 0,0005 77,02% 37,45%

SCHMIDT 3D 2 -7,28 1,68 -10,57 -3,99 0,0000 89,06% 8,90%

MARTINS FLUORO 3 -5,13 0,66 -6,42 -3,84 0,0000 80,69% -57,36%

HORTON CT 1 -7,19 2,32 -11,74 -2,65 0,0019 75,08% 50,33%

CANPOLAT CT 1 -7,04 1,81 -10,60 -3,49 0,0001 84,03% 17,71%

TOLOSA CT 1 -6,53 1,62 -9,71 -3,35 0,0001 94,12% 5,15%

Withoutexclusion -6,76 1,54 -9,78 -3,74 0,0000 100,00% 0,00%

D = average for damage - average with no damage SE – standard error, RSD relative standard deviation; dSE – deviation for standar error;
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Introduction
Atrial fibrillation (AF) is associated with an increased risk of  

mortality and morbidity including thromboembolic events, and 
worsening of heart failure (HF).1,2 The AF management involves 
rhythm and rate control therapy. Furthermore, AF management focuses 
on the prevention of AF-associated complications (stroke, transient 
ischemic attack (TIA), HF). Pulmonary vein isolation (PVI) with 
catheter ablation (CA) is an increasingly sophisticated and widely 
available non-pharmacological method for rhythm control in AF 
management. 1,2 Randomized clinical trials have demonstrated the 
superiority of CA for AF as compared to pharmacological treatment.3-6 
Despite significant improvement in CA technology the long-term 
outcome is still suboptimal after technically successful CA for AF.7 
Moreover, no data is available about the long-term outcome including 

mortality, thromboembolic complication and alterations of left ventricle 
(LV) function of patients in whom catheter ablation as rhythm control
strategy was declared unsuccessful.

The aim of this study was to provide long-term outcome of patients 
after failed AF ablation as compared to a control group of patients with 
successful CA of AF.

Methods
Data collection for this study was approved by the institutional 

review board and the ethical committee. All patients were eligible 
for PVI due to AF according to the guidelines.1,2 Informed consent 
was obtained from all patients for the planned  CA procedures. For 
data collection we used the so called “ElPaDo” institutional electronic 
patient dossier database (ElPaDo), which contains all patient-related 
health issues, also provided by peripheral health institutes in a scanned 
letter form. Thus, all relevant health events investigated in the present 
study including stroke, TIA and mortality was tracked from records not 
only from the Cardiology department but also from the departments 
of different subspecialties. 
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Abstract
Background: Although catheter ablation (CA) is an accepted therapeutic option for atrial fibrillation (AF), data is lacking concerning the 

long-term thromboembolic event (TE) and mortality rate of patients after unsuccessful CA for AF.

Objective:The aim of the current study was to detect the long-term TE and mortality rate of patients with successful CA (group A) of AF and 
compared those with unsuccessful ablation (group B). 

Methods: Following a 4-years of follow-up (FU)330 patients were included into the groupA, and 105 patients into the group B. Primary 
outcome was defined as all stroke/TIA occurrence. Secondary outcome was considered as all-cause mortality and stroke - and TIA only 
occurrence.

Results: Seventeen patients developed a stroke/TIA during a median of 5.8 [5.1-7.3] years of FU. In the group A 8 (2.4%) patients developed 
a stroke/TIA during a FU of 2037 person-years (incidence rate 3.92 per 1000 person-years), compared to 9 patients in the group B during a 
FU of 726 person-years (incidence rate 12.4 per 1000 person-years). The crude HR for primary outcome was 2.84 (95% CI 1.078-7.48) in the 
group B compared with the group A. Cumulative TIA-alone incidence (3.97, CI 1.10-14.34, p=0.035) and the annualized TIA-alone incidence 
rate was significantly higher in the group B. (p=0.029). Neither the mortality rate nor the incidence rate of stroke-alone differed significantly 
among the groups.

Conclusions: The risk of all stroke/TIA and TIA-alone is higher among patients after unsuccessful CA of AF compared to those after 
successful ablation.
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Patient population and follow up
All consecutive individuals who had undergone a CA of AF between 

March 2001 and January 2016 were screened for this study. Only 
patients with no prior AF ablation history and those who completed 
a minimum period of 4-year of follow-up (FU) were eligible for study 
inclusion. All patients with the a) presence of pre-procedural intra-
cavital thrombus, b) with any contraindication for anticoagulation 
therapy and c) those with inability to provide informed consent were 
excluded from the present study. Patients were enrolled into two groups. 

Patients after “successful” CA will be referred as those in group A, 
while patients after “unsuccessful” CA cohort will be referred in the text 
as those in group B. Long-term outcome data between these groups 
were compared. 

The group A included those with successful AF ablation. These 
patients were in SR throughout the follow up after single or repeated 
AF ablation procedures being on or off rhythm-control AAD treatment.

Unsuccessful ablation (group B) was defined as the followings: in 
whom normal sinus rhythm (SR) could not be maintained despite 
repeated CA for AF or the use of anti-arrhythmic drug (AAD) therapy. 
These patients remained on rate control AAD management with or 
without pacemaker (PM) backup or underwent a MAZE procedure 
otherwise a His-bundle ablation after PM implantation was performed. 
The strength of this database and our study is the extended follow up 
of four years. In many cases it required dossier analysis because 4 years 
follow up is far beyond our standard routine. This revealed in many 
cases that the first sign of recurrence was a cerebrovascular incident 
years after the initial procedure.

Study variables and study endpoints
We collected the following data: demographic and descriptive 

variables including age, gender, AF type, AF duration. Comorbid 
conditions were defined as hypertension (HT), diabetes mellitus (DM), 
hyperlipidemia, thyroid and renal function, smoking. The following 
echocardiographic parameters were collected and compared:  left atrial 
(LA) size, ejection fraction (EF) and mitral insufficiency (MI). The 
stroke risk stratification (CHA2DS2-VASC) score were calculated from 
the individual stroke risk factors: congestive heart failure, hypertension, 
age 75 or more, diabetes mellitus, stroke or TIA, vascular disease, sex 
category (female) and age 65-74.9 years.

The primary study endpoint was defined as stroke or TIA and will be 
referred in the text as stoke/TIA after PVI. Stroke-alone, TIA-alone 
and all-cause mortality were considered secondary outcomes in the 
present study.  The follow-up period started in all participants at the 
date of primary PVI and continued until outcome event (stoke/TIA 
after PVI), death, loss to follow-up or December 31, 2016, whichever 
came first.

Catheter ablation and periprocedural management of 
anticoagulation

Complete PVI was the procedural endpoint in all cases guided by 
3-dimensional mapping system with a wide variety of techniques
including cryoballoon (CB) in 68% and radiofrequency (RF) ablation
in 22% while robotic navigated ablation was utilized in 13% of the

patients. Lesions were directed only to the pulmonary veins in 54% 
(75/139) in the RF ablated patients. Additional lesions were targeted 
to fractionated electrograms in 4%, and linear lines (PVI + linear lines: 
40/139 patients, PVI+CTI:18/139 patients) were utilized in 42 % 
mostly in persistent AF patients. 

The ablation approach such as the peri-ablation antiarrhythmic drug 
and anticoagulation management and also the follow-up methodology 
was determined by the patient’s electrophysiologist following the 
currently available guidelines.

Statistics
Continuous variables are expressed as mean ± SD or as median 

and quartiles (Q1-Q3), where appropriate. Categorical data are 
shown as percentages. For statistical comparison, the non-normally 
distributed variables were compared with the Man-Whitney test, while 
ordinal variables were analyzed with the chi-square- test and nominal 
variables with the Student T-test. These comparisons were made for 
all demographics, use measures, comorbidities. Multivariate analysis of 
predictors of stroke was by Cox-regression and included the following 
factors: age, presence of paroxysmal AF, LA size. A P value of <0.05 

Figure 1:

Cumulative incidence for the distribution of time to the primary 
outcome: stroke/TIA (a) and TIA-only (b) in the successful 
and unsuccessful ablation group. Green line represents the 
unsuccessful group, blue lines represents the successful group. 
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Patient characteristics
The baseline demographic and clinical data of patients are listed 

in Table 1. The group B had significantly larger LA size (p=0.003), 
included significantly less patients with paroxysmal AF (p=0.001) 
and had more patients above 75 years of age (p=0.02). There was no 
significant difference between the study groups in age, gender and 
comorbid conditions such as hypertension, diabetes, hyperlipidaemia, 
hearth failure, COPD, renal or thyroid function. 

