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Introduction
Two key limitations to atrial fibrillation (AF) ablation procedures 

are the need for redo procedures to achieve durable pulmonary 
vein isolation and the potentially fatal risk of collateral thermal 
damage to the esophagus.  Indeed, the 2017 AF ablation consensus 
statement reported an AF catheter ablation procedural redo rate of 
15 to 50% largely to correct this problem or pulmonary vein electrical 
reconnection1.

To help address the challenge of pulmonary vein reconnection, newer 

technologies such as contact force to deliver a more effective ablation 
lesion and more recently high-density mapping techniques have been 
proposed to eliminate any potential pulmonary vein isolation gaps or 
areas of dormant conduction1. While newer mapping techniques offer 
the promise of being able to see previously “concealed” pulmonary vein 
electrograms or residual conduction or voltage into the pulmonary 
veins, it is not known whether eliminating these “gaps” or areas of 
dormant conduction will improve procedural success or decrease the 
need for redo procedures. 

With regards to decreasing the risk of the potentially fatal 
complication of collateral thermal injury to the esophagus, the high 
power short duration approach to radiofrequency delivery has been 
proposed by our group as well as others2.  While there is no agreement 
on how high is high power or how short is short duration, our group 
has proposed a high power ultra-short duration (HPUSD) approach 
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Abstract
Background: High power ultra-short duration (HPUSD) ablation has been advocated to prevent esophageal injuries during atrial fibrillation 

(AF) ablation procedures. Prior research using the standard circular mapping catheter (CMC) has shown that ultra-short ablations may 
compromise lesion durability resulting in an increased need for redo procedures. The purpose of this study was to determine if HD mapping 
of concealed pulmonary vein (PV) connections could improve freedom from atrial fibrillation and redo procedures compared to CMC guided 
AF ablation. 

Methods: A total of 472 consecutive first time AF ablation procedure patients with at least one year of follow up were includedwith an 
average follow-up of 18 months.  HPUSD AF ablation consisted of 50 W for 2-3 seconds on the posterior wall and 5-15 seconds on the 
anterior wall of the left atrium. Acute pulmonary vein isolation (PVI) was defined as no concealed 1) PV signals, 2) activation into PVs, or 3) 
voltage into PVs with no intra-procedural waiting period utilizing the HD Grid catheter versus entrance/exit block with a 30-minute wait with 
the circular mapping catheter.  Freedom from atrial fibrillation and all atrial arrhythmias following a 90-day blanking period were assessed. 

Results: Acute pulmonary vein isolation was achieved in all 472 patients. HPUSD ablation using the HD Grid was associated with shorter 
procedure (70.2 vs 104.3 minutes, p<0.001) and fluoroscopy times (4.2 vs 15.0 minutes, p<0.001) when compared to CMC. The recurrence 
of any atrial arrhythmias at 1 year was 13% with HD Grid and 25% with CMC (p<0.001) with the need for redo procedures of 6% for HD Grid 
and 20% for CMC (p<0.001). No esophageal ulcerations/perforations were seen. No deaths, strokes, or TIAs were observed in either group. 

Conclusion: HPUSD AF Ablation, as guided by HD Grid mapping, may prevent esophageal injuries while at the same time improve freedom 
from any atrial arrhythmias and the need for redo procedures.  Procedure and fluoroscopy times were also significantly decreased when 
compared to traditional CMC mapping.
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to radiofrequency catheter ablation of AF3.  

The HPUSD approach offers the potential of a much safer and 
quicker ablation procedure; however, our reported tradeoff is a 
somewhat increased need for redo procedures to achieve durable 
pulmonary vein isolation.  The purpose therefore of this study was 
to evaluate whether newer HD mapping techniques to eliminate 
any potential pulmonary vein isolation gaps at the time of the index 
procedure, in conjunction with the UPUSD ablation technique, can 
offer an AF ablation procedure that a much more effective and safe 
procedure. 

Methods
A total of 472 consecutive first time AF ablation procedure patients 

with at least one year of follow up were included in this study.  The 
average follow-up was 18 months. Of these 472 consecutive AF 
ablation procedure patients, 402 underwent HPUSD AF ablation with 
pulmonary veins isolation as determined by a 10-pole circular mapping 
catheter (decapolar Spiral mapping catheter, Abbott Laboratories, 
Chicago, IL) and 70 underwent HPUSD of AF with pulmonary vein 
isolation as determined by the recently released HD Grid mapping 
catheter (Abbott Laboratories, Chicago, IL).  Figure 1 shows a side-
by-side comparison of the right upper pulmonary vein using both the 
HD Grid and CMC.  On the left concealed pulmonary vein potentials 
and voltage into the vein are clearly seen whereas they are absent using 
the traditional CMC.  

There were no significant differences in ablation catheter technology 
and the HPUSD ablation approach was the same in both groups.  The 
only significant difference between the two groups was acute pulmonary 
vein isolation (PVI) being determined by the generally accepted circular 
mapping catheter (entrance/exit block with 30-minute wait time) 
versus the new acute PVI criteria using HD Grid mapping catheter.  
The two groups were then compared with regards to freedom from all 
atrial arrhythmias and the need for redo procedures. 

Outcomes Determination
The outcomes evaluated included recurrent atrial fibrillation 

and/or atrial flutter. The recurrence of either arrhythmia was 
determined through the electrocardiography database that includes 
electrocardiograms, ambulatory monitoring reports, and symptom 
and auto-triggered event monitor reports from all Intermountain 

Healthcare facilities as well as outside facilities. In general, follow-up 
ambulatory monitoring was performed at 3-month intervals post-
ablation up to the first year and then with symptomatic recurrence 
thereafter, although the frequency of this monitoringwas determined by 
the electrophysiologist performing post-ablation care. Discontinuing 
anti-arrhythmic drug therapy was advocated 3 months post-ablation. 
Long-term use was variable and dependent on recurrent symptoms 
of arrhythmia and varied by provider preferences. Other end points 
included stroke, heart failure hospitalization, and death. These 
were investigated through interrogation of the electronic medical 
records, and for death, the Social Security Death Index. Endoscopy 
was performed for all patients reporting gastrointestinal symptoms 
potentially indicative of an esophageal injury in the first month 
following ablation.

High Power Ultra-Short Ablation Technique
All ablation procedures were performed by operators with 1000 

ablation experiences. All cases were done with manual catheter 
manipulation. High power ablation was delivered at 50 W using an 
irrigated tip catheter with a goal of frequent to continuous catheter 
movement for an ablation time of 2–3 seconds at each site on the 
posterior wall and 50 W for 5–15 seconds on the anterior wall in both 
groups.  Each ablation site was then marked on a 3-dimensional map. 
Isolated single spot ablation procedures were delivered in both groups 
only if there was a delineable gap, and in this approach a point-by-point 
approach was not used as an upfront strategy. Normal saline was infused 
at a rate of 30 mL/min according to manufacturer’s recommendations 
(Abbott Laboratories, Chicago, IL) for the catheter tip technology used. 
Catheter movement on the posterior wall was guided primarily by dwell 
time, but on the anterior walls by attenuation of local electrograms and 
dwell time. All sites were retargeted in a focused manner with similar 
dwell times until pulmonary vein isolation was achieved in both groups.

Determination of Pulmonary Vein Isolation
Acute pulmonary vein isolation (PVI) was determined by entrance 

and exit block as well as a 30-minute wait time for the 402 patients 
included in the circular mapping catheter group.  Use of adenosine or 
the pace/capture technique to evaluate for dormant conduction was 
performed at the discretion of the operator.

However, for the 70 patients included in the HD Grid mapping 

Figure 1: Image showing the difference between HD grid pulmonary vein
mapping versus the circular mapping catheter.

Table 1: Demographic and baseline variables of HD grip and CMC group. 
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In figure 2, the 12-month antiarrhythmic-free freedom from any 
atrial arrhythmias is shown. A statistically significant 87% success rate 
was achieved for the HD Grid mapping group when compared to the 
75% traditional mapping with the circular mapping catheter.  In figure 
3, the 12-month need for a redo atrial fibrillation procedure is displayed.  
The redo procedure rate for the HD Grid group was 6% versus the 20% 
redo rate for the traditional circular mapping catheter group.  

Discussion
This study shows that HD mapping with the HD Grid mapping 

catheter at the time of the index atrial fibrillation ablation case may 
significantly increase the single procedure success rate while at the 
same time reducing the need for a redo procedure and avoiding any 
esophageal injury, including even superficial esophageal ulcerations.  In 
addition, HD mapping may also offer more efficient pulmonary vein 
isolation with less reliance on fluoroscopy.

As pulmonary vein isolation is the cornerstone to atrial fibrillation 
ablation procedures, durable PVI has been shown to be the key factor 
to improving freedom from any atrial arrhythmia4.  To improve the 
durability of PVI, many techniques have been proposed such as 
using adenosine or a pace/capture technique to evaluate for dormant 
conduction or the use of a contact force sensing ablation catheter to 
ensure a durable lesion that eliminates any possible residual dormant 
conduction.  More recent studies have suggested that HD mapping 
may also play a role in detecting incompletely ablated future PVI gaps 
(areas of dormant conduction) at the time of the index ablation 5.  

In this study we used an ultra-short ablation technique of just 
2-3 seconds when ablating on the posterior wall of the left atrium 
as compared to the 5-10 second lesions typically employed with the 
high power short duration technique.  In contrast, our lesions are 5-15 
seconds, depending on contact force, when ablating on the anterior wall 
of the left atrium. This ultra-short ablation protocol when ablating on 
the posterior wall of the left atrium is an approach that has evolved 
over the 16 plus years we have used this technique.  Initially, we ablated 
for 2-5 seconds at each posterior wall location, however, that was later 
decreased to 2-3 seconds after we experienced a single esophageal 
mucosal ulcer in 2010.

While ultra-short ablations on the left atrial posterior wall have 

group (Abbott Laboratories, Chicago, IL), PVI was defined as no 
concealed 1) PV signals, 2) activation into pulmonary veins, or 3) 
voltage into pulmonary veins.  There was no intra-procedural waiting 
period required for the HD Grid mapping group.  

Statistical Analysis
The Student t test and the c2 statistic were used to evaluate baseline 

and clinical characteristics by using the ablation approach. Continuous 
variables were described as mean, SD and discrete variables as frequency 
(percentage). Frequency of 1- and 3-year incidences of AF, AFL, 
heart failure hospitalization, stroke, and death were determined and 
compared using the c2 statistic. The Kaplan-Meier survival estimate 
and the log-rank test for survival were used to evaluatethe initial 
associations of the ablation strategy with the end points. Multivariate 
Cox proportional hazards regression (SPSS version 22.0, IBM 
Corporation, Armonk, NY) wasperformed to determine the risk of 
stroke, heart failure hospitalization, and death by group. Final models 
retained only significant (P 0.05) and confounding (10% change in 
hazardratio [HR]) co-variables. Two-tailed P values of 0.05 were 
designated to be nominally significant.

Results
The baseline demographic characteristics are listed in Table 1.  While 

the HD mapping group was somewhat younger than the circular 
mapping group (63.2 ± 13.2 vs 67.1 ±10.5 years old), the HD mapping 
group was more likely to have diabetes, hyperlipidemia, tobacco use, 
renal failure, and coronary artery disease. 

In both groups, all pulmonary veins were acutely isolated. Table 2 
shows that three-dimensionalmapping points were predictably much 
higher in the HD Grid mapping group when compared to traditional 
mapping with the circular mapping catheter (20,012 vs 2,818, p<0.001).  
Notably, procedure times were approximately 30 minutes shorter in 
the HD Grid mapping group likely due to elimination of a 30-minute 
wait time to confirm pulmonary vein isolation (70.2 vs 104.3 minutes, 
p>0.001). Likewise, fluoroscopy times were also markedly reduced 
with the HD Grid likely due to ease of manipulation with the catheter 
when compared to the traditional circular mapping catheter (4.2 vs 15.0 
minutes, p<0.001). In both groups there were no deaths, esophageal 
perforations/fistulas, or strokes.  

Figure 2:
Kaplan Meiyer curves showing higher 1 year survival rate of HD 
mapping group (87%) as compared to CMC group (75%). (P value 
< 0.001)

Table 2: Procedural variables of HD grid and CMC groups
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allowed us to completely avoid any esophageal injury, including 
superficial mucosal ulcerations, in thousands of ablation cases and 
without the need for esophageal temperature monitoring, the clear 
drawback of limiting lesions to just 2-3 seconds (50 W with goal 
contact force of 5-10 g) on posterior wall is that incomplete lesions with 
residual dormant conduction may occur.  The advantage of using the 
HD Grid in this study is that HD mapping allowed us to see these areas 
of dormant conduction thereby improving success rates and decreasing 
redo procedure rates while not having to sacrifice the esophageal safety 
benefit our ultra-short ablation approach on the posterior wall.

While it has long been known that the traditional circular mapping 
catheter cannot adequately assess for residual dormant conduction at the 
time of the index ablation procedure, with the advent of HD mapping 
catheters there is much excitement that these new technologies may 
overcome the shortcomings of traditional mapping for PVI gaps.
Indeed, our current study suggests that through elimination of 1) all 
pulmonary vein electrograms, 2) all activation into the pulmonary 
veins, and 3) all antral voltage less than 0.5 mV as per mapping in 
sinus rhythm with the HD Grid catheter that dormant conduction 
can be extinguished during the index procedure thereby significantly 
improving 12-month success rates as well as reducing the need for 
redo procedures.  

Conclusion
HPUSD AF Ablation, as guided by HD Grid mapping, may 

significantly improve freedom from any atrial arrhythmias and the need 
for redo procedures as well provide operators utilizing this technique 
reassurance that any potential esophageal injury is likely extremely low.  
In addition, HPUSD AF ablation, as guided by HD Grid mapping, 
may allow for a marked shortening of procedure and fluoroscopy times 
when compared to the traditional circular mapping catheter.
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Figure 3:
Kaplan Meiyer curves showing lower 1 year redo procedure rate 
of HD mapping group (6%) as compared to CMC group (20%). (P 
value < 0.001)
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Introduction
Patients with ischemic cardiomyopathy who survive a spontaneous 

episode of ventricular arrhythmias are at an increased risk for 
recurrent ventricular tachycardia (VT) or ventricular fibrillation (VF).  
Implantable cardioverter-defibrillators (ICDs) reduce the risk of sudden 
cardiac death (SCD) in these patients and have, therefore, become 
the standard of care in the management of ventricular arrhythmias 
1. However, patients who experience ICD shocks have a decreased

quality of life and increased mortality compared to patients who do 
not receive shocks, even if the shocks are considered inappropriate 2,3.  
Additionally, ICDs do not provide absolute protection from SCD in 
about 3-7 % of patients 4.  Thus, modalities that can effectively reduce 
recurrent ventricular arrhythmias and ICD therapies (both shocks and 
anti-tachycardia pacing) are of great importance.  Drug treatment, 
especially amiodarone in combination with beta-blockers reduces ICD 
interventions, but are associated with serious adverse events on long-
term treatment 5.  Catheter ablation for VT in the past was infrequently 
used because VT episodes were often hemodynamically unstable, 
rendering the mapping of clinical VT difficult 6.  Recent advances in 
mapping and ablation strategies have enabled electrophysiologists to 
perform both activation mapping/ablation during VT and substrate 
mapping/ablation during sinus rhythm targeting late/fractionated 
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Abstract
Aims: Catheter ablation is an effective strategy for drug-refractory ventricular tachycardia (VT) in ischemic cardiomyopathy. We aimed 

to perform a systematic review and meta-analysis of outcomes of prophylactic catheter ablation (PCA) of Ventricular Tachycardia (VT) in 
ischemic cardiomyopathy patients

Methods We performed a comprehensive literature search through February 10, 2020, for all eligible randomized controlled trials that 
compared “PCA” versus “No PCA” for VT.  Primary efficacy outcomes included - appropriate ICD therapy (composite of anti-tachycardia pacing 
and ICD shock), appropriate ICD shocks, electrical storm, cardiac mortality, and all-cause mortality.  The primary safety outcome was any 
adverse events.  

Results. Four randomized controlled trials (N = 505) met inclusion criteria. Prophylactic catheter ablation was associated significant 
reduction in appropriate ICD therapies (RR 0.70; 95% CI 0.55 - 0.89, p = 0.004), appropriate ICD shocks (RR 0.57 95% CI 0.40 - 0.80, p 
= 0.001) with a trend towards reduced risk of electrical storm (RR 0.64; CI 0.39 - 1.05; p = 0.075) compared to “No PCA”.  There was no 
significant difference in cardiac mortality (RR 0.66, 95% CI 0.31 – 1.43, p = 0.29) and all-cause mortality (RR 0.98, 95% CI 0.52 – 1.82, p = 
0.94) with similar adverse events (RR 1.46, 95% CI 0.73 – 2.95, p = 0.29) between two groups. 

Conclusion. Prophylactic catheter ablation in ischemic cardiomyopathy patients was associated with a lower risk of ICD therapies, including 
ICD shocks and VT storm with no difference in cardiac and all-cause mortality. 
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potentials, thereby resulting in higher acute procedure success and 
long-term clinical outcomes.  Several trials have also demonstrated that 
catheter ablation of scar related VT significantly reduces ICD therapies, 
including shocks and overall VT burden 7-10.  Despite encouraging data 
from randomized controlled trials, the optimal timing of catheter 
ablation for VT remains unclear.  The current guidelines recommend 
referral for catheter ablation in patients who failed antiarrhythmic 
treatment 11.  Prophylactic catheter ablation (“PCA”) has also been 
evaluated as an adjunct treatment option in patients eligible for 
ICD implantation (with documented life threatening ventricular 
arrhythmias), with conflicting results 12-15.  Given the lack of data, we 
aimed to perform a systematic review and meta-analysis of outcomes 
of prophylactic catheter ablation for VT in ischemic cardiomyopathy 
patients.  

Methods 
Search strategy 

The reporting of this systematic review and meta-analysis complies 
with PRISMA (Preferred Reporting Items for Systematic Reviews and 
Meta-Analysis) guidelines 16 (Supplement Table 1).

The initial search strategy was developed by two authors (K.S. 
and M.T).  We performed a systematic search, without language 
restriction, using PubMed, EMBASE, SCOPUS, Google Scholar, and 
ClinicalTrials.gov from inception to February 10th, 2020, for studies 
comparing clinical outcomes between “PCA” versus “No PCA”—only 
in eligible patients with VT and ischemic cardiomyopathy. We used 
the following keywords and medical subject heading: “ventricular 
tachycardia,” “ventricular fibrillation,” “catheter ablation,” “implantable 
cardioverter-defibrillator.”

Study selection and data extraction 
Only randomized controlled trials that compared “PCA” versus “No 

PCA” were included in the analysis.  The data from included studies 
were extracted using a standardized protocol and a data extraction form.  
Any discrepancies between the two investigators were resolved with 
a consultation with the senior investigators (D.L and J.G).  Studies 
comparing prophylactic catheter ablation versus antiarrhythmic drugs, 
review articles, editorials were excluded from our analysis.  The following 
data were extracted: title, study date, sample size, comorbid conditions, 
ejection fraction, mapping and ablation technique, antiarrhythmic 
drugs, ICD type (single, dual, or cardiac resynchronization therapy), 
medications, clinical outcomes, and complications.  The Cochrane – 
Risk bias assessment tool was used to appraise the quality of included 
studies (Supplement Table 2). 

Clinical outcomes 
The primary efficacy outcome of our study was – (1) appropriate 

ICD therapy (composite of anti-tachycardia pacing and ICD shock); 
(2) appropriate ICD shocks; (3) electrical storm, (4) cardiac mortality
and (5) all-cause mortality.  The definition of the electrical storm was
similar across all included trials except BERLIN VT15 (was not enlisted 
as clinical outcome).  The electrical storm was defined as three or more 
VT episodes in 24 hours.   Deaths secondary to cardiac causes were
included under cardiac mortality.  The primary safety outcome of our
study was any adverse events [acute procedural related adverse events

– composite of vascular complications, pericardial effusion (with and
without tamponade), heart failure exacerbation secondary to catheter
ablation, complete heart block, device and lead dysfunction (requiring 
replacement), lead dislodgement, stroke/transient ischemic attack, deep 
vein thrombosis, transient ST-segment elevation, or pneumothorax]. 

Statistical analyses 
The meta-analysis was performed using a meta-package for R version 

4.0 and Rstudio version 1.2.  Mantel-Haenszel risk ratio (RR) random-
effects model (DerSimonian and Laird method) was used to summarize 
data across the groups 17.  The heterogeneity of effects among the 
included studies was assessed by Higgins I-squared (I2) statistic18.  
A value of I2 of 0–25% represented insignificant heterogeneity, 26–
50% represented low heterogeneity, 51–75% represented moderate 
heterogeneity, and more than 75% represented high heterogeneity, as 
set forth by the Cochrane Collaboration.  Publication bias was visually 
assessed using funnel plots and Egger’s linear regression test of funnel 
plot asymmetry.  A two-tailed p < 0.05 was considered statistically 
significant for all analyses.

Results 
Search results 

A total of 974 citations were identified (Figure 1) during the initial 
search.  Nine hundred sixty-three records were excluded.  After a 
detailed evaluation of these studies, four randomized clinical trial 
studies ultimately met the inclusion criteria (N=505 patients) 12-15.  The 
follow-up duration for the studies ranged from 396 days to 40 months.  
Table 1 summarizes the study characteristics of the included trials.

Study characteristics 
This meta-analysis of 4 randomized trials includes a total of 505 

patients comparing “PCA” (N = 246) versus “No PCA” approach (N = 
259).  The mean age of the patients included in the trials ranged from 
64.4 (±8.2) – 68.4 (±7.7) years.  The mean (SD) follow-up duration 
ranged from 22.5 (5.5) to 27.6 (13.2) months.  The mean (%) left 
ventricular ejection fraction (LVEF) ranged from 30.4±7.3 to 41±6%. 

Mapping and ablation techniques varied between the trials – 
most commonly done using the CARTO electroanatomic system 
(Biosense Webster, Inc, Diamond Bar, CA).  Bipolar electrogram 
voltage amplitude >1.5 mV was considered as normal myocardium, 
while <1.5 mV was considered border zone/scarred myocardium.  

Figure 1: Flow Diagram illustrating the systematic search of studies
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Fractionated and late potentials were identified and tagged along the 
scar border zone (characterized by multiple high frequency continuous 
delayed components separated from higher amplitude local ventricular 
electrograms and recorded within or at the end of QRS complex, 
respectively.  Substrate-based approach ± entrainment mapping ± 
pace mapping was performed in SMASH-VT12, VTACH13, and SMS14 
study, while only substrate-based approach was performed in BERLIN-
VT trial15.  Non-inducibility of  VT with programmed stimulation was 
the endpoint in all studies. 

Ablation was performed before ICD implantation in all patients 
in BERLIN-VT, 92% in VTACH, 88.9% in SMS, and 13% in the 
SMASH-VT trial.  None of the patients in SMASH-VT received 
antiarrhythmic medications (until any ICD event).  This is in contrast 
to the VTACH trial, where 35% of patients were on amiodarone, 32% 
in SMS trial, and 33% in the BERLIN VT study. 

Figure 2a 
and 2b:

Efficacy Outcomes: Appropriate ICD therapy (anti-tachycardia 
pacing plus shock).  The Forest plot shows the outcomes of 
the individual trials as well as the aggregate.  Point estimates 
to the left favor prophylactic catheter ablation.  The Funnel plot 
demonstrates no publication bias.

Figure 3a 
and 3b:

Efficacy Outcomes: Appropriate ICD shock.  The Forest plot shows 
the outcomes of the individual trials as well as the aggregate.  
Point estimates to the left favor prophylactic catheter ablation.  
The Funnel plot demonstrates no publication bias. 
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antiarrhythmic toxicities), resulting in a worse prognosis.  Therefore, 
early referral for prophylactic VT ablation seemed reasonable.  In this 
systematic review and meta-analysis of 4 randomized controlled trials, 
we demonstrated that prophylactic VT ablation was associated with 
reduced likelihood of any ICD events and appropriate ICD shocks, 
with no significant effect on all-cause and cardiac mortality.  Studies 
like SMASH-VT, VTACH, SMS had their primary outcome focused 
on arrhythmia recurrence and were not statistically powered to look 
for the difference in all-cause mortality.  BERLIN VT, on the other 
hand, was the only trial that assessed hard clinical outcomes composite 
of all-cause mortality, hospitalization, and recurrent arrhythmia as 
their primary outcome of interest.  Although the findings in our study 
are in line with included RCTs, all four trials differed in several ways.  
VTACH study included patients with only documented stable VT with 
de novo ICD implantation; SMS included hemodynamically unstable 
ventricular arrhythmia or syncope with inducible unstable ventricular 
arrhythmias during electrophysiological study; SMASH VT included 
hemodynamically unstable ventricular arrhythmias or syncope with 
inducible ventricular tachycardia during invasive electrophysiological 
testing while BERLIN VT included patients with both stable and 
unstable ventricular arrhythmia.  Prior to enrollment, amiodarone 
was used in VTACH (35% of patients), SMS (32%), and BERLIN 
VT (33%) but not in SMASH VT.  Variation in ablation techniques 
and operator experience, antiarrhythmic use, and differences in ICD 
programming could have accounted for mild heterogeneity observed 
in our study (Table 1).  

Clinical outcomes
Efficacy outcomes 
Appropriate ICD therapy (anti-tachycardia pacing plus shock)
and ICD shock

The data for any ICD therapy or ICD shock was available in all four 
studies. There was a significant reduction in appropriate ICD therapy 
(32.1% vs. 47.1% respectively; RR 0.70; 95% CI 0.55 – 0.89, p = 0.004) 
in “PCA” versus “No PCA” approach.  No heterogeneity was observed 
(I2 =18%) (Figures 2a and 2b).  The number needed to prevent any 
appropriate ICD therapy was 7.  

Similarly, the “PCA” approach was associated with reduced risk of 
appropriate ICD shocks (16.66% vs. 30.11% respectively; RR 0.57 
95% CI 0.40 – 0.80, p=0.001) as compared to “No PCA” approach.  
No significant heterogeneity was observed (I2 = 8%).  No publication 
bias was observed for either outcome (Figures 3a and 3b).  The number 
needed to prevent appropriate ICD shock was 7.

Electrical Storm
The data on the electrical storm was not reported in the BERLIN 

VT study.  Prophylactic catheter ablation demonstrated trend towards 
reduced risk of electrical storm compared to “No PCA” approach 
(12.35% vs 20.45%; RR 0.64; CI 0.39 – 1.05; p = 0.08).  No significant 
heterogeneity was observed. (I2 =1%).  No publication bias was 
observed (Figures 4a and 4b).

All-cause mortality
The data for all-cause mortality was available in all four trials.  

Prophylactic catheter ablation was not associated with decreased 
all-cause mortality (RR 0.98, 95% CI 0.52 – 1.82, p = 0.94).  Mild 
heterogeneity was observed between trials (I2 =27%).  No publication 
bias was observed (Figures 5a and 5b).

Cardiac mortality 
The data for cardiac mortality was available in all four trials.  

Prophylactic catheter ablation was not associated with decreased cardiac 
mortality (RR 0.66, 95% CI 0.31 – 1.43, p = 0.29).  No significant 
heterogeneity was observed between trials (I2 =0%).  No publication 
bias was observed (Figures 6a and 6b).

Safety outcome
Adverse events 

The adverse event rates were reported in all clinical trials (Table 2).  
The overall rate of adverse effects was similar in the “PCA” and “No 
PCA” group (13.41% versus 8.88%, respectively; RR 1.46, 95% CI 
0.73 – 2.95, p=0.29].  Mild heterogeneity was observed (I2 =37%).  No 
publication bias was observed (Figures 7a and 7b).

Discussion
Ventricular arrhythmias account for approximately 5.6% of total 

mortality in the United States.  Slow and anisotropic conduction via 
the surviving myocardial fibrils in and around the dense scar (from prior 
myocardial infarction) accounts for reentrant circuits for ventricular 
arrhythmias19.  Also, patients with existing ICD are often referred 
for VT ablation at later stages (following multiple ICD shocks and 

Figure 4a 
and 4b:

Efficacy Outcomes: Electrical storm.  The Forest plot shows the 
outcomes of the individual trials as well as the aggregate.  Point 
estimates to the left favor prophylactic catheter ablation.  The 
Funnel plot demonstrates no publication bias.  
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ICD therapies and all-cause mortality30,31.  Needless to say, the 
epicardial mapping and ablation approach was not performed in any of 
the studies.  Also, approximately 10-40% of ischemic cardiomyopathy 
patients experience VT storm and are at increased mortality risk32,33.  
With the exception of the SMASH-VT trial, no significant difference 
was observed for VT storm between two groups.  One of the possible 
explanations includes extensive substrate modification of the scar and 
scar border zone accounting for the reduced burden of ventricular 
arrhythmias.  

As expected with any invasive procedure, the “PCA” group was 
associated with numerically high complication rates than the “No 
PCA” group; however, it failed to reach statistical significance (Table 
2).  The improvement in the quality of life was not significantly 
different between the two groups in SMS, which is in contrast to the 
BERLIN-VT trial, where the quality of life score improved in the 
“PCA” group.  This could be secondary to medication compliance and 
decline in ventricular arrhythmias and ICD therapies, thereby reducing 
emergency room/physician visits, and subsequent hospitalizations.  This 
could theoretically translate into an overall reduction in healthcare cost 
utilizations. 

There are several important limitations to our study. 1) The small 
number of studies and small sample size may still be underpowered 
to assess net clinical benefit; 2) difference in ICD programming and 
antiarrhythmic drugs exposure might have led to selection bias and 
thereby influencing the results; 3) Individual patient-level data, data 
regarding inappropriate therapies and healthcare cost utilization was 
not available; 4) there was no uniform standardized definition for 

VANISH trial (Ventricular Tachycardia Ablation versus Escalation 
of Antiarrhythmic Drugs) demonstrated that the catheter ablation was 
associated with reduced risk of primary outcome composite of death at 
any time or VT storm or appropriate ICD shocks as compared to the 
control group (escalated antiarrhythmic drug with ICD).  However, 
the study failed to demonstrate a significant reduction in mortality 
as an individual secondary outcome between the two groups 20.  The 
significant difference in the primary outcomes was primarily driven by 
a reduction in appropriate ICD shocks and VT storms in the ablation 
arm.  Studies have shown that recurrent ICD shocks (both appropriate 
and inappropriate) have been associated with increased mortality 3,21.  
Therefore, intuitively prophylactic catheter ablation with an aim to 
homogenize the myocardial scar (by modifying the channels of slow 
conduction) may decrease the arrhythmia burden, ICD therapies, and 
in turn, potentially reduce mortality 7,8.  This has been retrospectively 
demonstrated by Tung and colleague where 2,061 patients who 
underwent scar-VT ablation (following ICD shocks), VT free survival 
was associated with reduced all-cause mortality 22.  

Inducible VT’s and the number of VT’s induced is a significant 
predictor of recurrent VT23,24.  Studies have shown that extensive 
substrate-based ablation strategy [targeting fractionated, late, and 
local abnormal ventricular activation (LAVA) potentials] is superior 
to ablation targeting only critical isthmus (for clinical VT) in ischemic 
cardiomyopathy patients25-27.  Also, 15% of patients with ischemic 
cardiomyopathy may have mid myocardial and epicardial substrate 
requiring adjunct epicardial ablation in addition to the endocardial 
approach28,29.  Therefore, a combined epicardial/endocardial ablation 
approach might be beneficial in VT free survival and, in turn, reduce 

Figure 5a 
and 5b:

Efficacy Outcomes: All-cause mortality.  The Forest plot shows 
the outcomes of the individual trials as well as the aggregate.  
Point estimates to the left favor prophylactic catheter ablation.  
The Funnel plot demonstrates no publication bias.

Figure 6a 
and 6b:

Efficacy Outcomes: Cardiac mortality.  The Forest plot shows the 
outcomes of the individual trials as well as the aggregate.  Point 
estimates to the left favor prophylactic catheter ablation.  The 
Funnel plot demonstrates no publication bias.
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all-cause mortality compared with “No PCA” approach.  Preventive 
ablation should not be routinely recommended but can be considered 
in patients with high-risk of VT burden and ICD therapies.

Click for Supplement Tables 
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Introduction
Hypertension (HTN) remains the greatest single contributor to 

cardiovascular death world wide, and is second only to tobacco abuse 
as a preventable cause of all mortality 1. Importantly,  as many as 13-
17% of patients have HTN that is resistant to multi-drug therapy 1, 
suggesting that the mechanisms targeted by most anti-hypertensive 
medications [e.g. renin-angiotensin-aldosterone system (RAAS) 
hyperactivity, hypervolemia and elevated vascular tone] may be less 
active in these patients.

Hypertension is the most common co-morbid condition in patients 
with atrial fibrillation (AF). Atrial fibrillation occurs in 3-4% of the 
population over the age of 65, with 80% of such patients having 

concomitant HTN 3. Hypertension contributes to the pathogenesis 
of AF via multiple mechanisms, including the development of diastolic 
dysfunction and elevated left atrial (LA) pressure, LA dilatation and 
fibrosis, and remodeling of the cardiac autonomic nervous system 
(CANS) which supports development of the electrophysiologic 
substrate that sustains AF 1, 4-6. Because of the effects of chronically 
elevated vascular tone and RAAS hyperactivity on cardiac afterload 
and ventricular and atrial wall stress, chronic HTN tends to cause 
predictable morphologic and functional changes in the heart that 
are easily assessed by transthoracic echocardiography (TTE) [e.g. 
left-ventricular hypertrophy (LVH), diastolic dysfunction, and LA 
enlargement] 9,10.  It seems likely that cardiac morphologic changes 
vary based on the mechanism underlying HTN in a given patient. Thus, 
echocardiographic features could potentially be used to distinguish 
between different forms of HTN. In patients with concomitant AF 
and HTN, appropriate blood pressure (BP) management is critical in 
reducing the structural and electrophysiologic remodeling that allow 
for AF initiation and maintenance 7,8. 

We have previously noted an improvement in control of HTN 
in a subset of patients undergoing AF ablation via pulmonary vein 
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Abstract
Background: Hypertension (HTN) and atrial fibrillation (AF) commonly co-exist. An improvement in control of HTN in a subset of patients 

undergoing AF ablation was previously demonstrated by our group. In the present study, we aimed to assess whether left atrial (LA) size 
based on transthoracic echo cardiography may predict the patients who demonstrate better HTN improvement after ganglionated plexus 
ablation (GPA) in addition to pulmonary vein isolation (PVI).

Methods: This was a retrospective chart review of patients with AF and HTN who underwent GPA+PVI. Patients were divided into 2 
groupsbased on LA size: Patients with normal LA size and patients with LA enlargement. Systolic blood pressure (SBP) levelswere compared 
at baseline, and 3, 6, and 12 months post-ablation. The primary endpoints of the study were mean systolic blood pressure change compared 
between groups from baseline to 12-months, as well as the absolute difference in systolic blood pressure at 12 months follow-up.Medical 
therapy for HTN was also assessed before the procedure, and at 12 months post-procedure.

Results: 53 patients (37 with LA enlargement, 16 with normal LA size) met inclusion criteria. At 12 months follow-up, SBP was 136.46 
± 22.38 mmHg in patients with LA enlargementand 118.25 ± 9.81 mmHg in patie nts with normal LA size (estimated difference of 19.04 
± 6.98 mmHg, p = 0.01). Patients with normal LA size were on significantly fewer anti-hypertensive agents at 12 months (2.33 ± 1.49 vs. 
1.44 ± 1.21, p < 0.05).

Conclusions: In patients undergoing PVI+GP ablation, normal LA size may predict HTN improvement at 12 months post-procedure. Normal 
LA size may identify hypertensive AF patients for whom autonomic modulation could be an effective therapy.
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isolation (PVI) with additional ablation of the cardiac autonomic 
ganglionated plexi (GPs). Specifically, LA size was shown to predict BP 
improvement after PVI+GP ablation, though that study was small, and 
did not systematically exclude other causes of LA enlargement. Such 
patients may have alternative mechanisms underlying their HTN, and 
early identification of these patients would have important diagnostic 
and therapeutic implications. Thus, the purpose of this study was to 
assess the predictive ability of LA enlargement on TTE with respect 
to BP improvement after PVI+GP ablation.

Materials and Methods
Study Design

The Institutional Review Board at the University of Oklahoma 
reviewed and approved the study protocol, and the study complies with 
the principles of the revised Declaration of Helsinki. Patients were 
eligible for the study if they had undergone catheter ablation for AF 
at our institution from 10/2010 through 6/2015 and remained in sinus 
rhythm at 12 months follow-up. Eligible patients were required to carry 
a previously-established diagnosis of HTN (defined as systolic blood 
pressure > 140 mmHg or diastolic blood pressure > 90 mmHg on two 
separate in-office readings), have GP ablation performed as part of the 
ablation lesion set and have follow-up data at 12 months post-ablation. 
Exclusion criteria included age less than 18, left ventricular ejection 
fraction (LVEF) < 40%, stroke or myocardial infarction within the past 
6 months, greater than moderate valvular stenosis or regurgitation as 
assessed by pre-procedure TTE, prior ablation for AF, or presence 
of a prosthetic heart valve. Basic demographic and medical history 
information were collected on all participants, including age, gender, 
race, ethnicity, co-morbid medical conditions, medications, duration 
of AF prior to ablation, and basic TTE measures of cardiac structure 
and function.

This was a retrospective chart review study of patients with HTN 
presenting for catheter ablation of AF. Records of patients who had 
presented to our EP lab for AF ablation during the study period were 
individually screened for inclusion and exclusion criteria. Patients 
were divided into two groups according to LA size (enlarged vs. 
normal size). Left atrial enlargement was defined as either a left atrial 
volume index (LAVi) ≥ 29 ml/m2body surface area (BSA)and/or an 
anteroposteriordiameter ≥ 4.0 cm on the pre-procedure TTE  assessed 
in the parasternal long-axis view. Baseline blood pressure was recorded 
from the pre-procedure in-office assessment. Follow-up blood pressure 
readings were recorded during routinely-scheduled 3, 6, and 12 month 
post-procedure office visits. All blood pressure measurements were 
taken according the published guidelines, with brachial blood pressure 
readings taken after the patient was seated for 5-minutes with legs 
uncrossed.

Regarding procedural care, our practice is to discontinue anti-
arrhythmic drugs for 5 half-lives prior to the procedure, with the 
exception of amiodarone which is discontinued for 6 weeks. Patients 
taking Coumadin for stroke prophylaxis continue uninterrupted, while 
patients taking direct oral anticoagulants (DOACs, e.g. apixaban, 
rivaroxaban, or dabigatran) had this medication discontinued 24 hours 
prior to the procedure. 

Ablation Procedure
Our practice is to perform AF ablation under general anesthesia 

utilizing a volatile anesthetic (typically sevoflurane or desflurane), 
a paralytic (typically rocuronium or vecuronium) as well as an 
intravenous propofol infusion. Vascular access was obtained in the 
bilateral common femoral veins, and diagnostic catheters were placed 
in the right atrial (RA) appendage, coronary sinus (CS), and His-
position. Invasive arterial pressure monitor via radial or femoral arterial 
line was performed in all patients. The CARTOSOUND® module 
was used to create a basic shell of the left atrium for the purpose of 
mapping and merging with pre-procedure computed tomography scan 
of the left atrium. Double trans-septal puncture was then performed 
under intracardiac echocardiographic and fluoroscopic guidance, 
and deflectable and SL-1 sheaths were advanced into the left atrium. 
An electroanatomic map was createdeither point-by-point via a 
mapping catheter (ThermoCool® SmartTouch® ST/SF ) (Biosense 
Webster®, Irvine CA) or via fast anatomic mapping utilizing the 
Pentaray®(Biosense Webster®, Irvine CA) multi -electrode mapping 
catheter. The endocardial locations corresponding to the epicardial 
LA GPs were mapped by placing the mapping catheter in the 
correct anatomic region and performing high-frequency stimulation 
(Figure 1 ). High frequency stimulation was performed using a Grass 
Stimulator (S-88 stimulator, Grass Instruments Division, Astro Med 
Inc.). Locations with a positive response (defined as > 3 seconds of 
asystole noted on the arterial pressure waveform) were marked on the 
map. Each marked area was targeted for ablation (25-35 W for 30 
seconds per lesion). Successful GP ablation was defined as elimination 
of the asystolicresponse . After ablation of all LA GPs, pulmonary vein 
isolation was performed utilizing wide area circumferential ablation, 
merging with the GP lesion clusters when they were noted to be close 
to the left and right PV antra.