Smoking and overweighed patients were similarly represented in 
the two groups. The CHA2DS2VASC score profile, furthermore the 
thromboembolic history, likewise the vascular and valvular heart disease 
rate were not different between the investigated groups.

Procedural outcome
Sixty-eight (296/435) percent of general patient cohort had a CB 

ablation as first procedure, the remaining 22% underwent CA with 
a radiofrequency RF CA (Table 4). A higher rate of CB usage was 
represented in the group A (p=0.004), while in the group A CA was 
utilized more frequently during the index procedure (p=0.004). There 
was no significant difference in the radiation and procedure time among 
the examined groups. Redo ablation overall was performed in 45% of 
the patients, more often in the group B (58%) compared to the control 
group (41%) (p=0.003). The mean number of CA for AF per patients 
was 0.76±0.74 in the group B (in 42 patients 2 attempts, in 19 patients 
3 attempts), while 0.49±0.66 in the successful group (group A) (in 108 
patients 2 attempts, in 24 patients 3 attempts, in 2 patients 4 attempts) 
(p=0.001). In addition, 23 patients (22%) underwent a His-ablation, 
while in 29 patients (28%) a  MAZE procedure was implemented in 
the group B. In the group B 39 patients (37%) underwent a PM or 
CRT implantation after PVI, compared to one patient in the group 
A (p<0,005). 

was considered statistically significant. The annualized incidence rate 
of stroke/TIA were estimated by dividing the number incident cases 
of stroke/TIA by total follow-up time. It was expressed as number per 
1000 person-years of observation. Because time to stroke/TIA can be 
competing risk of mortality, cumulative incidence function was used 
to estimate the distribution of time to stroke/TIA and to secondary 
outcome. Statistical analysis was performed with SPSS Statistics for 
Windows, Version 24.0.

Results
1002 patients who underwent PVI were screened for this study. 

Finally, 435 patients were enrolled into the study analysis. Three-
hundred thirty patients after a successful AF ablation were included 
into the group A. Of the latter group, 105 patients were included into 
the group B after a CA for AF with a completed 4-year of follow-up. 

Table 1: Patient demographic, echocardiographic data and stroke risk 
factors

Total (%)
N=435

Pts with 
successful 
ablation (%)
N=330

Pts with 
unsuccessful 
ablation (%)
N=105

P-value

Sex (Female) 120/435 (28) 93/330 (28) 27/105 (26) 0.71

Age (years) 55±9 56±10 56±9.5 0.937

Age > 65 years 78/435 (17.93) 65/330 
(19.67)

13/105 (12.3) 0.108

Age > 75 years 8/435 (1.84) 3/330 (0.9) 5/105 (4.76) 0.022

Paroxysmal AF 391/435 (89.9) 307/330 (93) 84/105(80) 0.001

AF duration (years) 2 [1-4] 2 [1-4] 2 [1-4] 0.573

LA size (mm) 42.62±6,44 42.82±6.68 44.51±6.06 0.003

Ejection fraction (%) 63[54-71] 63[54-71] 64.5[53-73.25] 0.585

Mitral insufficiency 50/435 (11.5) 38/330 (11.5) 12/105 (11.42) 1

Congestive heart failure 19/435 (4.36) 15/330 (4.54) 4/105 (3.81) 1

Hypertension 196/435(45) 142/330 (43) 54/105(51.42) 0.14

Diabetes 28/435 (6.43) 21/330(6.36) 7/105 (6.66) 1

Hyperlipidemia 82/435(18.85) 59/330 
(17.87)

23/105 (21.9) 0.39

COPD 10/435 (2.29) 5/330 (1.51) 5/105 (4.76) 0.066

Thyroid dysfunction 36/435 (8.27) 23/330 (6.97) 13/105 (12.38) 0.102

Pulmonary embolism 2/435 (0.46) 1/330 (0.30) 1/105 (0.95) 0.425

Stroke/TIA before 
enrollment 

24/435 (5.52) 17/330 (5.15) 7/105 (6.66) 0.623

Vascular disease 18/435 (4.13) 15/330(4.54) 3/105(2.85) 0.581

Smoking 39/435 (8.96) 27/330 (8.18) 12/105 (12.38) 0.329

Body mass index 27±4.51 26±4.04 27±5.71 0.264

GFR 82 [70-90] 82 [70-90] 78 [66-90] ns

CHA2DS2VASC score 1.23±1.15 1.22±1.14 1.28±1.19 0.637

CHA2DS2VASC score 0 134/435 (30.8) 102/330 
(30.9)

32/105 (30.47) 1

CHA2DS2VASC score 1 156/435 
(35.86)

121/330 
(36.66)

35/105 (33.33) 0.561

CHA2DS2VASC score 2 90/435 (20.69) 68/330 (20.6) 22/105 (20.9) 1

CHA2DS2VASC score 3 36/435 (8.27) 25/330 (7.57) 11/105 (10.47) 0.415

CHA2DS2VASC score 4 13/435 (5.28) 10/330 (3.03) 3/105 (2.86) 1

CHA2DS2VASC score 5 4/435 (0.92) 2/330 (0.6) 2/105 (1.9) 0.247

CHA2DS2VASC score 6 2/435 (0.45) 2/330 (0.6) 0/105 1

*Pt: patient,†LA: left atrium,‡ TIA: transient ischemic attack,∫CHA2DS2VASC: stroke stratification 
score, ||COPD: chronic obstructive pulmonary disease, #GFR: glomerulus filtration rate

Table 2: Primary, secondary outcome data

Total (%)
N=435

Pts with 
successful 
ablation (%)
N=330

Pts with 
unsuccessful 
ablation (%)
N=105

P-value

Primary outcome 
-Stoke/TIA after PVI

17/435 (3.91) 8/330 (2.42) 9/105 (8.57) 0.008

Secondary outcome
-Stroke alone after PVI 
-TIA alone after PVI
-All cause-mortality

7/435 (1.61)
10/435 (2.29)
16/435 (3.67)

4/330 (1.21)
4/330 (1.21)
12/330 (3.64)

3/105 (2.86)
6/105 (5.71)
4/105 (3.81)

0.367
0.015
1

Event rate 33/435 (7.35) 20/330(6.06) 13/105 
(12.38)

0.033

Intracranial bleeding 
after PVI

2/435 (0.45) 0 2/105 (1.9)

Follow-up period (years) 5.8 [5.1-7.3] 5.7 [5.08-
6.99]

6.25 [5.15-
8.89]

0.011

Stroke/TIA occurrence 
after PVI (year)

4.65±3.04 5.13±3.03 4.22±3.16 0.556

Stroke occurrence after 
PVI (year)

5.54±2.94 4.48±2.89 6.96±2.83 0.310

TIA occurrence after PVI 
year (year) 

4.03±3.08 5.81±3.37 2.84±2.46 0.144

*TIA: transient ischemic attack, †PVI: pulmonary vein isolation
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one from intracranial bleeding. The residual 14 patients died because 
of cancerous disease.

Discussion
To the best of our knowledge, this is the first study comparing the 

long-term outcome data including stroke/TIA, stroke-alone, TIA-
alone, all-cause mortality of patients after failed CA of AF to a control 
group of those with successful AF ablation. The major finding of this 
study is that those who had unsuccessful ablation faced a significantly 
higher rate of stroke/TIA or TIA-alone in comparison to the control 
group during a 5.8-year of FU. However, we did not find significant 
difference between the groups in mortality rate. 

Comparison to previous studies
Several previous studies investigated the outcome of AF ablation 

therapy (irrespective of success) compared to antiarrhythmic (regardless 
of rate of rhythm control) AF management. 8-12 These studies showed 
that CA for AF was associated with a reduced risk of stroke and 
mortality in comparison to medical treatment. It was established 
in the propensity score-matched population-based study by Saliba 
et al. that even in predominantly high-risk AF patients (with high 
CHA2DS2VASC score) the ablation therapy significantly lowered the 
risk of stroke/TIA than did the medical therapy.10 Bunch et al. also 
provided data on lowered long-term risk of cerebrovascular event in 
the ablated group compared to non-ablated group.13 The nationwide 
cohort study by Chang et.al also revealed a reduced incidence of stroke 
but not of death in comparison between ablation and non-ablation 
AF management therapy.8 The above mentioned studies investigated 
mixed patient cohorts to compare the outcome data of ablated vs. non-
ablated patients. While, Kochhäuser et al. investigated only those who 
were free of AF 12 months after PVI.14 They reported that 4 out of 398 
patients (1%) suffered from stroke during a median FU of 529 days. 
Most of the published literature evaluating stroke risk following PVI 
provides outcome data only with short or mid-term FU. However, it 
is crucial to highlight that these may underestimate the prevalence of 
thromboembolic events (TE) after PVI, as we showed that stoke after 
PVI occurred with a mean of 5.54±2.94 years, while TIA with a mean 
of 4.03±3.06 years.