The primary endpoint of the study was the mean change in SBP 
compared between groups at 12 months post-ablation, as well as the 
difference in SBP at 12 months. Secondary endpoints to be analyzed 
included diastolic blood pressure at 12 months as well as number of 

Figure 1:

Locations of the epicardial left atrial ganglionated plexi - The 
white and yellow lines denote the boundaries of the left and 
right PV antra, respectively. Panel A is a PA view, with orange 
circles denoting the locations of the SLGP, ILGP and IRGP. Panel 
B is an AP view, with the orange circle denoting the location of 
the ARGP. Red tags are a representative sampling of locations 
that demonstrated a positive response to HFS. Notably, areas 
corresponding to the ILGP frequently extended inferomedially 
along the posterior wall, and areas corresponded to the SLGP 
frequently extended anteriorly towards the base of the LAA

LA – Left atrium. CT – Computed tomography. PV – Pulmonary vein. PA – Posteroanterior. SLGP 
– Superior left ganglionated plexus. ILGP – Inferior left ganglionated plexus. IRGP – Inferior right 
ganglionated plexus. AP – Anteroposterior. ARGP – Anterior right ganglionated plexus. LSPV – Left 
superior pulmonary vein. LIPV – Left inferior pulmonary vein. RSPV – Right superior pulmonary 
vein. RIPV – Right inferior pulmonary vein. LAA – Left atrial appendage. HFS – High-frequency 
stimulation.
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test [if more than 20% of the expected counts from the contingency 
table of a demographic variable (yes/no) by group (normal LA size/
LA enlargement) were less than 5 or if any of the expected counts were 
0], where appropriate. The reasons for exclusion were descriptively 
summarized and tracked.

Because this was a retrospective study examining all patients over 
the specified time frame, no formal power calculation was done prior 
to study initiation to assess the number of patients required to detect 
a change in any of the continuous outcome measures. In the study by 
Sharma et al., SBP at 12 months in the normal LA size group was 
119.2 ± 13, vs. 130.4 ± 13.4 in the LA enlargement group 11. Assuming 
a power of 0.8 and alpha of 0.05, we would need a total of 34 patients 
to detect this difference. Because our final sample size of patients who 
met inclusion criteria and were not excluded was 53, we felt this was 
an adequate number to perform the analysis.

Results
From 10/2010 through 6/2015 a total of 314 patients presented to 

our lab for ablation of AF. Screening flow and reasons for exclusion 
are given in figure 2. 

As shown, the majority of exclusions occurred because of 
inadequate follow-up data. The final cohort consisted of 37 patients 
with LA enlargement and 16 patients with normal LA size. Baseline 
characteristics for each group are compared in table 1. As noted, 
the normal LA size group was a larger proportion female. A larger 
proportion of patients with normal LA size were diabetic. Additionally, 
a significantly smaller proportion of patients with normal LA size 
had been prescribed a calcium-channel blocker prior to ablation. 
With respect to cardiac structure and function, there was a significant 
difference in LA size (both by AP diameter and LAVi), as was expected 
for this study design. Interestingly, LVEFwas significantly greater in the 
normal LA size group as compared to the LA enlargement group. Left 
ventricular thickness parameters did not differ significantly between 
the two groups. Only a minority of studies were technically adequate to 
comment on diastolic function, and so this was not compared between 
the two groups.

For each of the continuous variables tested, we first used the 
repeated measures ANOVA model to test the group-time interaction. 
The interaction was significant for SBP (p = 0.03), indicating that 
SBP changed over time in the normal LA size group but not the LA 
enlargement group. Similarly, The interaction was also significant 
for number of anti-hypertensive medications, indicating a change in 
medical therapy over time in the normal LA size group, but not the 
LA enlargement group (p = 0.03).  The interaction was not significant 
for DBP (p = 0.54). 

Because the interaction between LA size and time was significant, 
least squared means were used to estimate mean SBP change over 
time within each group, as well as to compare SBP at 12-months 
between groups.Mean SBP did not change significantly in the LA 
enlargement group at 12-months (increase of 3.72± 3.15 mmHg, CI  
-10.08 – 2.65 mmHg, p = 0.25). In the normal LA size group, mean 
SBP decreased by 10.33 ± 5.1 mmHg, (CI 0.06 – 20.60 mmHg, p = 
0.04). At 12-months follow-up, Mean SBP was 136.46 ± 22.38mmHg 

prescribed anti-hypertensive medications compared between the two 
groups at 12 months. 

Statistical Analysis
Repeated measures analysis of variance (ANOVA) was used to 

compare themean change in SBP, DBP and change in number of 
medications over time between the two groups. This was a mixed model 
with time included as a repeated factor, and LA size and baseline 
demographic data included as non-repeated factors. An interaction 
between the group and time point was examined and dropped from the 
model if not statistically significant. The model included fixed effects 
of demographic data, time point and left atrial size, as well as random 
effects of subject, prescribed medications, as well and subject-by-group.  
A significant interaction between LA size and time point indicated a 
significant effect of LA size, and least squared means were then used to 
compare each continuous variable at each follow-up time point between 
groups.  Residual plots were created to evaluate the appropriateness of 
modeling assumptions including linearity, normality of the residuals 
and constant variance. Continuous and categorical demographic data 
are presented as mean ± standard deviation [or median (interquartile 
range) when the Wilcoxon rank sum test was used] or percentages, as 
appropriate. Baseline characteristics were compared using the student’s 
t-test or Wilcoxon rank sum test, or chi-square test or Fisher’s exact 

Figure 2: Screening and exclusion flow for the study.

Figure 3:
Mean number of prescribed medications at 12-months compared 
between the two groups. Error bars represent confidence 
intervals.
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complications were noted in any patient in either group.

Discussion
The principle finding of this study is that patients with HTN and 

normal LA size on pre-procedure TTE experienced a significantly-
greater decrease in SBP, and had significantly lower mean SBP at 
12-months follow-up after PVI+GP ablation as compared to patients 
with LA enlargement. Notably, patients with normal LA size were
also on fewer anti-hypertensive medications at 12-months follow-up, 
suggesting that these patients were able to have medical therapy de-
escalated following PVI+GP ablation. 

Relatively little research has been done into the effect of AF ablation 
on HTN. One retrospective report found an improvement in systolic 
BP in patients with a successful AF ablation (defined as lack of AF 
recurrence of greater than 30 seconds off of anti-arrhythmic drug 
therapy) as compared to patients with failed ablation. Interestingly, 
while that study did not further dichotomize patients with successful 
ablation, the reported within-group change in systolic BP in the success 
group was not significant (129 ± 17 mmHg baseline vs. 125 ± 14 mmHg 
at 1 year, p = 0.075) 12. Of note, because wide-area circumferential 

Table 1: Baseline Characteristics

LA Enlarged
(n=37)

Normal LA Size
(n=16)

p-value

Age (years) 65.0 ± 11.65 60.44 ± 11.91 0.21

Male 26 (0.70) 7 (0.31) 0.01

Time from diagnosis (months) 60 (36-120) 48 (36-180) 0.48

Diabetes 2 (0.05) 5 (0.31) 0.02

Coronary Disease 9 (0.24) 4 (0.25) >0.9

Obstructive Sleep Apnea 13 (0.35) 5 (0.31) >0.9

Body Mass Index 33.06 ± 9.08 31.08 ± 7.8 0.57

Ejection Fraction (%) 59.46 ± 13.91 68.86 ± 8.21 0.01

CHA2DS2VASc Score 2.3 ± 1.0 2.63 ± 1.02 0.28

Beta-Blocker 28 (0.76) 11 (0.69) 0.74

ACEi/ARB 19 (0.51) 5 (0.31) 0.18

Thiazide Diuretic 6 (0.16) 2 (0.13) >0.9

Aldosterone Receptor Antagonist 1 (0.02) 1 (0.06) 0.52

Calcium Channel Blocker 14 (0.38) 1 (0.06) 0.02

Other (Loop diuretic, nitrate, alpha-
blocker)

6 (0.16) 4 (0.25) 0.47

Left Atrial Size (cm) 4.89 ± 0.63 3.56 ± 0.47 <0.0001

Left Atrial Volume Index (ml/m2) 31.4 (28.5-34) 18.8 (16.5-21.25) 0.005

Left Ventricular Posterior Wall Thickness 
(End-diastole, cm)

1.25  ± 0.44 1.08 + 0.24 0.1

Left Ventricular Septal Thickness (End-
diastole, cm)

1.19  ± 0.21 1.14  ± 0.25 0.48

Ganglionated Plexi Ablated (n) 3.03 ± 0.32 3.08 ± 0.29 0.64

Table 2:
Comparison of systolic and diastolic blood pressure at each time 
point between groups Data are presented as mean ± standard 
deviation.

Baseline LAE Normal LA Size P-value

Systolic Blood Pressure (mmHg) 133.65 ± 17.62 127.67 ± 14.23 0.29

Diastolic Blood Pressure (mmHg) 79.43 ± 15.2 72.53 ± 10.64 0.08

3 months

Systolic Blood Pressure (mmHg) 127.04 ± 20.43 120.83 ± 11.02 0.24

Diastolic Blood Pressure (mmHg) 77.37 ± 11.23 73.50 ± 7.40 0.17

6 months

Systolic Blood Pressure (mmHg) 131.60 ± 21.02 123.25 ± 13.31 0.04

Diastolic Blood Pressure (mmHg) 77.40 ± 9.81 70.50 ± 6.91 0.07

12 months

Systolic Blood Pressure (mmHg) 136.46 ± 22.38 118.25 ± 9.81 0.01

Diastolic Blood Pressure (mmHg) 75.27 ± 10.23 72.81 ± 7.96 0.13

Figure 4:
Mean systolic blood pressure at each time point for each group 
with fitted regression lines. Error bars represent confidence 
intervals

Data are presented as mean ± standard deviation, median (interquartile range) or count 
(proportion), as appropriate. Statistical comparisons were made using student’s t-test or Wilcoxon 
rank sum test as appropriate for continuous variables, or chi-square test or Fisher’s exact test 
as appropriate for categorical variables. ACEi – Angiotensin-Converting Enzyme inhibitor. ARB – 
Angiotensin Receptor Blocker.

in the LA enlargementgroup and 118.25 ± 9.81 mmHg in the normal 
LA size group. Accordingly, the ANOVA model predicted a 19.04 ± 
6.98 mmHg lower SBP in the normal LA size group as compared to 
the LA enlargement group at 12-months months after adjusting for 
baseline differences in SBP (CI 4.94 – 33.14 mmHg, p = 0.01). There 
was no significant change in diastolic BP in the normal LA size group 
as compared to the LAE group at 12 months (CI -13.92 – 3.55, p = 
0.24).Table 2 gives mean BP levels (± standard deviation) at each time 
point for each group and p-values for the comparison at each time 
point.Figure 4 shows mean SBP at baseline, 3 months, 6 months, and 
12 months for each group, with fitted regression lines.

Least squared means were also used to compared number of anti-
hypertensive medications between the two groups at 12-months. 
Patients in the LA enlargement group were prescribed 2.33 ± 1.49anti-
hypertensive medications at 12 months post-ablation, while patients in 
the normal LA size group were prescribed 1.44 ± 1.21 anti-hypertensive 
medications at 12 months. Accordingly, the ANOVA model estimated 
reduction in the number of prescribed anti-hypertensive medications 
in the normal LA size group of 1.17 ± 0.37 (CI 0.42 – 1.92, p = 0.003) 
after adjusting for baseline differences in the number of prescribed 
anti-hypertensive medications. (Figure 3).

Regarding safety endpoints, there was a single pericardial effusion in 
each group that required pericardiocentesis. Otherwise, no significant 

LAE – Left atrial enlargement.
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many of these studies were performed using older, “vasoconstricting” 
beta-blockers (e.g. Atenolol), with studies using combined alpha/beta-
blocking agents (e.g. carvedilol, labetalol) being poorly-represented 23. 
Similarly, the lack of clear antihypertensive effects by renal sympathetic 
denervation may result from, at least in part, performing the procedure 
in undifferentiated HTN patients . 

Importantly, histologic and anatomical data have shown that 
the epicardial GPs are mixed (i.e. consist of both sympathetic and 
parasympathetic neurons) 24. Thus, the mechanism underlying the 
salutary effect of GP ablation on AF ablation durability and HTN 
control may involve both sympathetic and parasympathetic denervation. 
Several prior studies have demonstrated evidence of sympathetic 
denervation after GP ablation, including shortening of the corrected 
QT interval (QTc) after GP ablation in patients with congenital long-
QT syndrome 25, as well as both shortening of the QTc and RR interval 
in patients with vasovagal syncope 26. Thus, if sympathetic hyperactivity 
at the level of the epicardial GPs were playing a significant role in 
HTN in a subset of patients, GP ablation would be expected to have a 
beneficial effect by modulating sympathetic output from the GPs. As a 
result, this would reduce the likelihood of ectopic firing and structural 
remodeling required for AF initiation and maintenance.

A major challenge remains in identifying patients with neurogenic 
HTN, and our study results point to echocardiographic markers of 
cardiac structure and function as possible discriminating features 
(specifically LA size in this study). As noted above, LVEF was also 
significantly higher in patients who responded favorably to PVI/
GP ablation, in line with previous reports showing elevated cardiac 
output is present in the early-stages of HTN, and this can be favorably 
treated with autonomic blockade 20. Other markers of neurogenic 
HTN have been proposed, including HTN associated with obstructive 
sleep apnea(OSA) or prior stroke, labile HTN, concomitant sinus 
tachycardia, and a demonstrated lack of volume or RAAS system 
excess 23. Whether or not these markers are accurate in identifying 
neurogenic HTN or predicting a favorable response to autonomic 
modulation remains to be studied. Still, the research described above 
argues for a more personalized approach to the hypertensive patient, 
with medical therapy selected based on the presumed underlying 
mechanism (volume-mediated, RAAS-mediated, or neurogenic) 
23. Using echocardiographic markers, including LA dimensions and
LVEF, as screening tools to identify patients more likely to respond to 
autonomic modulation may allow for better patient selection, both in
the clinical and investigational setting.

Interestingly, there was a greater proportion of diabetic patients 
in the normal LA size group. Diabetic patients are well-known to 
have significant autonomic neuropathy 27, and there is also evidence of 
CANS dysfunction in diabetic patients. Ayad et al. 28 demonstrated the 
presence of cardiac autonomic neuropathy (defined by abnormal heart 
rate variability and postural hypotension) in 40% of diabetic patients 
they screened. The presence of autonomic neuropathy independently 
predicted the presence of HTN, with the prevalence of HTN increasing 
with severity of neuropathy. Thus, the presence of other conditions 
known to be associated with systemic dysautonomia may increase the 
likelihood that concomitant HTN is neurogenic, and may predict a 
favorable response to autonomic modulation.

ablation would be expected to at least partially transect all major GPs, 
the relative importance of PVI vs. PVI+GP ablation remains unclear. 
Several prior studies have reported on the salutary endocrine 13 and 
clinical 14,15 effects of sinus rhythm maintenance. Our study adds to 
this work by more closely-examining patients who were successfully 
ablated, and demonstrating that improvement in blood pressure control 
can be predicted by echocardiographic features.

There are several possible reasons while LA size may be predictive 
of BP improvement after PVI+GP ablation. Most obviously, greater 
degrees of LA enlargement may simply be a reflection of more advanced 
HTN. As such, it may be that GP ablation is less effective in improving 
BP control once a critical degrees of atrial and vascular remodeling 
has occurred. As such, other measures reflecting chronicity of HTN 
would be expected to differ in parallel with LA size, though there 
was no significant difference noted in the LV thickness parameters 
recorded on pre-procedure TTE. Additionally, there was a non-
significant trend towards lower time since diagnosis in the normal LA 
size group. However, this is an imperfect measure, as it does not capture 
the duration of subclinical HTN prior to official diagnosis. 

Alternatively, the mechanism underlying HTN in patients with 
normal LA size may differ from patients with LA enlargement, and 
improvement after GP ablation may be evidence of a significant 
component of dysautonomia. The concept of autonomically-mediated, 
or “neurogenic” HTN is not new. Much of the early investigation 
into the mechanisms of HTN focused on neural mechanisms 16-19. 
Dustan et al. put forth the concept of “cardiogenic hypertension”, 
that was driven by elevated contractility and sympathetic tone 17. The 
landmark studies of Goldblatt et al. 20 and others refocused research 
efforts on RAAS hyperactivity, intravascular volume overload, and 
endocrine mechanisms to explain HTN, and much of current medical 
therapy is aimed at combatting these mechanisms. As noted above, a 
significant proportion of patients with HTN fail to respond to these 
therapies, and autonomic hyperactivity is a reasonable alternative 
mechanism. Because of the inclusion of GP ablation in the lesion 
set, one possibility is that HTN in the patients with normal LA size 
is driven by dysautonomia as opposed to RAAS hyperactivity, or 
chronically-elevated vascular tone. Interestingly, patients with normal 
LA size in our study had significantly greater LVEF as compared to 
patients with LA enlargement, suggesting elevated cardiac autonomic 
activity and increased contractility as a possible mechanism of HTN 
in these patients.

Relatively little clinical research has been done regarding medical 
therapy targeting the sympathetic nervous system as primary therapy 
for HTN. Neurogenic HTN would theoretically be more likely to 
respond to alpha and/or beta blockade, because of the direct effect of 
elevated sympathetic output on alpha- and beta-adrenergic receptors 
21. A large meta-analysis examining the role of beta blockade in HTN
management showed beta-blockers to be inferior to other anti-
hypertensive agents with respect to blood pressure lowering, and even
showed a higher risk of stroke in patients treated with beta blockers
compared to other anti-hypertensive agents 22. However, these studies 
were performed in undifferentiated hypertensive patients, and it is still 
possible that a subset of these patients could have neurogenic HTN
that responded more favorably to adrenergic blockade. Additionally,
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Limitations
This study has several limitations. Principally, there are multiple 

causes of LA enlargement other than arterial HTN. While significant 
valvular heart disease patients were excluded, we were unable to assess 
the role of other factors (e.g. diastolic dysfunction) on LA size because of 
the retrospective nature of the study and lack of assessment of diastolic 
function on many of the pre-procedure TTEs. Still, patients with 
normal LA size are unaffected by this issue and would be expected to 
be less heterogeneous with respect to causes of their echocardiographic 
findings than patients with LA enlargement. Second, a significant 
proportion of screened patients were excluded because of lack of follow-
up data. Given the relatively small sample size analyzed in our study, 
the possibility of both type I and type II statistical errors remains a 
concern. Third, as a general comment, this study is retrospective and 
non-randomized, though the possibility of a selection bias is relatively 
low given that patients were grouped based on an objective finding 
(i.e. LA size), and the entire AF ablation population for our lab over 
the study period was screened for inclusion. Additionally, it is unclear 
from our data the impact of “time since diagnosis of HTN” on blood 
pressure improvement after PVI+GP ablation. As noted above, elevated 
cardiac output is principally seen early in the clinical course of HTN, 
and so patients in the normal LA size group may simply have had a 
shorter duration of HTN than patients in the LA enlargement group, 
making them more likely to respond to autonomic modulation. While 
there was a trend towards a shorter duration of HTN in the normal LA 
size group, this was not statistically significant. Finally, as wide-area 
circumferential ablation would be expected to at least partially transect 
the epicardial GPs based on anatomic location, the relative importance 
of PVI itself vs. the addition of targeted GP ablation remains unclear 
from our study. Further research could include a comparison to patients 
who underwent PVI alone, though the practice at our institution since 
2003 has been to perform PVI+GP in all patients with paroxysmal AF. 
Thus, no patients were available for this comparison.

Conclusions
In patients with AF and concomitant HTN, normal LA size predicts 

improvement in blood pressure control after PVI+GP ablation. This 
suggests an alternative underlying mechanism in this population. 
Because of the inclusion of GP ablation in our lesion set, and because 
the presence of normal LA size may indicate less LA structural 
remodeling, we hypothesize that these patients have a neurogenic form 
of HTN, and our study points towards LA size as a potential biomarker 
for this condition. Further evidence of autonomic dysregulation in this 
study population includes a greater proportion of diabetic patients, 
and a greater LV ejection fraction, both of which may potentially serve 
as markers of autonomic dysfunction that may predict response to 
autonomic modulating therapies.
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Introduction
Atrial fibrillation (AF) represents the most frequentlyencountered 

sustained arrhythmia and has a prevalence rate ranging between1.5–2% 
in the general population, which increases to 10% and 18% at 80 and 
85 years of age, respectively1-3. Direct oral anticoagulant (DOAC) 
therapy obviates the need for regular laboratory monitoring of 
patients by international normalized ratio testing owing to a wider 
therapeutic window, allows once-daily (edoxaban, rivaroxaban) or 
twice-daily (apixaban, dabigatran) administration and is associated 
with minimalfood and drug interactions. Regarding safety and efficacy, 
DOAC therapy has been shown to be superior to vitamin K antagonists 
in patients with nonvalvular AF, though DOAC equally has the risk 
of intracranial bleeding 4-7.