 It is also essential to emphasize that there is a progressive and 
significant decline in freedom from AF between 1, 3 and 5-year after 
successful PVI in patients with PAF.7 Although, the rate of decline 
in freedom from arrhythmia after PVI was reported to be the highest 

Table 3:
Incidence density rates for association between successful and 
unsuccessful catheter ablation for AF and primary and secondary 
outcomes 

Study outcome Study group No. of 
events

Follow-up 
duration 
(person-
years)

Incidence rate 
(95% CI) 
Per 1000 person-
years

P 
value

Primary outcome:
-Stroke/TIA

Successful
Unsuccessful

8
9

2037
726

3.92 (1.82-7.45)
12.4 (0.60-2.275) 0.021

Secondary 
outcome:

-Stroke alone Successful
Unsuccessful

4
3

2037
726

1.96 (0.52-5.02)
4.13 (1.05-11.25) 0.35

-TIA alone Successful
Unsuccessful

4
6

2037
726

1.96 (0.52-5.02)
8.26 (3.01-17.99)

0.029

-Mortality Successful
Unsuccessful

12
4

2037
726

5.89(3.04-10.29)
5.51 (1.48-14.11) 0.944

Table 4:
Crude hazard ratio for the association between successful and 
unsuccessful catheter ablation and primary and secondary 
outcomes

Study outcome Study group Crude HR
(95% CI)

P value

Primary outcome:
-Stroke/TIA

Successful
Unsuccessful

Reference
2.84 (1.07-7.489) 0.035

Secondary outcome:

-Stroke alone Successful
Unsuccessful

Reference
1.75 (0.38-8.09) 0.471

-TIA alone Successful
Unsuccessful

Reference
3.97 (1.10-14.34) 0.035

-Mortality Successful
Unsuccessful

Reference
0.74 (0.23-2.31) 0.611

*TIA: transient ischemic attack, †CI: confidence interval

Long-term outcome
Of the 435 patients in the general patient cohort, 17 (4%) patients 

developed stroke/TIA during a mean of 5.8 [5.1-7.3] years of FU. The 
stroke/TIA incidence rate was 6.15 per 1000 person-years during 2763 
person-years of FU in the whole patient population. In the group A 
8 (2.4%) patients developed stroke/TIA during 2037 person-year of 
follow-up (incidence rate 3.92 per 1000 person-years), while in the 
group B 9 patients developed stroke/TIA during 726 person-year of 
follow-up (incidence rate 12.4 per 1000 person-years). 

The cumulative incidence of stoke/TIA was higher in the group B 
than in the group A. The crude HR for primary outcome was 2.84 (95% 
CI 1.078-7.48) in the group B compared with the group A (Table 4).

After adjusting the results for age (per ten years), left atrial size 
and presence of paroxysmal AF the hazard ratio (HR) was 3.44 
(95% CI 1.24-9.54) in the group B. No significant interaction was 
found between unsuccessful ablation and left atrial size, type of AF 
(p for interaction =0.38), and age (p for interaction =0.07). Those who 
had unsuccessful ablation had a 3,4 times higher risk of stroke/TIA 
during the follow-up period as compared to the control group (Table 
5).The mean time to stroke/TIA occurrence was 5.13 ± 3 vs 4.22 ± 
3.1 year in the successful and unsuccessful group. (p=0.55) One out 
of 17 patients who suffered stroke/TIA during the follow-up was off 
anticoagulation therapy with CHA2DS2VASC score of 0, and 1 patient 
with CHA2DS2VASC score of 1 treated with aspirin also suffered a 
stroke/TIA. All further 15 patients except one had a therapeutic INR 
level at the time of cerebrovascular event.

Secondary outcome
Cumulative TIA-alone incidence (3.97, CI 1.10-14.34, p=0.035) 

such as the annualized TIA-alone incidence rate was significantly 
higher (6/105 patients) in the group B (8.26 incidence rate per 1000 
person-years) as compared to the (4/330 patients) group A (1.96 
incidence rate per 1000 person-years) (p=0.029) (Table 3, Figure 1) The 
mean time to stroke-alone occurrence was 4.48±2.8 year in the group 
A, and 6.96±2.8 year in the group B (p=0.31). TIA-alone developed 
after PVI with a mean of 5.81±3.3 vs. 2.84±2.4 year in the successful 
and unsuccessful group (p=0.144) (Table 2) Neither the mortality rate 
nor the incidence rate of stroke-alone differed significantly among 
the groups (Table 3,4,5). One patient died from stroke, while a further *CI: confidence interval, †HR: hazard ratio,‡TIA: transient ischemic attack
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ablation, while being superior to medical therapy, its long-term 
success still remains lower than ablation for other arrhythmias. Further 
attempts should be made to improve the long-term success of patient 
who undergo AF ablation. Nevertheless, it would be of a great interest 
to apply a more effectual follow-up methodology for those with 
unsuccessful CA for AF and to follow the effect of the AF ablation 
therapy over the life course rather than using a short time horizon. The 
late occurrence of  TE events after ablation procedure still remain a 
key clinical phenomenon especially among those after failed rhythm 
control strategy. Taking into consideration that in the present study the 
majority of TE events occurred  with therapeutic INR level, the role 
of novel anticoagulants in preventing these complications late after 
ablation remains to be investigated. We may assume that in patient 
with previous stroke/TIA and failed ablation therapy there should be 
a lower threshold preserved  to make the indication for a LAA closure 
procedure. Furthermore, better understanding of stroke mechanism 
is necessary. 

Study limitations
Our study has several limitations. This is a single-center retrospective 

study from a large consecutive population that underwent CA for AF. 
The only inclusion criteria for this AF ablation population was to have a 
completed long-term follow-up period of 4 years. All other procedural 
and follow-up methodologies were included, as we used follow-up data 
provided by peripheral health centers as well. Additionally, no data was 
available in the large population concerning anticoagulation strategy, 
compliance to anticoagulation treatment, or physician attitude to follow 
the anticoagulation management guidelines.

Conclusion 
In conclusion, the present study reports on a higher stroke/TIA and 

TIA-alone incidence with a long-term follow-up in patients with a 
failed CA for AF as compared to those with successful AF ablation. The 
use of novel anticoagulants in preventing these complications late after 
ablation is required to be investigated. We may conclude that in patients 
with previous stroke/TIA and/or with failed ablation therapy a lower 
threshold for LAA closure procedure should be practiced. Furthermore, 
better understanding of atrial fibrillation and stroke mechanism are 
pivotal. Finally, randomized, controlled trials are warranted to confirm 
our findings.
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*adjusted for left atrial size, age (per ten years) and presence of paroxysmal atrial fibrillation
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Introduction
Catheter ablation is an established effective therapy for atrial 

fibrillation (AF). However, a number of patients require repeat ablation 
procedures due to recurrence of atrial tachyarrhythmias.Reduced 
amplitude on atrial endocardial electrograms correlates with atrial 
scarring as detected by delayed-enhancement magnetic resonance 
imaging.1 The prevalence of left atrial low-voltageareas (LVAs) is 
strongly associated with the recurrence of atrial tachyarrhythmias, 
and adding guided ablation of LVAs improves procedural outcomes 
compared to pulmonary vein isolation (PVI) alone.2-5

Brain natriuretic peptide (BNP)is released by the heart in response to 
myocardial tension and increased intravascular volume,and is a reported 
biochemical marker of high left ventricular end-diastolic pressure,6 
reflective of left atrial pressure. Elevated left atrial pressure is associated 
with LVA prevalence.7-8 A preliminary study showed that BNP levels 

were increased in AF patients and was associated with greater risk of 
AF recurrence after catheter ablation.9 To our knowledge, however, 
the association between BNP and LVA prevalence has not been fully 
clarified. 

The objective of this study was to investigate the association between 
BNP levels and the prevalence of LVAs.

Methods
Patients 

From December 2014 to January 2016, we retrospectively enrolled 
183 consecutive AF cases of initial ablation at our hospital. Serum 
BNP levels were measured one day before and 6 months after 
ablation. Patients who could not maintain sinus rhythm after electrical 
cardioversion followed by PVI were excluded. Other exclusion 
criteria were age <20 years,severe coronary artery disease requiring 
revascularization, left atrial thrombus, and prior catheter ablation of 
AF. Patients with decompensated heart failure,such as pulmonary 
edema, were also excluded. This study complied with the Declaration of 
Helsinki. Written informed consent for the ablation and use of data in 
this studywas obtained from all patients, and the protocol was approved 
by our Institutional Review Board.
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Abstract
Backgrounds: The prevalence of residual left atrial low-voltageareas (LVAs) is associated with atrial fibrillation (AF) recurrence after 

pulmonary vein isolation. Brain natriuretic peptide (BNP) may be increased in AF patients and may raise AF recurrence risk after catheter 
ablation.We investigated the association between BNP and the prevalence of LVAs.

Methods:  One hundred and eighty three consecutive AF caseswere retrospectively enrolled that underwent initial ablation for AF (persistent 
AF, 82 [45%] patients). Serum BNP was measured before ablation and the natural logarithm of BNP (log-BNP) was calculated. Low-voltage 
points were defined as sites with left atrial electrogram amplitude <0.5 mV. LVAs were defined as regions with ≥5% low-voltage points across 
the total surface area of the left atrium. 

Results: Of the 183 patients, 38 (21%) had LVAs. Patients with LVAs demonstrated higher log-BNP(4.8±0.9vs. 3.9±1.2, P<0.001). The 
optimal cut-off value of log-BNP was 4.4, which was equivalent to 81 pg/mL of BNP. LVAs were more frequent in patients with higher log-BNP. 
In multivariate analysis, log-BNP>4.4 was an independent predictor of LVAs(odds ratio 2.7 [95% confidence interval 1.01–7.1], P=0.048).
Freedom from AF recurrence was significantly lower in patients with than without high log-BNP (P=0.007).

Conclusions: BNP correlated with the prevalence of left atrial LVA sand AF recurrence in patients with AF undergoing catheter ablation.
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Radiofrequency Catheter Ablation Procedure
Electrophysiological studies and catheter ablation were performed 

under local anesthesia and intravenous sedation with dexmedetomidine 
and thiamylal sodium, with the latter performed by two experienced 
operators. A 6-Fr decapolar electrode was inserted into the coronary 
sinus, while another 6-Fr decapolar electrode was placed in the 
right atrium. Followinga transseptal puncture at the fossa ovalis, we 
introduced two or three long sheaths into the left atrium using a single 
transseptal puncture techniqueunder intracardiac echocardiographic 
guidance. A 20-pole circular catheter was placed at the pulmonary 
veins via long sheaths. Electrical cardioversion was performed in cases 
with persistent AF. Ablation and mapping were then performed under 
guidance from an electroanatomical mapping system (Carto3; Biosense 
Webster, Diamond Bar, CA, USA). Circumferential ablation around 
both ipsilateral pulmonary veins was performed using a dragging 
technique. 

An open-irrigated ablation catheter with a 3.5-mm tip (Thermocool 
SmartTouch™ catheter; Biosense Webster) was used via an Agilis™ 
or Swartz™ Braided SL0™ Transseptal Guiding Introducer Sheath 
(St. Jude Medical, Minnetonka, MN, USA). Radiofrequency energy 
was applied for 30 s at each site using a maximum temperature of 
42°C, maximum power of 35 W, and flow rate of 17 mL/min. At the 
posterior wall near the esophagus, the duration of the radiofrequency 
energy delivery was limited to 15 s. Operators attempted to maintain 
contact force values between 10 and 30 g to ensure an appropriate 
degree of contact between the catheter and myocardium. PVI was 
considered complete when the 20-pole circular catheterceased 
recording pulmonary vein potentials.If atrial flutter was induced by 
atrial burst stimuli or occurred spontaneously, additional ablation was 
performed. AF triggers originating from non-pulmonary-vein foci 
induced by isoproterenol infusion were also ablated.

Voltage Mapping
Following PVI, detailed voltage mapping using a bipolar 3.5-mm 

tip catheter was performed during sinus rhythm using methods we 
described previously.3 Mapping points were acquired to fill all color gaps 
on the voltage map using the electroanatomical mapping system with 
an interpolation threshold of 15 mm for the fill threshold and 23 mm 
for the color threshold. High-density mapping was additionally added 
at sitesof recorded LVAs to exactly delineate their extent. Adequate 
endocardial contact was confirmedby increased contact force values 
of ≥5 g, the distance to the geometry surface, and stable electrograms. 
The band pass filter was set at 30–500 Hz and each acquired point 
was classified according to thepeak-to-peak electrogram as follows: 
>0.5 mV, healthy; 0.2–0.5 mV, diseased; and <0.2 mV, scarred.Low-
voltage points were defined as sites with ≥3 adjacent points of <0.5mV 
as per our previous study.3 LVAs were defined as regions with ≥5%
low-voltage points across the total surface area of the left atrium. The
target number of mapping points was >100 points throughout the left 
atrium.Similar to our previous study, the left atrium was divided into
six segments: antero-septal, posterior, roof, inferior, and posterolateral.3

Representative cases are shown in Figure 1.

Followup
Long-term rhythm outcomes were followed for 24 months in 

181 patients. Two patients were lost to followup. Followup of the 

patients was performed as routine visits, usually every 3 months in 
the first year and every 6 months thereafter. Patients who could not 
visit our hospital were contacted by a physician and asked about their 
symptoms. A twelve-lead electrocardiogram was performed at each 
routine consultation and Holter electrocardiography was performed 
6 months after the procedure.AF recurrence was defined as atrial 
tachyarrhythmias lasting>30 s ≥90 dafterthe procedure.

Figure 1:

Representative electroanatomical maps from patients with or 
without LVAs.
(A) A patient without LVAs with low log-BNP (1.4, equivalent to 4
pg/mL of BNP). 
(B) A patient with LVAs in the antero-septal, posterior, roof,
inferior, and posterolateral regions of the left atrium with high
log-BNP (5.2, equivalent to 186 pg/mL of BNP). Anterior-posterior 
view (left), posterior-anterior view (right).

LVAs: low-voltage areas, log-BNP: natural logarithm of brain natriuretic peptide, BNP: brain 
natriuretic peptide.

Figure 2:

Association between brain natriuretic peptide and the prevalence 
of LVAs 
(a) LVAs are more frequently observed in patients with higher
brain natriuretic peptide levels. 
(b) Receiver operating characteristic curve analysis reveals that
brain natriuretic peptide is a good predictor of the prevalence of
LVAs. The tangent (dotted line) to the curve intersects at a point
corresponding to the cut-off value (asterisk).

log-BNP: natural logarithm of brain natriuretic peptide, BNP: brain natriuretic peptide, LVAs: low-
voltage areas, AUC: area under the curve.
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requiring permanent pacemaker implantation, andatrio-esophageal 
fistula were not observed. 

LVAs
Left atrial voltage mapping was completed in all cases, with a mean 

number of acquired mapping points of104±23 per case. LVAs were 
identified in 38 (21%) cases. Of these, the totalarea withlow-voltage 
was 11.5 (8.5–20.3) cm2, the total area on the left atrial surface was 
91.3 (78.0–107.0) cm2, and the proportion of areas with low-voltage 
on the left atrial surface was 11.6% (8.3–18.9%).There was significant 
correlation between the area on the left atrial surface and total area 
with low-voltage (r = 0.25, p < 0.001). LVAs were present in the antero-
septum,posterior, roof, inferior, and posterolateral segmentsin 57 (31%), 
16 (15%), 19(16%), 8(6%), and 7(4%)patients, respectively.

BNP andLVAs
Patients with LVAs demonstrated higher BNP levels (138 (82-

213) vs. 55 (23-119) pg/mL, P< 0.001)and log-BNP values(4.8 ±
0.9 vs. 3.9 ± 1.2, P< 0.001) than those without LVAs (Table 2). There 
was significant correlation between area on the left atrial surface and 
BNP levels (BNP, r = 0.28, p < 0.001; log-BNP, r = 0.35, p < 0.001). 
ROC curve analysis revealed that log-BNPwas a good predictor of 
the prevalence of LVAs (area under the curve, 0.728) (Figure 2b). The 
optimal cut-off value of log-BNPwas 4.4, which was equivalent to 81 
pg/mLof BNP, corresponding to 76.3% sensitivity, 62.1% specificity, 
and 65.0% predictive accuracy.

Log-BNP was consistently higher in patients with LVAs than in 
those without LVAs, irrespective of the absence or presence of a history 
of heart failure (with heart failure, 5.3 ± 0.8 vs. 4.4 ± 1.0, P = 0.03; 
without heart failure, 4.7 ± 0.8 vs. 3.9 ± 1.2, P< 0.001).

Impact of ablation on BNP
Overall, log-BNP decreased after ablation (baseline, 4.2 ± 1.1; 6 

months after ablation, 3.6 ± 1.0, P < 0.001). Moreover, log-BNP was 
reduced irrespective of AF recurrence and the prevalence of LVAs, 
except for patients without LVAswith AF recurrence (Figure 3). 