Meticulous dose adjustments are not required for DOACs. 
Nonetheless,considering appropriate dose selection, cut-off values 
differ according to age, renal function, body weight, and interacting 
drugs. Both age and chronic kidney disease (CKD)increase the risk of 
stroke and bleeding during antithrombotic treatmentin patients with 
AF 8, which might cause the prescription of an inappropriately low 
dose. In our database of a single-center registry, 23% of patients with 
AF treated with a DOAC received an inappropriate dose 9. 

In addition, patients with CKD are predisposed tocardiac rhythm 
disorders (e.g., AF and atrialflutter) and carry an increased burden of 
AF compared with those withoutCKD(10). The prevalence rate ofAF 
remains high and has been estimated to range from 16% to 21% in 
patients with CKD who are not dependent on dialysis11-13.

This single-center study aimed to evaluate the current status of the 
characteristics and clinical outcomesof DOAC prescription,including 
the rate of appropriate dose use,amongpatients with AF and CKD.
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Abstract
Background:This study aimed to evaluate the characteristics and clinical outcomes (major bleeding [MB] and thromboembolic events 

[TEEs]) of atrial fibrillation (AF) patients with chronic kidney disease (CKD)who receiveddirect oral anticoagulant (DOAC) therapy.

Methods:Data prospectivelycollected from a single-center registry containing 2,272 patients with DOAC prescription for AF (apixaban 
[n=1,014], edoxaban [n=267], rivaroxaban [n=498], and dabigatran[n=493]) were retrospectively analyzed. Patients were monitored for two 
years and classified into the CKD (n=1460) andnon-CKD groups(n=812). MB and TEEs were evaluated.

Results:The mean age was 72±10 years, with the CHADS2,CHA2DS2-VASc, and HAS-BLED scores being 1.95±1.32, 3.21±1.67, and 
1.89±0.96,respectively.Incidence rates of MB and TEEs were 2.3%/year and 2.1%/year, respectively. The CKD groupwasolderand had lower 
body weight and higher CHADS2,CHA2DS2-VASc, and HAS-BLED scoresthanthe non-CKD group.Kaplan–Meier curve analysis revealed that 
the incidence of MB and TEEs was higher in the CKD group. Multiple logistic regression analysis in the CKD group revealed thatage andstroke 
history were independent determinants of TEEs, and low body weighttended to be a determinant of MB.The inappropriate low dose use was 
higher for apixaban than other DOACs in the CKD group. Consequently, for apixaban, the incidence of stroke was significantly higherin the 
CKD group than in the non-CKD group.

Conclusion:Patients with CKDwere characterized by factors that predisposed them to MB and TEEs, such as older age and low body weight. 
In a single-center registry, only treatment with apixaban in the CKD group led to a higher incidence of TEEs.
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stenosis were excluded from the study.

Data on patients’ baseline characteristics including age, sex, body 
weight, and renal function (creatinine clearance and creatinine levels); 
history, including comorbidities; and clinical outcomes during 2-year 
follow-up after DOAC prescription were collected. Furthermore, 
CHADS2 score, CHA2DS2-VASc score, and HAS-BLED score were 
determined 14-16. The institutional database used in this study was 
approved by our local ethics committee, and informed consent was 
obtained from all patients.

Figure 1:

(A) Kaplan Meier curve for major bleeding between the chronic 
kidney disease (CKD) group and the non-CKD group
The incidence of major bleeding in the CKD group was significantly 
higherthan that in the non-CKD group (Logrank: p<0.01).
(B) Kaplan Meier curve for stroke/systemic emboli between the 
CKD group and the non-CKD group
The incidence of stroke/systemic emboli in the CKD group was 
significantly higher than that in the non-CKD group (Logrank: 
p<0.01).

Table 1: The comparison between CKD group and non-CKD group

All CKD Non-CKD 
group

P value
 CKD vs 
Non-CKD

N 2272 812 1460 -

Age (years) 72.3±7.2 80.8±6.6 67.6±9.9 <0.01

Male (%) 63 49 72 <0.01

Body-weight (kg) 59.4±13.1 50.6±9.7 64.3±11.5 <0.01

Ccr (mL/min) 61.6±24.2 39.3±8.4 74.2±21.2 <0.01

History 
of CAD
 of PAD
 of CHF
 of diabetes
 of hypertension
 of stroke or TIA
 of intracranial bleeding
of GI bleeding
 of anti-platelet therapy

214 (9.4)
75 (3.3)
411 (18.1)
451(19.8)
1264 (55.6)
338 (14.8)
43 (1.9)
40 (1.8)
304 (13.3)

91(11.2)
23(2.8)
240 (29.5)
165(20.3)
463(57.1)
132(16.2)
13(1.6)
19(2.3)
109(15.0)

123(8.4)
52(3.5)
171 (11.7)
286(19.5)
801(54.8)
206(14.1)
30(2.0)
21(1.4)
195(13.3)

0.10
0.41
<0.01
0.41
0.07
0.35
0.59
0.13
0.50

Appropriate dose (%) 77.4 85.7 72.9 <0.01

CHADS2 score 
   0
   1
>2
Mean

258 (11.3)
683 (30.0)
1331(58.5)
1.95±1.32

20 (2.4)
128(15.8)
664(81.8)
2.57±1.23

238 (16.3)
555 (38.0)
667(45.7)
1.61±1.20

<0.01

CHA2DS2-VASc score
 0
  1
  2
>3
 mean

75 (3.3)
310 (13.7)
414 (18.2)
1473 (64.8)
3.21±1.67

3 (0.4)
13 (1.6)
74 (9.1)
722 (88.9)
4.19±1.45

72 (4.9)
297 (20.4)
340 (23.3)
751 (51.4)
2.67±1.67

<0.01

HAS-BLED score
   0
   1
>2
  mean

154 (6.8)
599 (26.3)
1519 (66.8)
1.89±0.96

4 (0.5)
15 (1.8)
793 (97.7)
2.18±0.83

150 (10.2)
584 (40.0)
726 (49.7)
1.71±0.97

<0.01

Any cause death 
(per 100-patient years)

2.1 4.5 1.1 <0.01

Major bleeding  
(per 100-patient years)
 Intracranial hemorrhage
Gastrointestinal bleeding

2.3

0.3 
1.9

3.3

0.2
3.1

1.4

0.3
1.0

<0.01

Stroke/emboli 
(per 100-patient years)
 Ischemic strokes
 TIA
 Systemic emboli
Hemorrhagic stroke

2.1

1.8
0.1
0.1
0.1

3.6

3.0
0.2
0.2
0.2

1.6

1.4
0.1
0.0
0.1

<0.01

Data are presented as the mean ± standard deviation or n (%). Ccr, Creatinine clearance; CAD, 
coronary artery disease; PAD, peripheral artery disease; CHF, congestive heart failure; TIA, transient 
ischemia attack; CHADS2 score, Congestive Heart Failure, Hypertension, Age ≥ 75 Years, Diabetes 
Mellitus, Stroke History; CHA2DS2-VASc score, Congestive heart failure, Hypertension, Age≥75 years, 
Diabetes Mellitus, Previous Stroke/transient ischemic attack, Vascular disease, Age 65-74 years, 
Sex category;HAS-BLED score, Hypertension, Renal Disease and Liver Disease, Stroke History, Prior 
Major Bleeding or Predisposition to Bleeding, Age >65, Medication Usage Predisposing to Bleeding 
score

Methods
Study population and data collection 

In total,2,272 consecutive patients who were prescribed DOACs 
for AF (including paroxysmal AF)between September 2011 and 
January 2016 at Tachikawa General Hospital, Nagaoka, Japan, were 
retrospectively analyzed. All patients in the DOAC database were 
included in the analysis. However, patients with (1) valvular disease 
requiring surgery, (2) prosthetic mechanical heart valve, and (3) mitral 
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DOAC prescriptions
Four DOACs (apixaban [n=1,014], edoxaban [n=267], rivaroxaban 

[n=498], and dabigatran [n=493]) were prescribed for AF at the 
discretion of the physician. The prescription dose was basically in 
accordance with themanufacturer’s label recommendations in Japan, 
including thereduced dose recommendations.For apixaban, a reduced 
dose is recommended for patients with at least two of the following 
characteristics: age ≥80 years, weight ≤60kg, or serum creatinine level 
≥1.5mg/dL.For edoxaban, a reduced dose is recommended for patients 
with moderate or severe renal impairment (creatinine clearance of 
15–49 mL/min), patients weighing ≤60 kg, and patients being 
concomitantly treated with interacting drugs (e.g., verapamil). For 
rivaroxaban, a reduced dose is recommended for patients with moderate 
renal impairment (creatinine clearance of 15–49mL/min). For 
dabigatran, a reduced dose is consideredfor elderly patients aged ≥70 
years, patients with moderate renal impairment (creatinine clearance of 
30–49mL/min), patients concomitantly treated with interacting drugs 
(e.g., verapamil), and patients at a high risk of bleeding. However, an 
inappropriately high or low dose may similarly be prescribed based on 
the doctor’s discretion. Hence, in this study, classifications of DOAC 
prescriptions, including an appropriate dose and an inappropriate 
high or low dose, were considered based on the manufacturer’s label 
recommendations in Japan, as mentioned earlier.

Study design
In this study, patients were classified into the following two groups 

according to a cut-off value of 50 mL/min for creatinine clearance at 
registration: non-CKD group (n=1460) and CKD group (n=812). A 
comparison of baseline characteristics, the ratio of the appropriate 
dose useto the inappropriate dose use, including an inappropriate low 
dose, andclinical outcomesbetween the two groupswere determinedfor 
all four DOACs and each type ofDOAC. In this study, if the types of 
DOAC were changed or the DOAC was discontinued, the patients 
were excluded from the cohorts but included in the data analysis.

Table 2: The comparison of CKD group and non-CKD group in each DOAC
(a) Apixaban

(a) Apixaban

CKD Non-CKD P value

N 388 (38.3) 626 (61.7)

Age (years) 81.9±6.3 69.6±9.9 <0.01

Male (%) 48 71 <0.01

Appropitate dose (%) 79.8 75.2 0.38

Body-weight (kg) 50.6±9.9 63.0±11.4 <0.01

Ccr (ml/min)  38.5±7.6 72.2±19.2 <0.01

CHADS2 score 2.57±1.23 1.62±1.27 <0.01

CHA2DS2-VASc score 4.26±1.41 2.77±1.62 <0.01

HAS-BLED score 2.12±0.80 1.75±0.98 0.01

Any cause death

 (per 100-patient years) 5.5 1.9 <0.01

Major bleeding 

(per 100-patient years) 3.9 2.3 0.21

Stroke/systemic emboli

(per 100-patient years) 3.8 1.6 0.03

(b) Edoxaban 

CKD Non-CKD P value

N 107 (40.0) 160 (60.0)

Age (years) 80.1±6.9 67.6±8.5 <0.01

Male (%) 44 73 <0.01

Appropriate dose (%) 91.5 83.8 0.25

Body-weight (kg) 50.1±8.8 63.0±10.3 <0.01

Ccr (ml/min) 36.9±9.9 73.0±16.0 <0.01

CHADS2 score 2.39±1.26 1.69±1.03 <0.01

CHA2DS2-VASc score 4.02±1.60 2.69±1.57 <0.01

HAS-BLED score 2.15±0.93 1.67±0.99 <0.01

Any cause death 

 (per 100-patient years) 1.5 0.0 0.58

Major bleeding 

(per 100-patient years) 3.5 1.8 0.36

Stroke/systemic emboli  (per 
100-patient years)

0.0 1.8 0.51

(c): Rivaroxaban

CKD Non-CKD P value

N 177 (35.6) 321 (64.4)

Age (years) 80.5±6.7 67.0±10.3 <0.01

Male (%) 48 75 <0.01

Appropriate dose (%) 89.8 64.2 <0.01

Body-weight (kg) 51.1±9.9 66.2±11.5 <0.01

Ccr (ml/min) 39.1±8.5 76.0±20.4 <0.01

CHADS2 score 2.54±1.25 1.61±1.10 <0.01

CHA2DS2-VASc score 4.14±1.45 2.65±1.42 <0.01

HAS-BLED score 2.20±0.76 1.75±0.99 <0.01

Any cause death 

(per 100-patient years) 4.5 1.0 0.024

Major bleeding

(per 100-patient years)    2.2 0.6 0.14

Stroke/systemic emboli 

(per 100-patient years) 3.2 1.4 0.78

(d) Dabigatran

CKD Non-CKD P value

N 140(28.3) 353(71.7)

Age (years) 79.1±6.9 66.1±9.5 <0.01

Male (%) 54 72 <0.01

Appropriate dose (%) 93.6 72.6 <0.01

Body-weight (kg) 50.2±9.1 63.0±10.3 <0.01

Ccr (ml/min) 40.4±7.3 77.9±26.0 <0.01

CHADS2 score 2.58±1.35 1.57±1.13 <0.01

CHA2DS2-VASc score 4.11±1.51 2.52±1.47 <0.01

HAS-BLED score 2.24±0.96 1.63±0.94 <0.01

Any cause death 

(per 100-patient years) 0.6 0.1 0.45

Major bleeding

(per 100-patient years) 2.5 1.4 0.48

Stroke/systemic emboli 

(per 100-patient years)   3.8 1.7 0.23

Data are presented as the mean ± standard deviation or n (%). Ccr, Creatinine clearance; CHADS2 
score, Congestive Heart Failure, Hypertension, Age ≥ 75 Years, Diabetes Mellitus, Stroke History; 
CHA2DS2-VASc score, Congestive heart failure, Hypertension, Age≥75 years, Diabetes Mellitus, 
Previous Stroke/transient ischemic attack, Vascular disease, Age 65-74 years, Sex category; HAS-
BLED score, Hypertension, Renal Disease and Liver Disease, Stroke History, Prior Major Bleeding or 
Predisposition to Bleeding, Age >65, Medication Usage Predisposing to Bleeding score



www.jafib.com Aug-Sep 2020, Volume-13 Issue-2

Featured ReviewJournal of Atrial Fibrillation Featured ReviewJournal of Atrial Fibrillation28 Original Research

Clinical outcomes
The primary outcome was stroke, including transient ischemic attacks 

(TIA) and hemorrhagic stroke and systemic embolism.The main safety 
outcome was major bleeding, defined using the Randomized Evaluation 
of Long-Term Anticoagulant Therapy criteria 5, 10.Furthermore, the rate 
of any cause of death was determined.

Statistical analysis
Normally distributed continuous data are presented as means ± 

standard deviations, whereas categorical data are expressed as counts 
with percentages. Non-parametric data, such as CHADS2 score, 
CHA2DS2-VASc score, and HAS-BLED score, are presented as 
median value (interquartile range). For all four DOACs, baseline 
characteristics were compared usinganalysis of variance (followed by 
multiple comparisons using Dunn’s method)for parametric data and the 
chi-squared test for categorical data.For each type of DOACs, baseline 
characteristics of the non-CKD and CKD groupswere compared using 
Student’s t-testand Fisher’s exact test for continuous-and categorical 
data, respectively. Furthermore, multivariate logistic regression was 
performed to determine the predictors for major bleeding and stroke 
in both non-CKD and CKD groups. Finally, we compared the clinical 
outcomes between the non-CKD andCKD groups using Kaplan–
Meier event rate curves.A two-sided p-value <0.05 was considered 
statistically significant for all analyses.

Results
Baseline characteristics(Table 1)

In this study, the mean age of patients was 72±10 years, with 
CHADS2, CHA2DS2-VASc, and HAS-BLED scoresof 1.95±1.32, 
3.21±1.67, and 1.89±0.96, respectively. The mean follow-up time 
was 1.6 years. Overall, the incidence rates of major bleeding and 
thromboembolic events were 2.3 and 2.1 per 100patient-years, 
respectively. 

Table 3: The prescription among four DOACs 

(a)The rate of appropriate dosing among four DOACs

Apixaban Edoxaban Rivaroxaban Dabigatran

Appropriate dose(%)  781 (77.1) 230 (86.1) 364 (73.0) 385 (78.1)

Inappropriate dose

Low dose (%) 229 (22.5) 33 (12.4) 119 (23.9) 102 (20.7)

High dose (%) 4 (0.4) 4 (1.5) 15 (3.1) 6 (1.2)

(b) The comparison of the rate of appropriate dosing between the CKD and non-
CKD among four DOACs

Apixaban Edoxaban Rivaroxaban Dabigatran P value

CKD (%) 79.8* 91.5 89.8 93.6 <0.01

non-CKD (%) 75.2 83.8† 64.2 72.6 <0.01

P value 0.38 0.25 <0.01 <0.01

CKD, chronic kidney disease.

*P<0.05 compared with Edoxaban, Rivaroxaban, and Dabigatran
†P<0.05 compared with Apixaban, Rivaroxaban, and Dabigatran

Table 4: Multivariate logistics analysis 

A) non-CKD group

(1) A predictor for major bleeding in the non-CKD patients

Odds ratio 95% confidence interval P value

Age (years) 1.04 0.99-1.10 0.08

Male 1.46 0.48-2.57 0.43

Appropriate dose use 0.64 0.33-6.74 0.16

Body weight (kg) 0.98 0.90-1.00 0.62

Ccr (ml/min) 0.99 0.92-1.01 0.85

Antiplatelet therapy 0.82 0.30-2.97 0.70

Prior history of bleeding 2.40 0.99-5.11 0.06

Prior history of stroke 2.16 0.85-6.76 0.11

(2) A predictor for stroke/systemic emboli in the non-CKD patients

Odds ratio 95% confidence interval P value

Age (years) 1.06 1.01-1.11 0.02

Male 1.43 0.59-3.46 0.41

Appropriate dose use 0.76 0.37-1.54 0.45

Body weight (kg) 1.00 0.96-1.04 0.65

Ccr (ml/min) 0.98 0.95-1.01 0.42

Antiplatelet therapy 1.71 0.80-3.63 0.16

Prior history of bleeding 0.26 0.03-2.00 0.19

Prior history of stroke 2.77 1.15-6.73 0.02

B) CKD group

(1) A predictor for major bleeding in the CKD patients

Odds ratio 95% confidence interval P value

Age (years) 1.02 0.94-1.08 0.76

Male 1.11 0.48-2.57 0.80

Appropriate dose use 1.51 0.33-6.74 0.58

Body weight (kg) 0.95 0.90-1.00 0.08

Ccr (ml/min) 0.97 0.92-1.01 0.14

Antiplatelet therapy 1.06 0.38-2.97 0.90

Prior history of bleeding 0.89 0.24-3.17 0.85

Prior history of stroke 1.13 0.45-2.80 0.78

(2) A predictor for stroke/systemic emboli in the CKD patients

Odds ratio 95% confidence interval P value

Age (years) 1.08 1.01-1.16 0.02

Male 0.89 0.36-2.15 0.80

Appropriate dose use 1.23 0.33-4.59 0.75

Body weight (kg) 1.02 0.97-1.07 0.37

Ccr (ml/min) 1.00 0.95-1.05 0.87

Antiplatelet therapy 1.97 0.78-4.96 0.14

Prior history of bleeding 1.71 0.54-5.43 0.35

Prior history of stroke 2.32 1.01-5.13 0.04

Ccr, creatinine clearance.

Comparison of baseline characteristics between the non-CKD 
and CKD groups for all four DOACs and for each type of 
DOACs (Tables1 and 2)

Overall, the CKD group had significantly higher mean age and 
CHADS2,CHA2DS2-VASc, and HAS-BLED scores than the non-
CKD group. Nevertheless, body weight was significantly lowerin the 
CKD groupthan in the non-CKD group. In our database of a single-
center registry, 23% of patients with AF treated with a DOAC received 
an inappropriate dose.Regardingthe analysis of inappropriate dose use, 
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The relationship among AF, CKD, age, and body weight

Severalstudies have reported a substantial relationship amongAF, 
CKD, age, and body weight 1-3, 10, 17-19, andolder age is associated with 
the occurrence of AF 1-3.CKD and AF share numerous risk factors and 
conditionsthat promote their incidence.Therefore, it is established that 
CKD increases the incidence of AF10, 19.In contrast,AF elimination by 
catheter ablation was associated with improvement in renal function at 
1-year follow-up in patients with mild to moderate renal dysfunction 
20, indicating that AF equallyaccelerates CKD progression. 