Statistical Analysis
Continuous data are expressed as the mean ± standard deviation. 

Categorical data are presented as absolute values and percentages. Tests 
for significance were conducted using the unpaired t-test, paired t-test 
or Mann-Whitney test for continuous variables and the chi-squared 
test for categorical variables.The natural logarithm of BNP (log-BNP) 
was calculated to follow a normal distribution. Pearson’s correlation 
analysis was performed to analyze the correlation between area on 
the left atrial surface and BNP or total area with low-voltage.We also 
performed receiver operating characteristic curve (ROC) analysis 
between log-BNPand the prevalence of LVAs. Kaplan-Meier analysis 
and the log-rank test were performed to investigate the association 
between recurrence of atrial tachyarrhythmia and the prevalence of 
LVAs. Univariate and multivariate logistic regression analyses were 
used to determine the clinical factors associated with the prevalence 
of LVAs. Variables with a P value ≤ 0.05 in the univariate models were 
included in the multivariate analysis. All analyses were performed using 
commercial software (SPSS, SPSS, Inc., Chicago IL, USA).

Results
Patient Characteristics

Patient characteristics are shown in Table 1. Of the 183 patients 
in this study, 23 (13%) had a past history of heart failure: 19 (10%) 
patients had heart failure with a preserved ejection fraction (left 
ventricular ejection fraction ≥50%) and 4 (2%) had heart failure with 
a reduced ejection fraction (left ventricular ejection fraction <50%).
The presumed causes of heart failure were tachycardia-induced 
cardiomyopathy (11 patients), ischemic cardiomyopathy (3 patients), 
dilated cardiomyopathy (2 patients), hypertrophic cardiomyopathy 
(2 patients), valvular heart disease (2 patients), and other (3 patients).

PVI was successfully completed in all cases. We performed the 
following additional ablations: cavo-tricuspid isthmus linear ablation 
in 24 patients, left atrial linear ablation in 7 patients, superior vena 
cava isolation in 5 patients,premature atrial contraction or focal atrial 
tachycardia ablation originating from lesions other than the pulmonary 
vein or superior vena cava in 4 patients, and ablation of other lesions in 6 
patients. Complications such as cardiac tamponade, stroke, bradycardia 

Figure 3:

Change in log-BNP before and 6 months after AF ablation
(A) Among patients without AF recurrence at 6 months, log-BNP
is significantly decreased in patients with and without LVAs. 
(B) Among patients with AF recurrence, log-BNP is significantly 
decreased in patients with LVAs.

log-BNP: natural logarithm of brain natriuretic peptide, AF: atrial fibrillation, LVAs: low-voltage areas

Figure 4:

Freedom from AF recurrence in patients with or without LVAs and 
high brain natriuretic peptide
Freedom from AF recurrence is significantly lower in patients 
with high brain natriuretic peptide and those with LVAs than in 
patients without high brain natriuretic peptide and without LVAs, 
respectively. 

¶ This level of log-BNP is equivalent to 81 pg/mL of BNP.
log-BNP: natural logarithm of brain natriuretic peptide, AF: atrial fibrillation, LVAs: low-voltage areas
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smay be explained by the link between BNP and several factors that can 
cause atrial fibrosis and decrease endocardial voltage. First,increased 
left atrial wall stress caused by volume or pressure overload in the 
left ventricle and atrium can lead to left atrial fibrosis and BNP 
elevation.6 Second, neurohormonal abnormality is a well-recognized 
cause of myocardial fibrosis and has been shown to promote BNP 
secretion.10 Third, AF burden is associated with atrial fibrosis and BNP 
elevation,11-12 although the causal relationship between these factors 
has not been established. Finally, aging is also a factorassociated with 
promoting myocardial fibrosis,13 and elderly people exhibit higher 

Table 1: Characteristics of patients with and without high BNPa

Variable All (n= 
183)

Log-BNP P value

> 4.4b (n= 84) ≤ 4.4b  (n= 99)

Age, years 67±9 69±8 65±10 < 0.001

Female, n (%) 49 (27) 24 (29) 25 (25) 0.61

Body mass index, kg/m2 24±3.8 23±3.6 24±3.9 0.10

CHA2DS2-VASc score 2.3±1.4 2.6±1.4 2.1±1.5 0.02

Persistent AFc, n (%) 82 (45) 56 (67) 26 (26) < 0.001

Congestive heart failure, n (%) 23 (13) 15 (18) 8 (8) 0.047

Hypertension, n (%) 110 (61) 49 (58) 61 (62) 0.65

Diabetes mellitus, n(%) 27 (15) 15 (18) 12 (12) 0.28

Brain natriuretic peptide, pg/mL 73 (27-
152)

159 (109-227) 30 (17-51) < 0.001

Log-brain natriuretic peptide 4.1±1.2 5.1±0.5 3.2±0.8 < 0.001

eGFRd, mL/min/1.73m2 81±24 68±15 58±14 < 0.001

Left ventricular diastolic 
diameter, mm

47±5 47±6 47±5 0.50

Left ventricular ejection 
fraction, %

64±9 63±10 65±7 0.07

Left ventricular mass index, 
g/m2

97±88 92±25 101±117 0.54

Left atrial diameter, mm 39±7 41±7 37±7 < 0.001

Mitral regurgitation ≥ mild, n (%) 52 (28) 34 (41) 18 (18) 0.001

Table 2: Predictors of LVAsa

Variable All 
(n=183)

LVAs Univariate analysis Multivariate 
analysis

With
(n= 38)

Without
(n=145)

ORe [95% 
CIf]

P 
value

OR [95% 
CI]

P 
value

Age, per 
10-year 
increment

6.7±0.9 7.1±0.7 6.6±1.0 2.2 [1.3, 
3.7]

0.002 2.1 [1.1, 
3.8]

0.02

Female, n (%) 49 (27) 18 (47) 31 (21) 3.3 [1.6, 
7.0]

0.002 5.5 [2.1, 
15]

0.001

Body mass 
index, kg/m2

24±3.8 23±3.6 24±3.8 0.9[0.8, 
1.04]

0.19 - -

CHA2DS2-
VASc score

2.3±1.4 3.0±1.6 2.1±1.4 1.5[1.2, 
2.0]

0.002 - -

Persistent 
AFb, n (%)

82 (45) 25 (66) 57 (39) 3.0[1.4, 
6.3]

0.004 4.0 [1.4, 
11]

0.01

Congestive 
heart failure, 
n (%)

23 (13) 9 (24) 14 (10) 2.9[1.1, 
7.4]

0.03 - -

Hypertension, 
n (%)

110 
(61)

23 (61) 87 (60) 1.02 [0.5, 
2.1]

0.95 - -

Diabetes 
mellitus, n(%)

27 (15) 5 (13) 22 (15) 0.8 [0.3, 
2.4]

0.76 - -

Log-brain 
natriuretic 
peptide

4.1±1.2 4.8±0.9 3.9±1.2 2.4 [1.6, 
3.6]

< 
0.001

- -

Log-brain 
natriuretic 
peptide>4.4c, 
n (%)

84 (46) 29 (76) 55 (38) 5.3 [2.3, 
12]

< 
0.001

2.8 [1.01, 
7.1]

0.048

eGFRd, per 
10mL/
min/1.73m2 
increment

8.1±2.4 5.9±1.2 6.5±1.6 0.8 [0.8, 
0.9]

< 
0.001

1.02 [0.7, 
1.4]

0.91

Left 
ventricular 
diastolic 
diameter, 
mm

47±5 46±6 47±5 0.96 [0.9, 
1.03]

0.27 - -

Left 
ventricular 
ejection 
fraction, %

64±9 63±10 65±8 0.98[0.9, 
1.02]

0.22 - -

Left 
ventricular 
mass index, 
g/m2

97±88 88±26 99±97 0.997 
[0.99, 
1.01]

0.55 - -

Left atrial 
diameter, 
mm

39±7 41±7 39±7 1.04 [0.99, 
1.1]

0.11 - -

Mitral 
regurgitation 
≥ mild, n (%)

52 (28) 19 (50) 33 (23) 3.4 [1.6, 
7.1]

0.001 2.3 [0.95, 
5.4]

0.07

a BNP = brain natriuretic peptide. b This log-BNP level is equivalent to 81 pg/mL of BNP. cAF = 
atrial fibrillation.
d eGFR = estimated glomerular filtration rate. 
Values indicate mean ± standard deviation or median (1st quartile-3rd quartile).

Predictors of the prevalence of LVAs
Patients with LVAs were significantly older, more frequently female, 

and had persistent AF, higher CHA2DS2-VASc scores,higher log-
BNP,lower estimated glomerular filtration rate and more frequent 
mitral regurgitationthan those without LVAs(Table 2).

In the multivariate analysis, log-BNP>4.4, persistent AF, females, 
and aging were predictors of the prevalence of LVAs.

AF recurrence and BNP
During the 24-month study period, 36 patients developed AF 

recurrence. Freedom from AF recurrence was significantly lower in 
patients with LVAs than in those withoutLVAs. Freedom from AF 
recurrence was also significantly lower in patients with log-BNP >4.4 
than in those withlog-BNP≤4.4 (Figure4).

Discussion
In this retrospective observational study, we analyzed 183 cases of 

AF ablation and investigated the association between the prevalence 
of LVAs and BNP level. The main findings were as follows:(1) LVAs 
were present in 21% of the total study population; (2) LVAswere 
more prevalent in patients with high BNP; and(3) freedom from AF 
recurrence was significantlylower in patients withlog-BNP>4.4, which 
was equivalent to 81 pg/mL of BNP.

BNPand LVAs
The association between high BNP levels and the prevalence of LVA 

aLVAs = low-voltage areas, bAF = atrial fibrillation, c This level of log-BNP is equivalent to 81 pg/
mL of BNP.deGFR = estimated glomerular filtration rate, eOR = odds ratio, fCI = confidence interval.
All values indicate mean±standard deviation unless otherwise indicated.
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been biased and the results of this study should be carefully applied 
in clinical settings. Finally, statistical analyses were limited by the 
relatively small size of the study population.

Conclusions
Higher BNP levels were associated with the prevalence of left atrial 

LVAs and recurrence in AF patients undergoing catheter ablation.
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BNPlevels than younger people.14

Change in BNP level before and after ablation
Log-BNP was significantly decreased in patients without AF 

recurrence for 6 months, irrespective of the presence or absence of 
LVAs. Even in patients with AF recurrence, log-BNP was reduced in 
patients with LVAs. However, patients without LVAs who experienced 
AF recurrence did not show a reduction in log-BNP.

A possible mechanism underlying the reduction in BNP levels 
after ablation may be tha themodynamics improves via the recovery 
of atrio-ventricular association and normal heart rate, and subsequent 
reduction in left ventricular filling pressure. Therefore, the degree of 
BNP decrease is expected to be maximal in patients with high baseline 
left ventricular filling pressure and no AF recurrence. This hypothesis 
would explain why no BNP decrease was observed in patients without 
LVAs who experienced AF recurrence but no increase in left atrial or 
left ventricular filling pressure.7-8

Predictors of LVAs
Patients with LVAs were significantly older, more frequently female, 

and more frequently had persistent AF, higher CHA2DS2-VASc 
scores,and more mitral regurgitationthan those without LVAs, which 
is consistent with previous reports.15-17
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influenced LVAs.18 Even after adjusting for these factors, log-BNP 
was an independent predictor ofthe prevalence of LVAs. BNP might 
therefore compensate for other potential associated factors.

Clinical implications
The prevalence of LVAs is associated with AF recurrence and the 

need for other forms of ablation in addition to PVI. A simple and non-
invasive method for measuring BNP would enable the prediction of 
AF ablation outcomes, aid in determining theindication of catheter 
ablation and the need for additional ablations other than PVI.

Limitations
Several limitations exist in this study. First,measurement of serum 

BNP levels performed be fore the procedure may be influenced by 
short-term hemodynamics, although we did exclude hemodynamically 
unstable patients such as those with decompensated heart failure.
Second, as we conducted voltage mapping after completing PVI, the 
prevalence of LVAs might not have been precisely determined due to the 
presence of ablation lesions.Third,although contact force was used to 
confirm contact and we excluded low-voltage areas with < 5% across the 
total surface area of the left atrium,it could not be denied that LVAs by 
using ablation catheters were overestimated. Because ablation catheters 
produce larger LVAs measurements than multielectrode catheters.19 
On the other hand, small LVAs might have been missed due to the 
limited resolution of voltage maps. Fourth, as this was a retrospective 
study, there were some differences in patient characteristics between 
the two groups, and mean left ventricular ejection fraction and left 
atrial diameter were normal. In addition, ablation strategy and patient 
followup methods were inconsistent among patients, and we performed 
only twelve-lead electrocardiogram and Holter electrocardiography to 
diagnose recurrence of AF. As a consequence, AF recurrence may have 
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Introduction
A 72-year-old man was hospitalized with NYHA Class IV 

congestive heart failure symptoms. In 1995, the patient had undergone 
cardiomyoplasty procedure for nonischemic cardiomyopathy and 
advanced systolic heart failure. Subsequently he was implanted with 
a cardiac Resynchronization Therapy-Defibrillator (Consulta CRT-
D,Model number D224TRK, Medtronic, Inc, Minneapolis, MN, 
USA). On admission, the telemetry recording and 12 lead ECG 
demonstrated intermittent high frequency noise as noted in Figures 
1 and 2. CRT-D Interrogation showed normal function and normal 
lead parameters. What is the likely cause of this noise noted on ECG 
and telemetry?

Discussion
Patient had sinus rhythm with complete heart block as underlying 

rhythm. The tracings demonstrate atrial and biventricular pacing. Each 
P wave (paced or intrinsic) is followed by a paced QRS. The ventricular 
pacing artifact triggers every other beat, a burst of high-frequency 
pulses (6 single impulses per burst for a duration of 185 ms) delivered 
to latissimus dorsi muscle. The noise noted reflects the distinctive 
programming mode of the cardiomyostimulator device (Medtronic 
device Model number 4710 Cardiomyostimulator, Medtronic, Inc, 
Minneapolis, MN, USA).

Since its clinical application in 1985,dynamic cardiomyoplasty 
has been performed in more than 2000 patients. The procedure 

involves wrapping around the heart the skeletal muscle-latissimus 
dorsi, with preserved neurovascular pedicle 1. Following a gradual 
conditioning process, the skeletal muscle is stimulated electronically 
in synchrony with cardiac systole to augment myocardial contraction. 
The cardiomyostimulator is usually programmed in a triggered mode 
in which ventricular electrogram is sensed. Usually the skeletal 
muscle is stimulated with every other heartbeat (1:2 mode) with 
full burst impulses. It has also been proposed that changing the 
cardiosynchronization regimen  to 1:4 after adequate conditioning 
of skeletal muscle improves hemodynamic results. Besides changing 
the cardiosynchronization rate to 1:8 or switching off at night would 
prolong the period of effective latissimus dorsi muscle performance .The 
beneficial effects of cardiomyoplasty on a failing heart are proposed to 
be due to: 1) a chronic elastic girdling effect of the stimulated muscle 
wrap hence stabilization of remodeling process of heart failure, and  2) 
Active systolic dynamic assistance  leading to reduced myocardial stress 
and improved myocardial energetics 2.

Between July 1985 und October 1996, worldwide nearly 647 patients 
enrolled in Cardiomyoplasty-Skeletal Muscle Assist Randomized Trial 
(C-SMART) have been reported to have received cardiomyoplasty 
with the Medtronic Cardiomyoplasty System3. Many of these 
patients are alive today. Due to the paucity of experience with this 
surgical procedure,  the ECG findings associated with this treatment 
modality for end stage cardiomyopathy can be perplexing to unfamiliar 
physicians.
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Abstract
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Figure 1: Telemetry monitor tracing showing the noise pattern associated
with cardiomyoplasty stimulator.

Figure 2: 12 lead electrocardiogram showing the noise pattern associated 
with cardiomyoplasty stimulator.

Figure 3:
Dynamic cardiomyoplasty using the left latissimus dorsi muscle 
flap transposed into the chest and fixed around both ventricles. 
Reproduced with permission from Chachques JC et al1.
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Introduction
Since development of laparoscopic sleeve gastrectomy in 1999, 

bariatric surgery (BS) for morbid obesity has become increasingly 
common due its minimally invasive nature in conjunction with 
demonstrated mortality benefit.1 The greatest weight loss occurs 
6-24 months postoperatively.2,3 Patients undergoing BS are prone
to develop symptomatic autonomic dysfunction with associated
orthostatic intolerance potentially causing syncope.4,5,6 We report a
case of bradycardia-mediated syncope without associated hypotension 
in a patient who had prior BS.