Similarly, a relationship between age and CKD has been reported 21. 
The absolute glomerular filtration rate (GFR) value decreased with an 
increase in age20. Furthermore, Japanese patients with AF are generally 
small and lean22.According to a previous report, frailty in elderly 
patients increased with an increase in age23. Body loss has equallybeen 
defined as one of the criteria for frailty24. Thus, there seems to be a 
relationship amongCKD, age, and bodyweight somewhat, and we 
have to consider that AF patients with CKD tend to be olderand have 
lower body weight. In this study, AF patients with CKD were older 
and had lower body weight than those without, which isconsistentwith 
the findings of the aforementioned studies.

Effect of CKD, age, and body weight on major bleeding and 
stroke/systemic embolism in patients with AF

Several reports have described the association between renal function 
and major bleeding or stroke/systemic embolism10, 25-32. In addition, 
older age is considered a predictor of major bleeding events33, 34 and 
stroke/systemic embolism33, 35, 36. In addition, it is actually included 
as one of the factors forthe CHADS2, CHA2DS2-VASc, and HAS-
BLED scores. In this study, age was an independent predictor of stroke/
systemic embolism, agreeingwith the abovementioned finding.Low 
body weight tended to be a predictor of major bleeding in this study. 
Nevertheless,the relationship between body weight and major bleeding 
remainsfairly controversial37-40. However, several studies have described 
that lean patients were at higher risk for bleeding complications 41-44. 
DOACs seemed safer and more effective than vitamin K antagonists, 
even in patients with low body weight 45. However,the risk of increased 
bleeding by DOACsin underweight patients has been highlighted 
in previous studies46, 47.In summary, high age and low body weight, 
which are specific characteristics of patients with CKD, may be closely 
associated with an increase in major bleeding or stroke/systemic 
embolism.

Several previous reports have described thata combination of 
vitamin K antagonist and antiplatelet therapy is associated with a 
high annual risk of fatal and non-fatal bleeding episodes 48, 49. However, 
an observational study on real-world Asian patients treated with 
DOAC and antiplatelet agents showed no incremental bleeding 
risk (of additional antiplatelet therapy to DOAC) in a large pooled 
population50. Therefore, our study findings may be compatible with 
previous results.

Use of inappropriate low dose in patients with CKD
For apixaban, the incidence of stroke was higher in AF patients with 

CKD than in those without CKD in the present registry, andthis finding 
might be very suggestive. The prescription of an inappropriate low dose 
is often observed in the realworld. Theoretically, an inappropriate low 

the use of inappropriate low dose was obviously dominant compared 
to the use of inappropriate high dose (94.4 vs. 5.6%) (Table 3 (a)). On 
the contrary, the ratio of appropriatedose use was significantly higher in 
the CKD group than in the non-CKD group (85.7 vs.72.9%, p<0.01). 

However, the ratio of appropriate dose usein the CKD group was 
significantly lower for apixaban than other DOACs (Table 3 (b)). In 
contrast, the ratio of appropriate dose use in the non-CKD group was 
significantly higher for edoxaban thanfor other DOACs. Based on the 
definition of CKD in this study, creatinine clearance was significantly 
lower in the CKD group than in the non-CKD group (39.3±8.4 vs. 
74.2±21.2 mL/min, p<0.01).

Regardingeach type of DOAC, a similar tendency was observed in 
the comparison of baseline characteristics between the CKD and non-
CKD groups—i.e., significantlyhigher values for mean age, appropriate 
dose use, and CHADS2, CHA2DS2-VASc, and HAS-BLED scores 
in the CKD group and significantly lower body weight in the CKD 
group. However, for apixaban, the ratio of appropriate dose use in the 
CKD group was comparable to that in the non-CKD group (79.8 
vs.75.2%, p=0.38).

Comparison of clinical outcomes between the non-CKD and 
CKD groupsfor all four DOACs and for each type of DOACs 
(Tables 1 and 2)

Overall, the CKD group showed significantly higher incidence rates 
of death from any cause, including major bleeding and stroke/systemic 
embolism,than the non-CKD group (death from any cause: 4.5 vs. 1.1 
per 100patient-years, p<0.01; major bleeding: 3.3 vs.1.4 per 100patient-
years, p<0.01; stroke/systemic embolism:3.6 vs. 1.6 per 100patient-
years, p<0.01). The Kaplan–Meier event rate curves indicated that major 
bleeding and stroke/systemic embolism werefrequentlyobserved in the 
CKD group (Figure 1). In addition, multiple logistic regression analysis 
was performed inboth groups.In the CKD group, age and previous 
stroke history were independent determinants of stroke/systemic 
embolism, and low body weight had a tendency to be a determinant 
of major bleeding (Table 4).On the contrary, in the non-CKD group, 
age and prior stroke history were independent determinants of stroke/
systemic embolism, and ageand prior bleeding history tended to be 
determinants of major bleeding (Table 4). Concerningeach type of 
DOAC, for all DOACs excludingapixaban, the incidence rates of major 
bleeding and stroke/systemic embolism in the non-CKD group were 
comparable to those in the CKD group. In contrast, for apixaban, the 
incidence rate of stroke/systemic embolism tended to be higher in the 
CKD group than in the non-CKD group (3.8 vs. 1.6 per 100patient-
years, p=0.03).

Discussion
The major findings of this study were as follows:(1) The incidence of 

major bleeding and stroke/systemic embolismwas higher in patients 
with CKD than in those without CKD.(2) Multivariate analyses 
revealed that low body weight tended to be a predictor of major 
bleeding, whereas age was a predictor of stroke/systemic embolism in 
the CKD group.(3) Only patients with CKD on apixaban treatment 
had a significantly higher incidence of stroke/systemic embolism than 
those without CKD.
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and clinical outcome of DOAC prescription, including the rate of use 
of appropriate doses among patients with AF and CKD.Therefore, 
these limitationswarrant future studies involving larger populations 
with long-term follow-up.

Conclusions
Patients with CKD were characterized by factors that predisposed 

them to major bleeding and thromboembolic events, such as older age 
and low body weight. In a single-center registry, only treatment with 
apixaban in the CKD group led toa higherincidence of thromboembolic 
events, indicating the importance of the use of an appropriate dose.
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dose might lead to increased safety but decreased effectiveness 51. 

The renal clearance ratio of apixaban is approximately 25% 52. 
Asub-analysis of ARISTOTLE trial datarevealed that treatment 
with apixaban led to an apparent reduction in the incidence of major 
bleeding in patients with creatinine clearance <50mL/min compared 
to treatment with vitamin K antagonists. Thus, apixaban prescription 
might be logicallyeffective in patients with CKD. However, the use 
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to be predisposed to major bleeding,as mentionedearlier; additionally, 
themanufacturer’s label recommendations for the reduceddose of 
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Limitations
This study has several limitations. First, although this study was 

retrospective in design, data on clinical outcomes, including those 
at 2-year follow-up interval, were prospectively collected from 
all patients. However, propensity score matching was not adopted 
because the number of patients greatly varied for the four DOACs.
Therefore, the impact of renal function on clinical events remains 
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Introduction
Patients with mitral regurgitation (MR) commonly develop atrial 

fibrillation (AF), and AF is present in up to 40% of people referred 
for mitral valve surgery.1 Worldwide, valvular heart disease is the most 
common comorbid condition associated with longstanding persistent 
AF.2 The prevalence of moderate or greater MR in the United States 
has been estimated to be between 1-2% of the adult population.3 AF in 
patients with MR has been associated with increased risk of all-cause 
mortality, stroke, and other cardiovascular morbidity.4 As such, the 
onset of AF is a Class IIa indication for mitral valve surgery as long as 

there is at least a 95% likelihood of successful repair and less than 1% 
predicted risk of mortality.5 Despite its common occurrence and poor 
prognostic impact in these patients, the mechanism of AF in patients 
with MR has not been well described, nor have any electrophysiologic 
predictors of AF been identified.  Invasive mapping of patients with 
MR in small series has shown local electrophysiological characteristics, 
including conduction slowing and conduction heterogeneity in the left 
atrial posterior wall (LAPW),that may be a putative substrate for AF 
in this population.6 The existence of atrial enlargement, conduction 
heterogeneity and prolonged activation times in severe MR associated 
with AF has recently been replicated in an chronic animal model of 
severe MR.7 These changes have been associated with fibrosis andaltered 
histological architecture in experimental heart failure models.8

In patients referred for mitral valve surgery, surgeons have an 
opportunity to perform concomitant AF surgical ablation. However, 
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Abstract
Objective: Patients with severe mitral regurgitation commonly develop atrial fibrillation. The precise mechanisms of this relationship 

remain unknown.  The objective of this study was to apply noninvasive electrocardiographic imagingof the atria during sinus rhythm to 
identify changes in atrial electrophysiology that may contribute to development of atrial fibrillation in patients with severe mitral regurgitation 
referred for mitral valve surgery.

Methods: Twentysubjects (9 atrial fibrillation and mitral regurgitation, 11 mitral regurgitation alone) underwent electrocardiographic 
imaging. Biatrial electrophysiology was imaged with activation maps in sinus rhythm. The reconstructed unipolar electrograms were 
analyzed for voltage amplitude, number of deflections and conduction heterogeneity. In subjects with mitral regurgitation, left atrial biopsies 
were obtained at the time of surgery. Results: Subjects with history of atrial fibrillation demonstrated prolonged left atrial conduction times 
(110±25 ms vs.mitral regurgitation alone (85±21), p=0.025); right atrial conduction times were unaffected. Variable patterns of conduction 
slowing were imaged in the left atria of most subjects, but those with prior history of atrial fibrillationhad more complex patterns of conduction 
slowing or unidirectional block. The presence of atrial fibrillation was not associated with the extent of fibrosis in atrial biopsies.

Conclusions: Detailed changes in sinus rhythm atrial electrophysiology can be imaged noninvasively and can be used to assess the 
impact and evolution of atrial fibrillationon atrial conduction properties in patients with mitral regurgitation. If replicated in larger studies, 
electrocardiographic imaging may identifypatients with mitral regurgitation at risk for atrial fibrillation and could be used to guide treatment 
strategies.
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there remains little mechanistic information to guide the appropriate 
ablation strategies and there remains considerable controversy 
regarding the correct lesion set.9 Most surgical ablation procedures 
are derived from one of two archetypes: the Cox-Maze procedure 
andpulmonary vein isolation. The Cox-Maze procedure was developed 
in 1987andoriginally consisted of a mazelike pattern of surgical incisions 
in both atria.10-13 This pattern of lesions was designed to interrupt 
macro-reentrant circuits, preventing atrial fibrillation.  The Cox-Maze 
procedure has been modified to be performed using radiofrequency 
ablation and cryoablation devices, but still requires cardiopulmonary 
bypass.14 The Cox-Maze procedure has been associated with freedom 
from atrial fibrillation and anti-arrhythmic drugs over 80%  at one 
yearin patients with mitral valve disease in retrospective studies from 
high-volume centers15, 16 and has been associated with improved long-
term survival in a propensity-matched retrospective study.17 Pulmonary 
vein isolation was first described using endocardial catheters in 1998 
and has shown to be effective treatment for AF arising from focal 
sources in the pulmonary vein ostia.18Surgical pulmonary vein 
isolation continues to be used to treat patients with AF referred for 
mitral valve surgery despite scant evidence of long-term effectiveness 
of pulmonary vein isolation alone in this population. There have been 
case series reporting outcomes in patients with AF and valvular heart 
disease.Gaita and colleagues reported only a 20% freedom from AF 
and antiarrhythmic drugs at 24 months with PVI alone.19  Additional 
left atrial lesions in a “U” or “7” configuration were associated with 
57% freedom from atrial fibrillation and antiarrhythmic drugs at 24 
months.  In the CTSNet trial of surgical ablation in patients with mitral 
valve disease, Gillinov and colleagues reported better results, with 61% 

freedom from AF at 6 and 12 months with pulmonary vein isolation.20 
However, 13% of patients in the ablation group were taking class I or 
III antiarrhythmic drugs at 12 months. Saint and colleagues showed 
that omission of even a single lesion from the left atrial posterior wall 
isolation in the Cox-Maze IV procedure in patients with mitral valve 
disease was associated with six-fold increased odds of recurrent atrial 
fibrillation.21

Electrocardiographic imaging (ECGI) was firstsuccessfully usedfor 
noninvasively mapping human arrhythmias in 2004and has since been 
utilized to map normal and abnormal ventricular activation, ventricular 
repolarization, and atrial fibrillation.22-25 Although noninvasive atrial 
activation mapping using ECGI in normal sinus rhythm (SR)has been 
described,23, 26, 27 this technique has not been used to characterizeSR 
atrial activation in patients with structural heart disease. Indeed, 
most studies in the literature describe mapping a “sinus” or regular 
supraventricular rhythm as proof of concept to validate EGCI mapping, 
or focus on atrial flutter, atrial fibrillation or atrial tachycardia.

The present study examined the use of noninvasive ECGI to examine 
SR atrial activation in patients with moderate or greater MRreferred 
for valve surgery with and without AF. The results in these patientswere 
compared to a cohort of healthy volunteers. The goal of this study was to 
identify and describe the electrophysiological substrates that lead to AF 
in patients with MR by comparing subjects with moderate-to-severe 
MR referred for surgery with and without AF. This was accomplished 
by analyzing atrial geometry, activation maps, electrogram amplitudes, 
electrogram deflection counts, and conduction heterogeneity between 
groups.

Material and Methods
Study Population

The Washington University Biomedical Institutional Review 
Board approved the protocol for this study.  All participantsgave 
written informed consent.  This study included data from a total of 
twentysubjects, who were divided into two groups.  Nine subjects with 
moderate or greater MR and a history of AF underwent ECGI while 

Figure 1:

Data processing scheme.  Data shown are from a normal 
volunteer imaged previously.  A.  Usable torso signals identified 
after low-and high-pass filtering and semi-automated rejection.  
B. Rejected torso signals.  C.  Scatterplot showing torso
positions of used (blue) and rejected (red) nodes.  D.  Final torso
potentials after P-wave selection and semi-automated rejection.
E. Epicardial potentials calculated using inverse reconstruction.
F. Epicardial potentials (initial time point) projected onto bi-atrial 
mesh.

Table 1: Demographics and medical history.

MR without AF AF and MR p

n 11 9

Atrial Fibrillation Type (%)

     None 11 (100.0) 0 (0.0)

     Paroxysmal 0 (0.0) 8 (88.9)

     Persistent 0 (0.0) 1 (11.1)

Age (mean (sd)) 59 (12) 70 (9) 0.028

Male gender (%) 4 (36) 5 (56) 0.684

Weight (kg, mean (sd)) 73 (16) 67 (10) 0.285

Height (cm, mean (sd)) 168 (14) 167 (10) 0.885

Hypertension (%) 7 (63.6) 5 (55.6) 1.000

Antiarrhythmic Drug (%) 0.086

     Amiodarone and 
Metoprolol

0 (0.0) 1 (11.1)

     Atenolol 0 (0.0) 1 (11.1)

     Diltiazem 0 (0.0) 1 (11.1)

     Diltiazem and Flecainide 0 (0.0) 1 (11.1)

     Metoprolol 4 (36.4) 2 (22.2)

     None 7 (63.6) 1 (11.1)

     Sotalol 0 (0.0) 2 (22.2)

NYHA Class (%) 0.395

I 2 (18.2) 2 (22.2)

II 7 (63.6) 4 (44.4)

III 0 (0.0) 2 (22.2)

IV 2 (18.2) 1 (11.1)

AF and MR, mitral regurgitation with history of atrial fibrillation; MR, mitral regurgitation; NYHA, 
New York Heart Association.  Data are presented as mean (standard deviation) except where noted.
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in the MATLAB environment (Mathworks, Natick, MA, USA).  Data 
were preprocessed by first eliminating channels in poor contact using a 
±5 mV threshold, filtering with a 2nd-order low-pass Butterworth filter 
with cutoff frequency 25 Hz to reduce noise and a 1st-order high-pass 
Butterworth filter with cutoff frequency 0.5 Hz to reduce baseline drift. 
Channels in poor contact lying significantly outside the envelope of the 
other channels were excluded in a semi-automated fashion.  ECGI was 
used to reconstruct atrial electrograms using the technique previously 
described by Ramanathanand colleagues.23  The overall sequence of 
processing is shown in Figure 1.

The maximum negative derivative (-dV/dt) method for determining 
activation times was implemented but was found to produce spatially 
incoherent results, likely due to far-field signals.  Therefore, a 
discrete wavelet transform was used to detect each deflection in the 
reconstructed electrogram.24, 28 If a single deflection was identified 
within the manually defined P-wave window, the maximum negative 
derivative was used to determine the activation time at that point.  
If multiple deflections were identified, comparison to neighboring 
points with solitary deflections within the manually defined P-wave 
window was used to resolve multiple putative activations.29 Isochronal 
activation maps were generated.  Total, left and right atrial conduction 
times were manually determined.  The total atrial conduction time was 
the difference between the earliest and latest activation times on the 
bi-atrial surface.  Left and right atrial conduction times were defined 
as the difference between the earliest and latest activation times on the 
left and right atrial surfaces, respectively.  Activation times were verified 
by manual examination of electrogram morphology.

Signal amplitude was calculated at each point by finding the 
difference between the maximum and minimum electrical potential 
during the P-wave window.  Conduction heterogeneity was calculated 
as the distance-normalized maximum phase difference between each 
point and its neighbors.30  The heterogeneity index (coefficient of 
variation, defined as the absolute value of the difference between the 
5thand 95th percentiles divided by the median) was calculated.30

Surgical Techniques
Subjects with MR and no history of AF underwent mitral valve 

repair (n=10) or replacement (n=1) via a minimally invasive right 
mini-thoracotomy approach (n=10) or median sternotomy (n=1).  

in sinus rhythm (MR and AF).  The second group consisted of eleven 
subjects with moderate or greater MR and no history of AF(MR alone). 
All of the subjects had isolated degenerative or calcific mitral valve 
disease. None of the patients had associated coronary artery disease or 
other valvular pathology.  Subjects who had previous cardiac surgery 
or catheter ablation were excluded from the study, as were any subjects 
who were minors, pregnant, prisoners, or undergoing urgent, emergent 
or emergent salvage procedures. 

Electrocardiographic Imaging (ECGI)
Each subject underwent 256-channel body surface potential 

mapping in SR using a commercially available mapping system 
(ActiveTwo, BioSemi, Amsterdam, Netherlands).  Lead locations and 
atrial geometry were determined by manual segmentation of computed 
tomography (CT) scans using commercial software (Amira, FEI, 
Hillsboro, OR, USA).  Analysis was performed using custom scripts 

Figure 2:

Activation maps: (A) MR (B) AF and MR. Earliest activation is set 
as time zero; activation times are shown in ms.  Amplitude maps: 
(C) MR (D) AF and MR.  AF and MR displays increased variation in 
electrogram amplitude.  Number of deflections: (E) MR (F) AF and 
MR.  MR displays higher numbers of deflections in a consistent 
location in the left atrial posterior wall; in AF and MR, the pattern 
is less predictable.  Inhomogeneity maps: (G) MR (H) AF and MR.
Calculated inhomogeneity delineates lines of conduction slowing 
or block.  The pattern of conduction slowing is much more
complex in AF and MR than in MR.  IVC, inferior vena cava.  LAA,
left atrial appendage.  LIPV, left inferior pulmonary vein.  RAA,
right atrial appendage.  RSPV, right superior pulmonary vein

Figure 3:

Electrogram progression across line of conduction block 
from a normal volunteer.  Four electrograms crossing a line of 
conduction block in the left atrial posterior wall are shown in 
blue; activation time is shown by red vertical lines.  Electrograms 
A and B display significantly earlier activation than C and D, and 
there is a progression of electrogram morphology across the line 
of block

Table 2: Echocardiographic characteristics.