Case
A 61-year-old female with hyperlipidemia, fibromyalgia, morbid 

obesity status post gastric sleeve surgery 2 years prior, was seen for 
recurrent episodes of syncope over the past 2 months. Patient had 
significant weight loss (~170 lbs.) post-surgery over the 2-year period. 
She began noticing increasing fatigue and exercise intolerance in 
the four months before syncope initiation. Episodes occurred while 
sitting and while standing but most occurred without prodrome.

Baseline ECG showed sinus bradycardia at 41 bpm (Figure 1) 
with no other abnormalities. Thyroid function was normal. Other 
laboratory values were within normal limits.  The echocardiogram 
was normal. During hospitalization, multiple syncopal episodes were 
witnessed while she tried to sit up or lift her head 30-60 degrees 
from a recumbent position.  This was reproducible. Her baseline heart 

rate (HR) with telemetry monitoring was 36-42 bpm and her blood 
pressures were in the normalrange (e.g., 126/78 mm Hg). 

During witnessed syncopal episodes, the HR remained unchanged 
(35-40 bpm) with no asystolic pauses.  Her eyes were closed. The 
systolic blood pressure also remained unchanged (120-140 mm Hg). 
Symptoms were so severe and was only relieved by either lying flat on 
the bed without a pillow or placing bed in a Trendelenburg position.  

Psychogenic psuedosyncope was suspected given the unusual 
presentation.  There was no history of psychological problems noted 
otherwise. However, video electroencephalogram showed loss of 
brain electrical activity during the syncopal episode (Figure 2). No 
seizure activity was noted. No other cause for syncope was noted 
despite extensive investigation 

Review of prior ECGs during the peri-procedural period following 
bariatric surgery in 2017 showed a baseline HR ranging between 75-
90 bpm (Figure 3). Progressive decline in baseline HR since BS as 
well as baseline bradycardia raised concern for weight loss related 
dysautonomia and was suspected as a potential cause for syncope. 

She underwent a dual chamber permanent pacemaker 
implantationprogrammed MVP-R (AAIR>>DDDR) at 60-130 
bpm along with rate drop response. Dramatic improvement was 
noted in her symptoms. She was discharged the following day as 
she was able to stand up and walk with no dizziness or orthostatic 
intolerance. Over a 7-month follow-up, she has not had any further 
recurrence of syncope and remains atrially paced.

Discussion
Bariatric surgery has been increasingly used for patients with 

morbid obesity, and has been associated with improved outcomes.1 
Studies have shown changes in autonomic indices following BS, 
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specifically an increase in vagal tone and relative vagal efferent 
flow after gastric bypass surgery.4,5 Studies on heart rate variability 
parameters following BS show that autonomic indices overall tend 
to change toward a parasympathetic predominance.5,6 Multiple 
studies have reported on orthostatic intolerance6 and associated 
symptoms following BS but little information is available regarding 
other mechanisms causing syncope. Moreover, exact mechanisms 
underlying autonomic dysfunction in these patients remain unclear. 
Whether the increased vagal tone is secondary to weight loss or 
another mechanism remains to be elucidated.6 Nerve redistribution 
during gastric bypass surgery as well as the impact of BS on various 
gut hormones such as insulin, leptin, ghrelin, gastrin, GLP-1, CCK 
has been proposed as potential mechanisms increasing vagal tone. 
7 Multiple mechanisms thus may be in play which can alter the 
intricate autonomic balance following BS and create dysfunction. 

We report, for the first time to our knowledge, a post-bariatric 
surgery patient who had progressive weight loss resulting in 
progressive decline in baseline HR leading to recurrent, debilitating 
syncope without any long pauses/asystole or vasodepression. It 
appears that there was a relative ‘HR deficit’ where baseline HR 
fell below a critical threshold for adequate cerebral perfusion with 
any postural changes despite a blood pressure that remained within 
the normal range, both during recumbent position as well as with 
postural changes. Pacemaker implantation completely resolved 
symptoms by increasing baseline HR and restoring adequate 
cerebral perfusion. Further studies are needed to better understand 

mechanistic underpinnings behind progressive bradycardia without 
vasodepression following BS.

Conclusion
We describe a unique case in which BS was associated with 

marked resting sinus bradycardia causing debilitating symptoms. 
This ‘HR deficit’ and resting bradycardia, likely due to dysautonomia, 
resulted in recurrent syncope without asystole or vasodepression, and 
completely resolved with permanent pacemaker implantation.
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Figure 3: ECG obtained during peri-procedural period following bariatric
surgery 2 years ago showing sinus rhythm at 72 bpm

Figure 1: Baseline ECG at presentation showing sinus bradycardia at 41
bpm with normal QTc

Figure 2: Video electroencephalogram showing loss of electrocerebral
activity during the syncopal episode (red arrows).
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Introduction
Persistent left superior vena cava (PLSVC) is a congenital venous 

developmental abnormality of the sinus venosus with an incidence of 
0.47% in patients undergoing cardiac implantable electronic devices. 
The two variants include a double superior vena cava (right and left SVC, 
with or without an innominate vein connecting the two) or a single left 
sided SVC (without a rightSVC).1 Implantation of cardiac implantable 
electronic devices (CIED), especially cardiac resynchronization therapy 
(CRT), may be challenging in the presence of PLSVC.2The authors 
present two cases in which CRT was successfully implanted with 
PLSVC. The authors also provide a systematic approach that can be 
adopted during implantation of CIED in patients with PLSVC. 

Case Examples
Case 1: The patient is a 59-year-old female with a history of atrial 

fibrillation status post atrioventricular node ablation, Tetralogy of 
Fallot status post repair and pulmonary valve replacement, ventricular 
tachycardia with implantable cardioverter-defibrillator (ICD), and 
heart failure (HF) with reduced ejection fraction (EF). She presented 
with decompensated heart failure with an EF of 35-40% in the setting 
of chronic right ventricular (RV) pacing. Given this finding, addition 
of left ventricular (LV) lead to provide CRT was recommended.3Left 
arm venogram demonstrated the PLSVC with a lateral branch off 
the coronary sinus (CS) (Figure1A).A selective venogram using the 
Worley™ lateral vein introducer (Merit Medical, Jordan UT, USA) 
demonstrated a small lateral tributary(Figure 1B). A “buddy wire” 
technique was employed using the AcuityTMWhisper wire (Boston 
Scientific, Marborough, MA, USA) and an Attain™ hybrid guide wire 

(Medtronic, Minneapolis, MN, USA) in order to gain adequate wire 
stability into the target vein (Figure 2). A quadripolar LV lead was 
successfully advanced to this branch with adequate lead parameters. 
(Figure 3)

Case 2: The patient is a 71-year-old female with a history of 
rheumatic mitral valve disease with mitral valve repair, ventricular septal 
defect repair, and complete heart block implanted with a dual-chamber 
pacemaker. Reportedly, she had a right-sided pacemaker implanted due 
to “vascular issues” during a prior left-sided attempt. She presented 
with decompensated HF, and transthoracic echo (TTE) demonstrated 
left ventricular EF of 40-45% in setting of chronic RV pacing. LV 
lead placement to her current pacing system was recommended given 
her chronic RV pacing, HF and the clinical benefits of CRT in this 
patient population.3 Her chronically implanted 31-year-old unipolar 
RV lead was abandoned and replaced by a new RV without difficulty. 
CS venogram revealed a markedly enlarged PLSVC (Figure 4A). The 
only suitable target for LV lead placement was an anterolateral branch 
best seen in the left anterior oblique (LAO) view (Figure 4B).Given 
the large caliber size of this side-branch within a persistent L-SVC, a 
Boston Scientific Acuity™ spiral quadripolar LV lead was selected as 
this was felt to impart the greatest probability of lead stability. Pacing 
from this location yielded a QRS complex of inferior axis with negative 
Rwave in leads I and aVL. Final fluoroscopy revelaed adequate lead 
positioning and pacing parameters(Figure 5). 

Strategies for Device Implantation in Patients With PLSPV
PLSPV is an uncommon anomaly. Typically, the implanting 

physician encounters the abnormality incidentally during the procedure 
while attempting to advance the leads into cardiac chambers. Often, left 
pre-pectoral pocket is already made when this anomaly is identified. 
It is often not desirable to abandon the left side at this point. The 
following strategies can be helpful during lead implantation in the 
presence of PLSPV.
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Right ventricular lead:The authors recommend using a long lead. 
It should be attempted to have the RV lead prolapse and form a big 
loop in the right atrium prior to entry into the right ventricle. As 
demonstrated in first case, RV lead has a large loop in the right atrium. 

Right atrial lead: Right atrial lead is often easy to deploy in the 
presence of PLSPV. After exiting the ostium of CS, the RA lead is 
directed towards the latera wall of the atrium. At this point a stylet it 
with a tighter Curve should be used to direct the lead towards the RA 
appendage. Implantation of lead into lateral wall is associated with a 
higher rate of dislodgment and often cardiac perforation.