MR without AF AF and MR p

n 11 9

Left ventricular ejection 
fraction (mean (sd))

67.91 (6.99) 64.44 (7.57) 0.302

Left atrialdiameter (cm, mean 
(sd))

4.54 (1.04) 4.75 (1.42) 0.705

Mitral regurgitation grade (%) 0.288

     Moderate 2 (18.2) 4 (44.4)

     Moderate-Severe 6 (54.5) 2 (22.2)

     Severe 3 (27.3) 3 (33.3)

Left ventricular end-diastolic 
diameter (cm, mean (sd))

5.04 (0.71) 4.76 (0.70) 0.388

AF and MR, mitral regurgitation with history of atrial fibrillation; MR, mitral regurgitation.  Data are 
presented as mean (standard deviation) except where noted.
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Preoperative transthoracic or transesophageal echocardiography was 
performed for each subject, as determined by the treating physician.  
There were no significant differences in left atrial size or left ventricular 
function in subjects with versus without AF (Table 2).

Electrocardiographic Imaging
Subjects with AF and MR had prolonged left atrial conduction 

times, 110±25 ms compared with MR (85±21, p=0.025), as shown 
in Table 3.  There was no significant difference in total or right atrial 
conduction time or in atrial size. Representative activation maps are 
shown in Figure 2, panels A and B.  

There were no significant differences between groups in electrogram 
amplitude or in the pointwise standard deviation of electrogram 
amplitude (Table 3).  Representative amplitude maps are shown 
in Figure 2, panels C and D.  In patients with MR without AF, a 
consistent region of multiple deflections was observed in the left atrial 
posterior wall (Figure 2, panels E and F).  This degree of organization 
was not present in subjects with AF and MR.  There was no difference 
in conduction heterogeneity (0.97±0.36ms/mmAF and MR, 1.17±1.02 
ms/mm MR without AF, p=0.58).  Pointwise heterogeneity maps were 
useful for identification of areas of conduction block and slowing; 
examples are shown in Figure 2, panels G and H.  Lines of conduction 
block or delay in the left atrial posterior wall were seen in 7/9 subjects 
with AF and MR and in 8/11 subjects with MR without AF, p=1).  
Electrogram progression across a line of block in a previously imaged 
healthy volunteer is shown in Figure 3.

Table 3: Atrial electrophysiology and anatomy.

MR without 
AF

AF and MR p

n 11 9

Total atrial conduction time (ms) 97 (19) 112 (24) 0.146

Left atrial conduction time (ms) 85 (21) 110 (25) 0.025

Right atrial conduction time (ms) 65 (17) 70 (25) 0.657

Mean peak-to-peak amplitude (µV) 138 (68) 158 (71) 0.661

Pointwise standard deviation of peak-to-peak 
amplitude (µV)

116 (43) 17.13 1

144 (53) 0.153 1

Biatrial surface area (cm2) 271 (84) 292 (51) 0.825

Biatrial volume (mL) 271 (114) 316 (94) 0.750

Number of deflections in P-wave window (%) 0.540

0 1.67 (1.35) 1.33 (1.43) 0.206

1 58.54 (15.99) 58.78 (22.32) 0.520

2 36.22 (13.33) 33.59 (17.20) 0.757

≥ 3 3.57 (5.60) 6.31 (12.78) 0.362

Pointwise median heterogeneity (ms/mm) 1.17 (1.09) 0.85 (0.41) 0.633

Heterogeneity variation coefficient (index) 18.29 (10.74) 14.41 (7.71) 0.892

Figure 4:
Histopathology: (A) MR (B) AF and MR.  Masson’s trichrome.  MR 
exhibits normal muscle fiber architecture and orientation; AF and 
MR exhibits interstitial fibrosis.

AF and MR, mitral regurgitation with history of atrial fibrillation; MR, mitral regurgitation.  Data are 
presented as mean (standard deviation) except where noted.

Ring annuloplasty was performed in each repair, with complex 
repair techniques performed at the discretion of the operating 
surgeon(RJD).31 Subjects with AFandMR underwent mitral valve 
repair with concomitant surgical ablation using the Cox-Maze IV 
procedure via a right mini-thoracotomy approach (n=8) or median 
sternotomy (n=1).14, 32

Histopathology
During each operation, a left atrial biopsy was obtained from 

the margin of the atriotomy in Waterston’s groove.  The specimens 
were fixed with 10% formalin for 24-48 hours, embedded in paraffin 
and stained with Masson’s trichrome.  Bright-field microscopy was 
performed at 40X magnification.  Fibrosis was quantified by identifying 
blue-stained pixels (blue intensity > 1.2*[red intensity]).33

Statistical Analysis
For continuous variables, Student’s t-test was performed.For 

categorical variables, Fisher’s exact test was performed.  Statistical tests 
were performed using R version 3.4.1 (R Foundation for Statistical 
Computing, Vienna, Austria).  A two-tailed P-value < 0.05 was 
considered significant.

Results
Baseline Characteristics

Baseline characteristics and medical history are shown in Table 
1.  Subjects with AF and MR were significantly older than those 
with MR (p=0.03). There was no significant difference in gender, 
height or weight. Four of the nine subjects with MR and AF were 
on antiarrhythmic medication at the time of mapping (2 sotalol, 1 
flecainide, 1 amiodarone). Four subjects in the MR alone group were 
taking a beta-blocker at the time of mapping; the remainder were on 
no antiarrhythmic drugs.  There was no difference in the prevalence of 
hypertension or in severity of symptoms between subjects with MR 
with or without AF.  
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develop electrophysiological descriptors to allow comparison of 
maps between subjects.  The use of activation times alone results in 
discarding a majority of the information contained within the signal, 
which is already attenuated to some degree by the use of digital signal 
processing to reduce noise.  Our use of peak-to-peak amplitude was 
a rudimentary attempt to derive additional information beyond the 
activation mapping typically used.  Mathematical transformations of 
the activation map such as the phase map for fibrillation, have been 
previously described and used for mapping of AF; the use of such 
techniques to guide ablation is currently controversial.28, 38

Conduction heterogeneity, sometimes referred to as inhomogeneity, 
is simply a mathematical transformation of a known activation map 
in SR.  The projection of this value onto the atrial surface, combined 
with review of activation movies, may prove to be useful for identifying 
lines of conduction block.  Activation mapping for identification of 
hypothesized “driver domains” has been applied for this purpose.39

The fact that differences in atrial fibrosis, measured by trichrome 
staining, did not reach statistical significance is likely due to a 
combination of the small sample size, heterogeneity in the subject 
population and sampling error.  A single biopsy of the left atrial wall 
near the right pulmonary veins is not necessarily diagnostic of atrial 
fibrosis, which has been shown to be heterogeneously distributed on 
imaging studies both in our laboratory and by others.40  Biopsies at other 
sites, such as the left atrial posterior wall, may have produced different 
results.  Our laboratory has previously shown a significant increase in 
atrial fibrosis in a preclinical model of mitral regurgitation.7  Cardiac 
magnetic resonance imaging may be helpful in localizing areas of atrial 
fibrosis, and this could be correlated with ECGI abnormalities.40

The presence of lines of conduction slowing or block in the posterior 
left atrial wall was unexpected.  These areas were associated with 
areas of multiple deflections in the posterior left atrial wall.  Careful 
inspection shows consistent electrogram morphology and activation 
time determination across these lines of conduction slowing or 
block.  This phenomenon has been observed by others using direct 
contact mapping.6, 41  This phenomenon may explain the known 
arrhythmogenicity of the LAP Wand its critical role in interventions 
for AF.42 It may also explain why pulmonary vein isolation is not 
effective long-term in this population in our experience.43 Others 
have shown that artificial lines of conduction block related to rapidly 
changing electrograms near the interventricular septum have been 
identifiedas an artifact of ECGI of the ventricles.29 However, others 
have described conduction delay and block in the LAPW and, as here, 
identified similar patterns in epicardial mapping of patients during 
surgery.44

This study has several limitations.  First, the relatively small sample 
size necessitates that any application of these findings be made with 
caution.  Second, although efforts were made to systematize and 
automate as much of the ECGI analysis as possible, this technique 
remains operator-dependent.  Specific technical aspects of operating 
specialized equipment, operator-dependent manual segmentation of 
the atria on computed tomography slices, the use of custom software, 
and operator-dependent window selection and reconstruction limit 
the potential application of these techniques.  Further development 

Histopathology
There was no difference in fibrosis in left atrial biopsy specimens from 

subjects with AF and MR compared with those with MR (19±9% vs. 
15±12%, p=0.4).  Representative images are shown in Figure 4.

Discussion
In this study, noninvasive ECGI was used to characterize atrial 

activation abnormalities in patients with MR referred for surgery, with 
and without a history ofAF.  Subjects with AF were found to have 
prolonged left atrial conduction timesand more complex conduction 
slowing with unidirectional conduction block when compared with 
those with MR and no history of AF.  These findings on noninvasive 
ECGI describe a potential substrate for AF in patients with MR.  The 
present study was observational in nature and was intended to generate 
hypotheses for future research.  

This study is unique for several reasons.  First, the study population 
includes only patients with MR in the absence of other structural 
cardiac disease.  Second, the subjects with AF included in this study 
were able to be rhythm controlled at the time of mapping.  Most 
previous studies using noninvasive mapping have primarily studied 
subjects with persistent AF.  The mapping of patients in SR resulted 
in much higher signal-to-noise ratio and less subjective interpretation 
of focal activation patterns than mapping patients in AF due to higher 
electrogram amplitudes and less complicated conduction patterns.  
Moreover, to develop a predictive algorithm we needed to identify 
changes in SR that will be helpful in delineating patients who may 
develop future AF.  Third, the present study used noninvasive panoramic 
mapping (ECGI) rather than invasive endocardial or epicardial 
mapping.  This would allow for the identification of atrial conduction 
patterns during the preoperative CT or MRI scans which are normally 
obtained prior to minimally invasive valve surgery. Furthermore, the 
present study demonstrated the utility of electrophysiological metrics 
besides activation patterns alone for comparing noninvasively obtained 
maps.  Finally, an attempt was made to associate the results with the 
histopathology of the biopsied left atrium.

Patients with MR are known to be at high risk for developing AF.4 

Subjects with AF and MR were found to have complex conduction 
slowing, primarily in the left atrium, as well as unidirectional lines of 
conduction slowing or block.  These alterations in conductiondescribe 
a substrate potentially capable of fibrillation.  The overall activation 
patterns were similar to those identified in previous studies of patients 
with valvular heart disease using direct contact mapping.34

Most studies of noninvasive mapping of atrial activation have 
focused on activation and phase mapping of atrial fibrillation.24, 26, 

29, 35, 36  Although activation mapping is a first priority in invasive and 
noninvasive cardiac mapping, quantification of other parameters may 
provide insights into diagnosis and treatment.  Before the advent of 
echocardiography, 12-lead electrocardiography was commonly used for 
this purpose.  Indeed, research into the effects of pulmonary edema and 
other physiologic abnormalities on body surface electrocardiograms was 
an early step which led to the development of ECGI.37

Given the relatively sparse literature regarding appropriate 
metrics for analysis of SR atrial ECGI data, it was necessary to 
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Click for 
Video 1 :

Activation movie, MR.  Four projections are shown.  Activation 
begins on lateral right atrium near Waterston’s groove, then 
proceeds across left atrial roof.  A second wave front begins at the 
anterior right atrium and activates its free wall.  Two wave fronts, 
one from the left and one from the right, converge to activate the 
inferior portions of the right and left atria.  Blue denotes tissue 
prior to activation, red denotes wave front, green denotes tissue 
after activation.

Click for 
Video 2 :

Activation movie, AF and MR.  Activation begins on the left atrial 
roof and spreads to the area of the right pulmonary veins.  The 
right atrial free wall is activated retrograde while a portion of 
the left atrial posterior wall is activated from above.  The right 
atrial free wall wave then proceeds across Bachmann’s bundle.  
A final wave front activates the remaining left atrial tissue.  Blue 
denotes tissue prior to activation, red denotes wave front, green 
denotes tissue after activation.



www.jafib.com Aug-Sep 2020, Volume-13 Issue-2

Featured ReviewJournal of Atrial Fibrillation Featured ReviewJournal of Atrial Fibrillation39 Original Research
Physiol. 1990;259:H1254-1263.

31. Carpentier A. Cardiac valve surgery--the “French correction”. The Journal of thoracic
and cardiovascular surgery. 1983;86:323-337.

32. Robertson JO, Saint LL, Leidenfrost JE, Damiano RJ, Jr. Illustrated techniques for 
performing the Cox-Maze IV procedure through a right mini-thoracotomy. Ann
Cardiothorac Surg. 2014;3:105-116.

33. Kennedy DJ, Vetteth S, Periyasamy SM, Kanj M, Fedorova L, Khouri S, Kahaleh MB, 
Xie Z, Malhotra D, Kolodkin NI, Lakatta EG, Fedorova OV, Bagrov AY, Shapiro 
JI. Central role for the cardiotonic steroid marinobufagenin in the pathogenesis of 
experimental uremic cardiomyopathy. Hypertension. 2006;47:488-495.

34. Mouws E, Lanters EAH, Teuwen CP, van der Does L, Kik C, Knops P, Yaksh A, 
Bekkers JA, Bogers A, de Groot NMS. Impact of Ischemic and Valvular Heart
Disease on Atrial Excitation:A High-Resolution Epicardial Mapping Study. J Am 
Heart Assoc. 2018;7.

35. Cuculich PS, Wang Y, Lindsay BD, Vijayakumar R, Rudy Y. Noninvasive real-time 
mapping of an incomplete pulmonary vein isolation using electrocardiographic
imaging. Heart Rhythm. 2010;7:1316-1317.

36. Lim HS, Hocini M, Dubois R, Denis A, Derval N, Zellerhoff S, Yamashita S, Berte 
B, Mahida S, Komatsu Y, Daly M, Jesel L, Pomier C, Meillet V, Amraoui S, Shah
AJ, Cochet H, Sacher F, Jais P, Haissaguerre M. Complexity and Distribution of
Drivers in Relation to Duration of Persistent Atrial Fibrillation. J Am Coll Cardiol. 
2017;69:1257-1269.

37. Rudy Y, Wood R, Plonsey R, Liebman J. The effect of high lung conductivity
on electrocardiographic potentials. Results from human subjects undergoing
bronchopulmonary lavage. Circulation. 1982;65:440-445.

38. Narayan SM, Krummen DE, Shivkumar K, Clopton P, Rappel WJ, Miller JM. 
Treatment of atrial fibrillation by the ablation of localized sources: CONFIRM
(Conventional Ablation for Atrial Fibrillation With or Without Focal Impulse and 
Rotor Modulation) trial. J Am Coll Cardiol. 2012;60:628-636.

39. Haissaguerre M, Hocini M, Denis A, Shah AJ, Komatsu Y, Yamashita S, Daly M, 
Amraoui S, Zellerhoff S, Picat MQ, Quotb A, Jesel L, Lim H, Ploux S, Bordachar P, 
Attuel G, Meillet V, Ritter P, Derval N, Sacher F, Bernus O, Cochet H, Jais P, Dubois 
R. Driver domains in persistent atrial fibrillation. Circulation. 2014;130:530-538.

40. Marrouche NF, Wilber D, Hindricks G, Jais P, Akoum N, Marchlinski F, Kholmovski 
E, Burgon N, Hu N, Mont L, Deneke T, Duytschaever M, Neumann T, Mansour
M, Mahnkopf C, Herweg B, Daoud E, Wissner E, Bansmann P, Brachmann J. 
Association of atrial tissue fibrosis identified by delayed enhancement MRI and
atrial fibrillation catheter ablation: the DECAAF study. JAMA. 2014;311:498-506.

41. Nitta T, Ishii Y, Miyagi Y, Ohmori H, Sakamoto S, Tanaka S. Concurrent multiple 
left atrial focal activations with fibrillatory conduction and right atrial focal or
reentrant activation as the mechanism in atrial fibrillation. J Thorac Cardiovasc
Surg. 2004;127:770-778.

42. Voeller RK, Bailey MS, Zierer A, Lall SC, Sakamoto S, Aubuchon K, Lawton JS, 
Moazami N, Huddleston CB, Munfakh NA, Moon MR, Schuessler RB, Damiano 
RJ, Jr. Isolating the entire posterior left atrium improves surgical outcomes after the 
Cox maze procedure. J Thorac Cardiovasc Surg. 2008;135:870-877.

43. Henn MC, Lancaster TS, Miller JR, Sinn LA, Schuessler RB, Moon MR, Melby SJ, 
Maniar HS, Damiano Jr RJ. Late outcomes following the Cox-Maze IV procedure 
for atrial fibrillation. J Thorac Cardiovasc Surg. 2015.

44. Lanters EAH, Yaksh A, Teuwen CP, van der Does L, Kik C, Knops P, van Marion 
DMS, Brundel B, Bogers A, Allessie MA, de Groot NMS. Spatial distribution
of conduction disorders during sinus rhythm. International journal of cardiology. 
2017;249:220-225.

NR, Bloch JB, Moon MR, Damiano RJ, Jr. A prospective, single-center clinical trial 
of a modified Cox maze procedure with bipolar radiofrequency ablation. J Thorac 
Cardiovasc Surg. 2004;128:535-542.

15. Ad N, Holmes SD, Rongione AJ, Badhwar V, Wei L, Fornaresio LM, Massimiano 
PS. The long-term safety and efficacy of concomitant Cox maze procedures for
atrial fibrillation in patients without mitral valve disease. J Thorac Cardiovasc Surg. 
2019;157:1505-1514.

16. Saint LL, Damiano RJ, Jr., Cuculich PS, Guthrie TJ, Moon MR, Munfakh NA, 
Maniar HS. Incremental risk of the Cox-maze IV procedure for patients with
atrial fibrillation undergoing mitral valve surgery. J Thorac Cardiovasc Surg.
2013;146:1072-1077.

17. Musharbash FN, Schill MR, Sinn LA, Schuessler RB, Maniar HS, Moon MR, 
Melby SJ, Damiano RJ, Jr. Performance of the Cox-maze IV procedure is associated 
with improved long-term survival in patients with atrial fibrillation undergoing
cardiac surgery. J Thorac Cardiovasc Surg. 2018;155:159-170.

18. Haissaguerre M, Jais P, Shah DC, Takahashi A, Hocini M, Quiniou G, Garrigue
S, Le Mouroux A, Le Metayer P, Clementy J. Spontaneous initiation of atrial
fibrillation by ectopic beats originating in the pulmonary veins. N Engl J Med. 
1998;339:659-666.

19. Gaita F, Riccardi R, Caponi D, Shah D, Garberoglio L, Vivalda L, Dulio A, 
Chiecchio A, Manasse E, Gallotti R. Linear cryoablation of the left atrium versus 
pulmonary vein cryoisolation in patients with permanent atrial fibrillation and
valvular heart disease: correlation of electroanatomic mapping and long-term clinical 
results. Circulation. 2005;111:136-142.

20. Gillinov AM, Gelijns AC, Parides MK, DeRose JJ, Jr., Moskowitz AJ, Voisine
P, Ailawadi G, Bouchard D, Smith PK, Mack MJ, Acker MA, Mullen JC, Rose
EA, Chang HL, Puskas JD, Couderc JP, Gardner TJ, Varghese R, Horvath KA, 
Bolling SF, Michler RE, Geller NL, Ascheim DD, Miller MA, Bagiella E, Moquete 
EG, Williams P, Taddei-Peters WC, O’Gara PT, Blackstone EH, Argenziano M, 
Investigators C. Surgical ablation of atrial fibrillation during mitral-valve surgery. 
N Engl J Med. 2015;372:1399-1409.

21. Saint LL, Bailey MS, Prasad S, Guthrie TJ, Bell J, Moon MR, Lawton JS, Munfakh 
NA, Schuessler RB, Damiano RJ, Jr., Maniar HS. Cox-Maze IV results for patients 
with lone atrial fibrillation versus concomitant mitral disease. Ann Thorac Surg. 
2012;93:789-794; discussion 794-785.

22. Rudy Y, Messinger-Rapport BJ. The inverse problem in electrocardiography:
solutions in terms of epicardial potentials. Crit Rev Biomed Eng. 1988;16:215-268.

23. Ramanathan C, Ghanem RN, Jia P, Ryu K, Rudy Y. Noninvasive electrocardiographic 
imaging for cardiac electrophysiology and arrhythmia. Nat Med. 2004;10:422-428.

24. Cuculich PS, Wang Y, Lindsay BD, Faddis MN, Schuessler RB, Damiano RJ, Jr., 
Li L, Rudy Y. Noninvasive characterization of epicardial activation in humans with 
diverse atrial fibrillation patterns. Circulation. 2010;122:1364-1372.

25. Barr RC, Ramsey M, 3rd, Spach MS. Relating epicardial to body surface potential 
distributions by means of transfer coefficients based on geometry measurements. 
IEEE Trans Biomed Eng. 1977;24:1-11.

26. Zhou Z, Jin Q, Yu L, Wu L, He B. Noninvasive Imaging of Human Atrial Activation
during Atrial Flutter and Normal Rhythm from Body Surface Potential Maps. PloS 
one. 2016;11:e0163445.

27. Ramanathan C, Jia P, Ghanem R, Ryu K, Rudy Y. Activation and repolarization of 
the normal human heart under complete physiological conditions. Proc Natl Acad 
Sci U S A. 2006;103:6309-6314.

28. Vijayakumar R, Vasireddi SK, Cuculich PS, Faddis MN, Rudy Y. Methodology
Considerations in Phase Mapping of Human Cardiac Arrhythmias. Circ Arrhythm 
Electrophysiol. 2016;9.

29. Duchateau J, Potse M, Dubois R. Spatially Coherent Activation Maps for
Electrocardiographic Imaging. IEEE Trans Biomed Eng. 2017;64:1149-1156.

30. Lammers WJ, Schalij MJ, Kirchhof CJ, Allessie MA. Quantification of spatial
inhomogeneity in conduction and initiation of reentrant atrial arrhythmias. Am J



Paroxysmal Atrial Fibrillation: An Independent Risk Factor for 
Prothrombotic Conditions
Mariya Negreva¹; Krasimira Prodanova2; Ana Zarkova3

1Associate professor at Department of Cardiology, Medical University of Varna, First clinic of cardiology, Varna 
University Hospital “St. Marina”, Varna, Bulgaria. 
2Professor at Faculty of applied mathematics and informatics, Technical University of Sofia, Sofia, Bulgaria. 
3Doctor at National Specialized Hospital for Active Treatment of Hematologic Diseases, Sofia, Bulgaria.

Corresponding Author
Mariya Negreva, MD, PhD
First Clinic of Cardiology, Varna University Hospital “St. Marina”
Hr. Smirneneski bulv. 1, Varna 9000, Bulgaria

Key Words
Paroxysmal Atrial Fibrillation, Risk Factor, Prothrombin Fragment 
1+2, Fibrinopeptide A, Hypercoagulability

Introduction
Atrial fibrillation (AF) remains the most common rhythm disorder 

diagnosed in clinical practice 1. The observed trend for increasing 
incidence is thought to persist in the coming decades, and is therefore 
often considered epidemic 2.  The most significant and debilitating 
complications associated with AF are thromboembolic events. AF 
increases the risk of ischemic stroke from three to five fold and 
significantly worsens its prognosis 3.

A number of studies on thrombus formation in AF identified it as 
a good example fulfilling the Virchow’s triad 4, 5. However, AF-related 
embolic events have been diagnosed in the absence of stasis and/or 
anatomical and structural changes in the left atrium. In this sense, the 
significant systemic changes in haemostasis and coagulation in AF 
patients established over the past two decades are defined as being 

key factors for embolic incidents observed in AF 4, 5. The question is 
whether they are closely associated with the rhythmic disorder itself 
or result from comorbidities. A clearly defined answer to this question 
would be of great clinical importance, especially to determine the 
anticoagulant approach in AF patients. At present, risk scales defining 
precisely anticoagulant therapy in AF integrate factors (diseases) with 
an established procoagulant effect 6. They do not take into account 
the clinical presentation of the arrhythmia itself, which is somewhat 
paradoxical. In this regard, recently published data by Christiensen et 
al. are of interest 7. They performed analysis of the Danish registers, 
involving over 3 million patients over 50 years old, and found that AF 
expression was associated with an increased risk of ischemic stroke, 
transient ischemic attack or systemic thromboembolism in the absence 
of CHA2DS2-VASc risk factors. The authors believe that the disease 
itself has the embologenic significance of one CHA2DS2-VASc risk 
factor. Moreover, Go et al. have shown a relationship between the 
burden (total amount of time in AF) of the arrhythmia and the risk 
of ischemic stroke 8. Even paroxysmal AF (PAF), often considered 
as having a lower risk, compared to non-paroxysmal AF, has a risk of 
ischemic stroke, independent of known embologenic risk factors, that 
increases with the duration of the arrhythmia. Studies have shown 
increased embologenic risk even in device-detected AF, independent of 
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Abstract
Objective It remains unclear whether atrial fibrillation (AF) alone determines systemic changes in hemocoagulation. Our aim was to 

examine the prothrombin fragment F1+2 and fibrinopeptide A (FPA) as early markers of coagulation activity still in the first twenty-four hours 
of paroxysmal AF (PAF) and to correlate them with the arrhythmia onset.

Methods 51 non-anticoagulated patients (26 men, 25 women, aged 59.84±1.6 years) and 52 controls (26 men, 26 women, aged 
59.50±1.46 years) were sequentially selected. F1+2 and FPA plasma levels were measured by enzyme-linked immunoassays.

Results F1+2 was significantly higher in patients (292.61pmol/L±14.03pmol/L vs 183.40pmol/L±8.38pmol/L; p<0.001). FPA was also 
substantially higher (4.47ng/mL±0.25 ng/mL vs 3.09ng/mL±0.15ng/mL, p<0.001). Among the potential predictors for these deviations: 
age, gender, BMI, PAF duration and CHA2DS2-VASc score, it was established that higher F1+2 and FPA plasma levels were independently 
associated only with PAF duration (p<0.05). Moreover, longer episodes were associated with higher values of F1+2 (Adjusted R2 = 0.68) and 
FPA (Adjusted R2 = 0.70).

Conclusion Increased coagulation activity was present still in the first twenty-four hours of PAF clinical presentation. The disease itself was 
associated with increasing hypercoagulability over time, suggesting its importance as an independent risk factor for thromboembolic events.
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other risk factors 9, 10, 11. This has led some authors to suggest a possibility 
of improving stroke risk stratification by combining the rating scale 
with AF presence/duration or burden 11. In this respect, it is appropriate 
to emphasize that the duration of PAF, defined as embologenic in 
studies, is too short. In recent years, data on AF have been presented, 
establishing it as an independently associated risk factor for stroke 
events. It remains unclear whether this fact is related to systemic 
changes in hemocoagulation and to what extent AF expression itself 
is associated with systemic activation of coagulation. This determined 
the aim of our study: to investigate the early markers of coagulation 
activity prothrombin fragment 1+2 (F1+2) and fibrinopeptide A (FPA) 
in the first hours of PAF (up to the 24th hour), and to seek connection 
between them and the manifestation of the rhythmic disturbance.

Material and methods
Study design

The clinical study was conducted at the First Cardiology Clinic of the 
University Hospital in Varna, Bulgaria after approval by the local ethics 
committee (9/14.10.2010). The study was carried out in accordance 
with the Declaration of Helsinki for the period October 2010 – May 
2012 12. Patients with PAF episode duration <24 hours, persistent 
at hospitalization, were screened using the exclusion criteria below: 
diseases and conditions associated with changes in hemocoagulation. 
The participants were selected sequentially. Diagnosis was accepted 
after electrocardiography.

A control group of outpatient volunteers without anamnestic or 
electrocardiographic AF data at the time of screening was also formed. 
Controls were selected on the basis of the exclusion criteria.

The patient and control groups were matched by gender, age, body 
mass index (BMI), deleterious habits, comorbidities and treatment. 
This was incorporated into the study design in order to eliminate the 
possible influence of these factors on the hemostatic profile.

Peripheral venous blood was collected once from each study 
participant to study plasma levels of F1+2 and FPA. In patients, this was 
done immediately after hospitalization and diagnosis, and in controls 
during outpatient examination.

Exclusion criteria:
1. cardiovascular diseases: ischemic heart disease, heart failure, high-

grade and/or uncontrolled hypertension, moderate or severe acquired 
valve defects, cardiomyopathy, implanted device for the treatment of 
rhythm-conduction disorders, inflammatory heart disease, congenital 
heart diseases;

2. other diseases: kidney or liver failure, inflammatory and/or 
infectious diseases, neoplastic and autoimmune diseases, chronic 
pulmonary insufficiency, endocrine disorders (except for non-insulin 
dependent, well-controlled DM type 2); previous thromboembolic 
incidents, bleeding diathesis, miscarriages (for women);

3. intake of hormone replacement therapy, contraceptives, oral 
anticoagulants or antiplatelet drugs, pregnancy, systemic intake of 
analgesics (incl. NSAIDs), obesity with BMI >35;

4. unsuccessful restoration of sinus rhythm with drugs (propafenone) 
(for the patient group)

Study population
A total of 338 patients were screened, from which 51 (26 men and 

25 women) with a mean age of 59.84±1.60 years (31-77 years) were 
sequentially selected. 287 patients were dropped due to exclusion 
criteria. The control group was formed as a result of screening 169 
outpatients who visited their GP for annual check-up. 52 (26 males, 
26 females) were sequentially selected. Their mean age was 59.50±1.46 
years (30-76 years).

Patients and controls were selected for the study after the study 
design was explained in advance and after signing informed consent.

Laboratory procedures
Blood samples were collected in a coagulation 3.2% sodium citrate 

tube (VACUETTE, Greiner Bio-One North America, Inc.) and a 
heparin tube (VACUETTE, Greiner Bio-One North America, Li 
Hep). Subsequently they were centrifuged and the resulting plasma 
was separated and stored strictly according to the manufacturer 

Figure 2: Plasma level of fibrinopeptide A (FPA) measured in ng/mL in 
control and patient groups. 

Figure 1: Plasma level of prothrombin fragment F1+2 (F1+2) measured in 
pmol/L in control and patient groups.
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mean (SE) and categorical variables were expressed as percentage of the 
total group. Normality of distribution was assessed by the Kolmogorov-
Smirnoff test. Two-tailed Student’s t-test for independent samples was 
used to compare quantitative variables. Fisher’s exact or Pearson’s chi-
square tests were used to compare categorical variables and occurrence 
frequency. Values p<0.05 were adopted for statistically significant.

Simple linear regressions were used to determine the associations 
between the values of the coagulation activity markers F1+2 and 
FPA in AF (dependent continuous variables) and the explanatory 
continuous variables age, BMI and PAF duration (time spent in AF 
until hospitalization) (independent variables). The relationships were 
analyzed using the linear equations: 

Yi=a+b*Xj,  i=1,2 and j=1,2,3,

where Yi were the values of dependent variables, Xj – independent 
variables, a and b – parameters of the regression equation.

Associations between F1+2 and FPA plasma levels in AF and the 
categorical independent variables sex and CHA2DS2 – VASc score were 
determined by an analysis of variance (ANOVA).Variables showing a 

requirements in plastic tubes at -20°C for up to 1 month. Quantitative 
determination of F 1+2 in plasma was performed by an enzyme-
linked immunoassay technique (F1+2 enzyme (monoclonal) Siemens 
Healthcare Diagnostics Products GmbH, Marburg, Germany). A 
competitive enzyme-linked immunosorbent assay was used to 
determine plasma FPA levels (ELISA FPA, USCN Life Science, 
Wuhan, China).

Each indicator was examined twice and the arithmetic mean was 
taken into account.

Statistical analysis
All analyses were conducted using STATISTICA 13.3.0, StatSoft 

Inc, USA. 

Continuous variables were expressed as mean ± standard error of the 

Figure 3:
The mean values and 95% confidence limits of F1+2 plasma 
levels in women and men with PAF (0-values in women; 1- values 
in men)

Table 1: Clinical characteristics of the participants.

Patients with 
PAF

Control group Р values

Number of participants 51 52 р=0.89

Mean age (years) 59.84±1.60 59.50±1.46 p=0.87

Men/Women 26/25 26/26 р=1/р=0.93

Accompanying diseases

Hypertension
Diabetes mellitus type 2

37 (72.54%)
3 (5.88%)

34 (65.38%)
2 (3.84%)

р=0.44
р=0.62

Dyslipidemia 4 (7.84%) 3 (5.77%) р=0.69

Medicaments for Hypertension 
and Dyslipidemia

Beta blockers
АСЕ inhibitors
Sartans
Statins

19 (37.25%)
15 (29.41%)
11 (21.57%)
4 (7.84%)

17 (32.69%)
14 (26.92%)
9 (17.31%)
3 (5.77%)

р=0.62
р=0.78
р=0.58
р=0.69

Deleterious habits

Smoking
Alcohol intake

8(15.69%)
7(13.72%)

7(13.46%)
6(11.53%)

p=0.75
р=0.74

BMI (kg/m2) 23.85±0.46 24.95±0.45 p=0.09

CHA2 DS2 –VASc score

Number of patients with score < 2 
Number of patients with score ≥ 2

25
26

No score

Table 2: Echocardiographic parameters of the participants.

Patients with PAF Control group Р values

Echocardiographic indicators

LVEDD (mm) 52.57±0.58 52.29±0.57 p=0.73

LVESD (mm) 34.43±0.56 34.73±0.48 р=0.69

EF (%) 62.98±0.70 61.54±0.58 р=0.12

IVS (mm) 10.37±0.23 9.92±0.26 р=0.20

PW (mm) 10.24±0.21 9.73±0.28 р=0.16

LA volume  (ml/m²) 22.81±0.45 23.82±0.48 р=0.13

RVEDD (mm) 30.54±1.58 29.17±1.52 p=0.18
Figure 4:

The mean values and 95% confidence limits of FPA plasma levels 
in women and men with PAF (0-values in women; 1- values in 
men).
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(Table 4). Based on R2, 70.32% of the variation in FPA values were 
explained by the PAF duration values.

ANOVA analysis showed no differences between men and women 
with PAF with respect to plasma F1+2 levels (290.70 pmol/L±21.76 
pmol/L vs 294.35 pmol/L±18.30 pmol/L; F-statistics p>0.05) and FPA 
(4.46 ng/mL ± 0.39 ng/mL vs 4.48 ng/mL±0.32 ng/mL; F-statistic 
p>0.05) (Figure 3 and Figure 4).

Results concerning CHA2DS2 – VASc score as a predictor for F1+2 
and FPA values in PAF are shown in Figure 5 and Figure 6. There 
was no difference in F1+2 values between patients with CHA2DS2 
– VASc<2 and CHA2DS2 – VASc≥2 (290.69 pmol/L±18.66 pmol/L
vs 294.37 pmol/L±21.22 pmol/L; F-statistic > 0.05) as well as in
FPA values (4.42 ng/mL±0.33 ng/mL vs 4.52 ng/mL±0.38 ng/mL;
F-statistic p>0.05).

Table 3:
Univariate analysis showing the association between F1+2 plasma 
level in AF and independent variables age, BMI and PAF duration.

Xj a*
p-value

B* 
p-value

R** R2 ***

Age (years) 260,59
0,05

0,53
0,67

0,06 0,001

BMI (kg/m2) 259,42
0,05

1,39
0,75

0,05 0,002

PAF duration (hours) 167,68
<0,001

15,31
<0,001

0,83 0,68

Table 4: Univariate analysis showing the association between FPA plasma 
level in AF and independent variables age, BMI and PAF duration.

Xj a*
p-value

b*
p-value

R** R2 ***

Age (years) 3,93
0,005

0,009
0,69

0,06 0,003

BMI (kg/m2) 3,71
0,05

0,03
0,68

0,06 0,003

PAF duration (hours) 2,22
<0,001

0,28
<0,001

0,84 0,70

*a and b – estimated parameters of the regression equation; ** - values of the correlation 
coefficient R; *** - value of the coefficient of determination R2 (as an overall measure of model 
goodness-of-fits) for variable F1+2)

*a and b – estimated parameters of the regression equation; ** - values of the correlation 
coefficient R; *** - value of the coefficient of determination R2 (as an overall measure of model 
goodness-of-fits) for variable FPA)

level of association p<0.05 were considered as prognostic.

Results
Study participants

No statistically significant difference was found between the two 
groups in terms of age, gender, accompanying diseases, treatment, 
deleterious habits and BMI (p> 0.05) (Table 1). 

No difference was also found in transthoracic echocardiography 
indicators (p> 0.05) (Table 2).

The statistical analysis showed that patients were hospitalized 
between the 2nd and the 24th hour of the onset of the arrhythmia, 
most often at the 5th hour. The mean duration of episodes before  
hospitalization was 8.14±0.76 hours.

Atrial fibrillation and blood coagulation activity markers
Plasma levels of F1+2 were significantly higher in the patient group 

compared to controls (292.61 pmol/L±14.03 pmol/L vs 183.40 pmol/L 
± 8.38 pmol/L; p<0.001) (Fig. 1). Substantially higher were FPA levels 
in AF group (4.47 ng/mL ± 0.25 ng/mL vs 3.09 ng/mL±0.15 ng/mL, 
p <0.001) (Fig 2).

As we can see from Table 3, the higher F1 + 2 levels found in PAF 
patients were independent of patients’ age (p>0.05) and BMI (p>0.05). 
The duration of PAF (time spent in AF) was a significant predictor of 
coagulation indicator values (p <0.001). Based on R2, 68.14% of the F1 
+ 2 variation could be predicted by the duration of the PAF.

Also, no correlation was found between FPA values and age (p>
0.05) and BMI (p> 0.05) of patients (Table 4). A correlation was found 
between coagulation indicator levels and PAF duration (p <0.001) 

Figure 5:
The mean values and 95% confidence limits of F1+2 plasma levels 
for CHA2 DS2 – VASc values in PAF patients (0 – coded low risk 
patients with score<2; 1- coded high risk patients with score≥2). 

Figure 6:
The mean values and 95% confidence limits of FPA plasma levels 
for CHA2 DS2 – VASc values in PAF patients (0 – coded low risk 
patients with score<2; 1- coded high risk patients with score≥2).
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are unidirectional and lead to increased hemocoagulation activity. 
Therefore, thrombin is identified as one of the main catalysts for the 
coagulation process and its increased activity is a serious prerequisite 
for enhanced coagulation and thrombus formation. However, it is 
difficult to measure thrombin levels directly 15. Upon activation of the 
coagulation system in pathological conditions, a very small fraction 
(<1%) of circulating prothrombin is activated to thrombin, which in 
turn is rapidly neutralized by antithrombin. In contrast, the quantitative 
measurement of the stable molecule of the prothrombin fragment F1+2 
obtained from the conversion of prothrombin to thrombin is considered 
to be a specific marker of thrombin generation in vivo 16, 17. It allows 
for good monitoring of thrombin synthesis and coagulation activity. 
In turn, FPA plasma levels are a good marker of thrombin activity and 
an assessment of the last step of the coagulation cascade, namely the 
conversion of fibrinogen to fibrin 15.

F1+2 and FPA are early markers of activated coagulation and may 
predict the onset of thromboembolic events 18. As a good diagnostic 
marker in thrombotic conditions, they are significantly elevated in 
deep vein thrombosis, peripheral vascular disease, acute coronary 
vascular thrombosis and others. 18, 19, 20. Retention of high F1+2 levels 
for months after an acute coronary incident is associated with recurrent 
angina episodes and higher incidence of subsequent cardiac events 21. In 
patients with malignancies, the indicator is an independent deep vein 
thrombosis predictor 22. High F1+2 and FPA plasma levels have also 
been found in AF patients 23, 24, 25,26. Studies so far, however, could not 
confirm whether the changes were associated with the arrhythmia itself 
or were provoked by the comorbidities of the studied populations. This 
was a major prerequisite for us to include the study of the comorbidities. 
As can be seen from the results obtained (Fig. 1 and Fig. 2), plasma 
levels of both indicators were higher in PAF patients compared to 
controls (p <0.001). The established deviations are of  systemic nature 
that predetermines changes in coagulation at systemic level. There 
was increased thrombin generation and increased thrombin plasma 
activity, which was indicative of increased coagulation activity in the 
first twenty-four hours of the clinical manifestation of the arrhythmia. 
This leads us to accept that the early manifestation of PAF is associated 
with a tendency for hypercoagulability. Simple linear regression and 
ANOVA statistics showed that the observed difference in coagulation 
activity between patients and controls was independent of age, gender, 
BMI (p> 0.05; Table 3, Figs 3 and 4), and patients’ embologenic risk 
(Figs. 5 and 6). There was no significant difference in coagulation 
activity between patients with low embologenic risk (CHA2DS2 -VASc 
score < 2) and high risk of thromboembolic events (CHA2DS2 -VASc 
score ≥ 2). Plasma F1+2 and PFA levels depended on the duration of 
the PAF episode (Figs. 7 and 8). Longer episodes gave higher indicator 
values. The results led us to suggest that the rhythmic disturbance was 
itself a risk factor for the development of a prothrombotic condition, 
regardless of patient’s age, gender or BMI. The clinical manifestation 
of PAF itself determines a state of hypercoagulability. This is a 
prerequisite to accept the independent embologenic potential of the 
disease, which increases with the duration of its clinical manifestation. 
Longer episodes were associated with more significant changes in 
coagulation. The obtained results provide a good basis for finding the 
place of AF itself in the embologenic risk scales, associated with its 
clinical expression. This would probably also change the anticoagulant 
approach to AF patients.