Coronary sinus lead: Implantation of  LV lead is the most challenging 
part during implantation of devices in patients with PLSPV. Cardiac 
venous system is not developed in the usual fashion in presence of 

PLSPV. Typically, there are no cardiac veins entering into the main 
body of CS. Often, lateral branches entering into great cardiac vein are 
selected as target location. Cannulation of smaller branches requires 
small catheters with acute bend. After the vein is cannulated with 
smaller caliber inner sheath or vein selectors, it is easier to advance the 
lead over the wire. As demonstrated in the first case, a second wire can 
be used to provide stability. 

Discussion
Our cases highlight the challenges associated with implantation 

of an LV lead in patients with PLSVC. We demonstrated successful 
implantation from both a right and left-sided approach. In case 1 the 
important factors increasing the complexity of lead placement from the 
left side included the tendency for the RV lead to be deflected away 
from the tricuspid annulus, torrential CS blood flow, acute angulation at 
the point where the PLSVC joins the CS and other anomalies making 
lead placement extremely difficult. In case 2 the major difficulty was 
maintaining stability within the CS given the vigorous blood flow from 
the PLSVC into the CS.4-6 In both cases we were able to overcome 
these difficulties with equipment that is routinely used in our EP lab. 
The presence of PLSVC can be inferred from the presence of dilated 
CS on TTE, which is typically done prior to CIED implantation. If 
this is found and suspected the presence of a PLSVC cardiac imaging 
(CT/MRI/3-D echo) can be used to understand superior venous 
anatomy. This may assist the operator in selecting the most appropriate 
approach and the necessary tools (stylets, leads, cannulation catheters 
and guidewires) for CIED implantation, possibly increasing the chance 
of success. 

Conclusion
Superior venous anomalies such as PLSVC can make CIED 

implantation technically challenging. However, with increasing 

Figure 
1A-B:

1A-B: (A) Anteroposterior (AP) fluoroscopic projection of left-
sided venogram with current ICD in place. (1B)AP fluoroscopic 
projection of selective venogram using Worley™ lateral vein 
introducer

L-SVC=Left superior vena cava; RA=Right atrial; RV=Right ventricle.

Figure 2: AP fluoroscopic projection of “buddy wire” technique with 
Acuity™ Whisper wire and Attain™ hybrid guide wire

RA=Right atrial; RV=Right ventricle.
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operator experience, cardiac imaging and appropriate tools successful 
CIED implantation is possible in almost all cases.
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Figure 3: Final projection of implanted CRT-D with adequate positioning of
LV lead.

RA=Right atrial; RV=Right ventricle; LV=Left ventricle

Figure 
4A-B:

Fluoroscopy in the left anterior oblique (LAO) projection depicting 
coronary sinus venogram revealing the left superior vena cava 
(L-SVC) and an anterolateral side-branch

RA=Right atrial; RV=Right ventricle; LV=Left ventricle
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Figure 5: Final position after deployment of LV lead

RA=Right atrial; RV=Right ventricle; LV=Left ventricle.
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To The Editor
We read with great interest the recent article by Dunleavy et al. 1 

describing the prevalence of coronary artery calcification (CAC) on 
pre-ablation computed tomography (CT) of the pulmonary veins 
(CTPV) in patients with atrial fibrillation (AF) in Ohio.Specifically, 
pre-ablation CT is performed as a non-gated high-pitch helical 
CT-scan with contrast timed for optimal pulmonary vein and left 
atrial opacification, followed by a 40-second delayed scan to more 
thoroughly evaluate the left atrial appendage for thrombus. However, 
the performance of pre-ablation CT-scans also offers in many patients 
an opportunity to identify subclinical coronary artery disease (CAD) 
and refine the intensity of preventive therapies. Thus, the frequency 
of CAC reporting on CTPV imaging, and its impact on statin 
prescriptions at time of hospital discharge was also investigated. The 
authors demonstrated that even though CAC is highly-prevalent in 
AF patients and is consistently reported on pre-ablation CTPV, its 
presence was not associated with increases in statin prescribing in 
eligible patients. Importantly, 34% of the studied cohort had known 
clinical CAD, a group in whom the presence and severity of CAC 
would not typically result in a change in management. 

We recently reviewed 200 consecutive patients undergoing AF 
ablation at our academic tertiary care centerfrom July 2017 through 
June 2018. Our cohort was comprised of mostly men(62%) with mean 
age 65 ± 11 years. Prevalence of clinical CAD was 22.5%. Of the 200 
patients, 180 (90%) had CTPV prior to ablation, with 116 patients 
(64%) found to have CAC. Of the 116 patients with CAC on CTPV, 
30 (26%) had clinical CAD. Conversely, of the 45 total patients with 
clinical CAD, 30 (67%) had CAC. The presence of CAC was noted 
in the conclusions section of only 38 (33%) of CAC-positive CTPV 
reports.

In total, there were 54 patients (29%) with CAC on pre-procedure 
CTPV not on baseline statin therapy, and only 6 (11.1%) were newly-
prescribed a statin at time of hospital discharge. All six patients remained 
on statin therapy for at least one year following their discharge. This 
represents a missed opportunity to mitigate cardiovascular risk in 
roughly 89% of patients with CAC.

Our results from Virginia support the important work of the 
authors, and highlight a consistently-missed opportunity to optimize 
CAD management in patients with AF. First, current prevention 
guidelines endorse the use of CAC for guiding decision-making in 
many intermediate-risk patients2. A recent expert consensus statement 
from the Society of Cardiovascular Computed Tomography and 
Society of Thoracic Radiology advocates for standardized reporting 
of the presence and severity of CAC as visualized on non-gated 
chest CT scans performed for other clinical reasons (e.g. not for 
dedicated CAC scoring)3. Providers should utilize pre-ablation CT 
scans not only for procedural planning, but as an opportunity to refine 
patient cardiovascular risk and to better inform patients regarding 
the utilization and intensity of preventative therapies and lifestyle-
coaching. Unfortunately, there remains significant heterogeneity in 
reporting of non-gated chest CT scans done for a variety of clinical 
indications. 

Our observations support the conclusion by Dunleavy et al. and that 
institutions should consider initiating quality improvement protocols 
for optimal guideline-directed reporting and management. Going 
forward, we propose utilization of standardized measures of reporting 
CAC severity, number of coronary vessels involved, specific attention 
to left main CAC (a unique high-risk phenotype), and validated semi-
automated measures of CAC severity in non-gated scans. This could 
modify the natural history of cardiovascular disease in this population.
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To the Editor
We are honored by the interest in our recent work by Harmone et. al. 

We appreciate their interest in replicating out study. It is encouraging 
to see that others in cardiology are interested in assessing coronary 
calcification on CTPV, its reporting, and its impact on statin therapy. 

Although the sample size in the study by Harmone et al is much 
smaller than ours, we agree with the authors that their findings are 
highly consistent with our study. First, the prevalence of coronary artery 
calcification (CAC) on pre atrial fibrillation (AF) ablation computed 
tomography pulmonary venogram (CTPV) is high in both studies 
(64% in Harmone et al vs 70% in ours). Second, both studies shows 
that there was a very minimal change in statin therapy at the time of 
hospital discharge. 

We find their lower rate of CAC reporting interesting, yet not 
surprising. Our study showed a much higher rate of CAC reporting 
92.3% vs 33%. While there is a clear guideline requiring the reporting 
of CAC in non-contrast chest CT(1), there is no clear consensus about 
reporting CAC on contrasted chest CT scan.  We were pleasantly 
surprised by our high CAC reporting rate in our lab and we attributed 
that to the fact that all CTPV scans are read by cardiologist who are 
well versed in the clinical implications of coronary calcification. 

In conclusion, both studies show that CAC is highly prevalent in 
AF patients even in those with no history of clinical atherosclerotic 
disease. The variable reporting rates of CAC on CTPV reports shows 
the large difference in CAC reporting practice between institutions 
and highlight the need for radiological and cardiology societies to 
come up with a consensus document or guidelines (similar to the one 
for the non-contrast chest CT) to clarify when and how CAC should 
be reported on contrast-enhanced Chest CT scans. At the same time, 
quality improvement studies are needed to show that reporting CAC 
score would hopefully lead to improve statin prescription to this high-
risk population and ultimately to improve patient outcomes. 

Sincerely, 
Michael P. Dunleavy, MD. Rush University Medical Center, 

Chicago, IL
Thura T. Harfi, MD, MPH . Ohio State University Wexner Medical 

Center, Columbus, OH
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