Linear regression results showed a relationship between the plasma 
levels of studied indicators and the duration of the PAF episode. When 
the duration of the rhythm disorder increased, the values of F1+2 (R 
square = 0.83; p <0.001) and FPA (R square = 0.84; p <0.001) also 
increased (Figure 7, Figure 8).

Discussion
The conversion of prothrombin (prothrombin, FII) into its active 

thrombin form (thrombin, FIIa) is an essential step in the common 
terminal pathway of the coagulation cascade, in which the prothrombin 
fragment F1+2 is released. This is due to the fact that thrombin is a 
key molecule in the thrombus formation process 13. Its main effect 
is related to proteolytic cleavage from the fibrinopetide A (FPA) 
and fibrinopeptide B fibrinogen molecule and production of fibrin 
monomers, which then polymerize and form a stable clot. Thrombin 
is further involved in stabilizing the fibrin clot by activating factor 
XIII 14. It also activates the extrinsic and intrinsic coagulation 
pathway by directly activating coagulation factors V, VII, VIII and 
IX, enhances receptor-mediated platelet adhesion and aggregation, as 
well as the thrombin-activated fibrinolysis inhibitor 14. All these effects 

Figure 7: Correlation between F1+2 plasma levels and time spent in PAF 
(hours). 

Figure 8: Correlation between FPA plasma levels and time spent in PAF 
(hours). 
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Limitations
Coagulation activity was examined only during the rhythm 

disturbance. F1+2 and PFA plasma levels have not been investigated 
after sinus rhythm recovery, which was predetermined by the study 
design itself.

Acknowledgements 
The second author Krasimira Prodanova is totally supported by 

project DN12/11/20.dec.2017 of the Ministry of Education and 
Science of Bulgaria for statistical analysis of data

Conclusion 
Increased coagulation activity was present even in the early hours of 

PAF clinical presentation (up to the 24th hour). The disease itself was 
associated with increasing hypercoagulability over time, suggesting 
its importance as an independent risk factor for the occurrence of 
thromboembolic events.
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Introduction
Atrial fibrillation (AF), the most common cardiac arrhythmia, is an 

independent risk factor for thromboembolism (TE) such as ischemic 
stroke1. Cardioversion (CV) is indicated for symptom relief as part of a 
rhythm-control strategy in almost all types of AF2. Traditionally, if the 

current AF episode duration is longer than 48 hours, therapeutic oral 
anticoagulants (OAC) is recommended for three weeks prior to elective 
CV to reduce the thromboembolic risk2. The recommended safety time-
window of 48 hours in OAC naïve patients, based on arbitrarily defined 
safety margins, may have limited clinical justification in the light of 
emerging new evidence suggesting better safety with even shorter time 
intervals and initiation of OAC prior to CV3-5. 

A higher incidence of cognitive impairment and dementia were 
observed in patients with AF even in the absence of clinically overt TE 
events6,7, and are considered to be the consequence of clinically silent 
cerebral infarctions caused by microembolism7-9. An unexpectedly high 
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Abstract
Background: Patients with atrial fibrillation (AF) have a high incidence of cognitive impairment, which may be related to clinically silent 

microembolism causing cerebral infarctions. 

Objective: To explore the occurrence and timing of silent brain lesions following electrical cardioversion (CV) of recent onset AF in 
anticoagulant-naïve patients and to study related effects on cognitive function and biomarkers of cerebral damage, S100b. 

Methods: Patients with AF duration < 48 hours were prospectively included. Brain magnetic resonance imaging (MRI) and S100b, were 
obtained prior, after and 7-10 days following CV. Trail making tests (TMT-A and TMT-B) and their difference, ΔΤΜΤ, were assessed prior to CV, 
7-10 days and 30 days after CV.

Results: Forty-three patients (84% males) with median CHA2DS2-VASc score 1 (interquartile range 0-1) were included. Sequential MRI, 
including diffusion weighted scans, showed no new brain lesions after CV. Chronic white matter hyperintensities were present at baseline in 
21/43 (49%) patients. The S100b (µg/l) levels increased significantly from baseline, (mean ±SD) 0.0472±0.0182 to 0.0551±0.0185 after 
CV, p=0.001 and then decreased 7-10 days after CV to 0.0450±0.0186, p<0.001. Consecutive TMT scores improved successively after CV, 
being statistically and clinically significant for TMT-B (p<0.01) and ΔΤΜΤ (p=0.005) between 7-10 days and 30 days after CV (Reliable Change 
Index >1.96). 

Conclusion: New brain lesions could not be detected on MRI after CV, but the high incidence of white matter hyperintensities and the 
transient increase in S100b may indicate transient or minor brain damage undetectable by MRI thus heightening the need to reevaluate 
thromboembolic risk prior to CV even in low risk patients. 
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(4.7%) incidence of silent TE, detected by brain magnetic resonance 
imaging (MRI), was observed in patients treated with OAC prior to 
elective CV10. 

The purpose of this study was to explore the occurrence and timing 
of new silent TE events after CV of OAC-naïve patients with recent 
onset AF and a low thromboembolic risk using MRI and furthermore 
to study related effect on cognitive function and biomarker of cerebral 
damage.

Materials and Methods
Study population

Patients with symptom-guided definite onset of AF within 48 
hours, naïve to OAC, and eligible for rhythm control treatment 
with electrical CV were included. Patients were recruited from the 
emergency departments of Uppsala University hospital (Akademiska 
Sjukhuset) and Stockholm South General Hospital (Södersjukhuset). 
(Clinicaltrials.gov identifier: NCT02955004).

Exclusion criteria were known moderate to severe valvular disease, 
previous or acute cerebrovascular event or thromboembolism, heart 
failure, moderate or severe left ventricular systolic dysfunction, CV 
for AF in the preceding 3 months, known coagulation defects and 
contraindication for MRI. Patients who spontaneously converted to 
sinus rhythm prior to brain imaging were excluded from the study.

Methods
Electrical CV was performed in a fasting state with a QRS-gated, 

biphasic waveform shock and repeated, if required, three times with 
energy levels of 150-200 J, 300 J and 360 J respectively. Neither heparin 
or low molecular weight heparin were used periprocedurally. Propofol 
was used for sedation.

In order to cover the time intervals associated with the highest 
thromboembolic event rates after a CV11, investigations were scheduled 
within 2 hours before CV (pre-CV interval), 1-3 hours after (post-CV 
interval) and at 7-10 days after CV (Visit-1) representing the recovery 
period of the left atrial contractile function12. The last follow-up was at 
30 days after CV (Visit-2). (Figure 1).

All patients underwent a standardized neurological examination 
according to the National Institute of Health Stroke Scale (NIHSS)13 

prior to CV. Transthoracic echocardiography, brain MRI and 
blood sampling (biomarkers of cerebral damage, inflammation, 
and coagulation activity), were all performed prior to CV, after CV 
and at 7-10 days after CV. Protein S100b, a small dimeric 21 kDa 
calcium-binding protein predominantly expressed by the nervous 
system was analyzed with Roche® Cobas Elecsys S100b reagent 
kit. The normal reference value for S100b was ≤ 0.10 µg/l. A 7-day 
Holter monitoring was performed at discharge after CV to detect 
early AF recurrence. Cognitive function was assessed using the Mini 
Mental State Examination (MMSE), and Trail Making Test A and B 
(TMT-A, TMT-B), prior to CV and at 7-10 days and 30 days after 

Figure 1: Study flowchart

Table 1: Baseline characteristics of the derivation and validation cohort

Variables Patients n = 43 

Gender, females, n (%) 7 (16.3)

Age, yrs. 55±9.6

BMI, kg/m2 26±3.4

Hypertension, n (%) 9 (20.9)

Diabetes Mellitus, n (%) 2 (4.7)

Vascular disease, n (%) 1 (2.3)

AF duration from symptom onset to diagnosis (hours) 13.3±11.7

Previous history of paroxysmal AF, n (%) 19 (39.5)

Previous history of persistent AF, n (%) 9 (20.9)

CHA2DS2-VASc = 0, n (%) 21 (48.8)

CHA2DS2-VASc = 1, n (%) 19 (44.2)

CHA2DS2-VASc = 2, n (%) 2 (4.7)

CHA2DS2-VASc = 3, n (%) 1 (2.3)

Plasma Creatinine, µmol/L 82.8±13.5

Systolic BP (mmHg) 125±13

Diastolic BP (mmHg) 81±9

ACE/ARB medication, n (%) 8(18.6)

Antiplatelet therapy,  n (%) 0(0)

Beta receptor blockers, n (%) 9(20.9)

Heart rate at presentation (bpm) 110±31

Left atrial volume index ml/m2 31±8.9

Left ventricular ejection fraction, % 55.9±8.4

Significant valvular disease, n (%) 0(0)

Figures are mean ± standard deviation unless otherwise stated; ACE: Angiotensin Converting 
Enzyme; AF: Atrial fibrillation; ARB: Aldosterone receptor blocker; BMI: Body Mass Index; BP: Blood 
Pressure; CV: Cardioversion; Kg: kilogram; m: meter; ml: milliliter; yrs.: years

MRI: Magnetic Resonance Imaging; CV: Cardioversion; ECG: Electrocardiography
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of sequential echocardiographic examinations and inflammatory and 
coagulation activity biomarkers will be presented in another study.

Study outcomes
The primary objective was to confirm the presence of new clinically 

silent cerebral lesions with sequential brain MRI after CV of patients 
with recent onset AF. Furthermore, the effect of restoration of sinus 
rhythm on cognitive function and circulating levels of the biomarker 
for cerebral damage, S100b was also explored. 

Magnetic Resonance Imaging
The brain MRI included three examinations for each patient, 

either a 1.5 Tesla or a 3 T system (both Achieva, Philips, Best, the 
Netherlands) in Uppsala, and a 1.5 Tesla system (Aera, Siemens 
Healthcare, Erlangen, Germany) in Stockholm. The same scanner 
was used for all three sequential MRI examinations in each patient. 
All scans included transverse diffusion weighted imaging (DWI) 
using echo planar imaging (EPI) technique with repetition time 
(TR) and echo time (TE) optimized for each of the three scanners 
used, with a slice thickness of 4-5 mm, diffusion-weighting factor b 
= 1000 s/mm2 and diffusion encoding along 3 directions. Apparent 
diffusion coefficient (ADC) maps were automatically calculated in 
the scanners. A transverse T2-weighted fluid attenuated inversion 
recovery (FLAIR) sequence was also acquired in all examinations 
with the following parameters: TR/TE/Inversion time = 9000-11000 
ms/86-140 ms/2500-2800 ms, slice thickness 4-5 mm. 

All MRI scans were visually evaluated by one experienced 
neuroradiologist with regard to presence, number and size of acute 
ischemic lesions on DWI and ADC maps (as defined by decreased 
diffusion seen as high signal intensity on DWI and low signal on 
ADC maps, where also quantitative measurements were performed if 
needed). On T2FLAIR images, the presence of chronic white matter 
lesions, old infarcts and incidental findings was evaluated. Chronic 
deep white matter lesions, also named white matter hyperintensities 
(WMH), were visually scored using the Fazekas scale ranging from 
0 to 3, where 0 equals normal, 1 is assigned to punctate lesions and 3 
is assigned to the most extreme cases where extensive and confluent 
lesions are present18.

CV 14,15. The normal reference scores for MMSE is between 24 and 
30 points, with higher scores indicating better cognitive function. The 
TMT A and B measure the time (in seconds) needed to complete a 
specific task, consequently shorter times or lower scores indicate better 
cognitive function. The difference between TMT-A and TMT-B times, 
considered to be a measure of cognitive flexibility relatively independent 
of manual dexterity, was also calculated16,17. The TMT scores were 
evaluated by using previously published normative data15. The results 

Figure 2: Association between the CHA2DS2-Vasc score and the Fazekas
score.

Figure 3: The changes of the biomarker of cerebral damage, S100b, in
relation to cardioversion

Table 2: Cognitive function tests results at the different time intervals 
before and after cardioversion

Prior to CV 7-10 days 
after CV

Prior vs 7-10 
days after CV

30 days 
after CV

7-10 days vs 30 
days after CV

P 
value

RCI P value RCI

MMSE 29.3±1.2 29.4±1.0 0.35 <1.96 29.6±0.8 0.07 <1.96

TMT-A 
(sec)

23.3±8.4 22.0±10.1 0.07 <1.96 20.4±5.4 0.2 <1.96

TMT-B 
(sec)

52.8±25.2 50.3±30.3 0.43 <1.96 41.7±16.8 0.01 2.67

Δ-TMT 
(sec)

29.5±20.7 28.3±22.3 0.68 <1.96 21.3±14.7 0.005 3.0

CV: Cardioversion; MMSE: Mini Mental State Examination; TMT-A: Trail making test A; TMT-B: Trail 
Making Test B; Δ-TMT: Difference between Trail Making Test B and A; RCI: Reliable Change Index, 
values above 1.96 denote changes of clinical significance not attributed to practice effects

Repeated measure ANOVA, profile plots of estimated marginal means of S100b. Panel A shows 
overall changes, F(2,68)=12.22, p<0.001; Panel B shows subgroups: blue line refers to patients 
with CHA2DS2-VASc score 0, F(2,30)=12.59, p<0.001; red line refers to patients with CHA2DS2-
VASc score ≥1, F(2,36)=4.43, p<0.019; CV: Cardioversion; Small circles represent means; Line 
intervals represent mean ± 2 standard errors. 
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to spontaneous conversion to sinus rhythm prior to MRI and one 
due to withdrawal of consent prior to CV, leaving 43 patients in the 
study. Table 1 shows baseline characteristics of the study population. 
Paroxysmal AF was present in 17 (39.5%) patients, persistent AF in 
9 (20%) patients, leaving 17 (39.5%) patients with first onset AF. The 
CHA2DS2-VASc score24, was 0 in 21 (48.8%) patients, 1 in 19 (44.2%) 
patients, 2 in 2 (4.7%) patients  and 3 in one (2.3%) patient. Eight of the 
43 (18.6%) patients received treatment with novel oral anticoagulants 
after CV; seven male patients prior to discharge ( CHA2DS2-VASc 
score≥2 or age over 65 year-old) and one patient on the 6th day due to 
peripheral emboli. 

Electrical CV was successful after a first attempt in 39 patients; 
after 2-3 attempts in two patients while two patients converted 
spontaneously to sinus rhythm after the first MRI examination. 

The 7-day Holter monitoring after CV detected AF recurrence in 
4 (9.3%) patients; of whom three had paroxysmal AF with 33-183 
seconds episodes and one patient had persistent AF later scheduled 
for repeat elective CV. 

MR imaging of the brain
MRI of the brain prior to CV showed no signs of recent acute 

ischemic lesions corresponding to micro-emboli or larger lesions and 
there were no new lesions detected in any of the sequential MRI. White 
matter T2 hyperintense (WMH) lesions, were identified at baseline 
in 21/43 (49%) of the patients. Fazekas score 0 was present in 22/43 
(51%), Fazekas score 1 was present in 18/43 (42%) and Fazekas score 
2 in 3 (7%) of the patients.  Ordinal regression analysis revealed no 
association between the Fazekas score and the CHA2DS2-VASc risk 
score. By partitioning the study population into four major groups 
according to the extend of WMH (Fazekas score 0 or ≥ 1) and the 
presence or absence of TE risk factors (CHA2DS2-VASc score 0 or ≥ 
1), the TE risk as defined by CHA2DS2-VASc score ≥ 1, was associated 
with a higher incidence of WMH, Pearson x 2(1,N=43)=3.95, p=0.047, 
(Figure 2).

Statistical analysis
The normality of distribution of continuous variables was tested 

by one-sample Kolmogorov-Smirnov test. Continuous variables 
with normal distribution are presented as mean ± standard deviation 
(SD),  and categorical as n and percentage (%). Continuous normally 
distributed variables were compared with the use of paired or 
independent samples Student’s t test. The frequencies and associations 
of categorical variables were assessed using Pearson x 2-test. The presence 
of associations between ordinal variables was analyzed by ordinal 
regression. Repeated measures analysis of variance (ANOVA) with 
of Greenhouse-Geisser or Huynh-Feldt correction for violation of 
Mauchly’s test of sphericity was used to analyze serial results. The 
presence of practice effects on cognitive function tests was assessed 
using the Reliable Change Index (RCI); values bellow 1.96 may denote 
effect of repetition and values above 1.96 signalize change of clinical 
significance.19 A value of P < 0.05 was considered significant. The data 
were analyzed using IBM Statistical Package for the Social Sciences, 
version 25 for Windows, (IBM Corp. R eleased 2017. IBM SPSS 
Statistics for Windows, Version 25.0. Armonk, NY).

Determination of sample size was based on the varying frequencies 
(4-38 %) of new silent cerebral lesions on MRI after various cardiac 
interventions 20-23. Based on these observations we argued that a 20 
% increase in incidence of new asymptomatic cerebral ischemic lesions 
in patients undergoing electrical CV would be clinically significantly 
meaningful. For a 20% increase in incidence of silent cerebral lesions 
following CV, the required number of patients to reject the null-
hypothesis with 90% power and at the 0.05 significance level (two-
sided) was estimated to 35, as each patient will serve as own control, 
and 5 more patients were added to ensure complete number of included 
patients.

The study protocol was approved by the Regional Ethical Review 
Board and complied with the Declaration of Helsinki. Written 
informed consent was obtained from each study participant.

Results
From March 1, 2015 to October 31, 2017, forty-six patients fulfilled 

inclusion criteria of the study. Four patients were excluded; three due 

Table 3: Association between type of atrial fibrillation and cognitive 
function test

Previous history of 
persistent AF

One-way ANOVA

No (n=34) Yes (n=9) F(1,41) = p value

Prior to CV TMT-A (sec) 22.1±7.9 27.8±8.8 3.44 0.071

TMT-B (sec) 48.7±22.6 68.0±29.9 4.48 0.04

ΔΤΜΤ (sec) 26.0±18.5 40.2±26.1 3.22 0.08

7-10 days 
after CV

TMT-A (sec) 20.9±10.1 26.0±9.9 1.79 0.188

TMT-B (sec) 46.7±28.2 64.1±35.8 2.41 0.128

ΔΤΜΤ (sec) 25.7±20.4 38.1±27.4 2.25 0.141

30 days after 
CV

TMT-A (sec) 19.3±4.2 24.8±7.3 8.56 0.006

TMT-B (sec) 38.7±12.3 52.9±26.1 5.54 0.023

ΔΤΜΤ (sec) 19.5±11.6 28.1±22.5 2.55 0.118

AF: Atrial Fibrillation; ANOVA: Analysis of Variance; CV: Cardioversion; TMT-A: Trail making test A; 
TMT-B: Trail Making Test B; Δ-TMT: Difference between Trail Making Test B and A

Figure 4: The cognitive function test results at the different time intervals 
before and after cardioversion

Repeated measure ANOVA, profile plots of estimated marginal means for Trail Making Tests. Panel 
A shows Trail Making test A results, F(1.5,62.9)=4.23, p=0.029; Panel B shows Trail Making test B 
results, F(1.78,74.78)=8.02, p=0.01; Panel C shows the difference between Trail Making test B and 
A, F(2.84,84)=6.48, p=0.02; Solid circles denote mean value and line intervals refer to mean ± 2 
standard errors; Baseline: prior to cardioversion; 7-10days: 7-10 days after cardioversion; 30days: 
30 days after cardioversion
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at 30 days post-CV (Table 3). Treatment with OAK was not associated 
with statistically significant differences in cognitive function tests 
results after CV.

Discussion
Magnetic resonance imaging findings

To our knowledge, this is the first prospective study investigating the 
incidence and timing of clinically silent cerebral lesions with sequential 
brain MRI in OAC-naïve patients with recent onset AF cardioverted 
within < 48 hours after AF onset. No signs of acute silent cerebral 
lesions were detected after CV, hence our primary hypothesis was 
not substantiated in any of the three MRI, covering the three time 
intervals with the highest risk for TE post CV: from AF onset to CV, 
immediately after CV, and 7-10 days after CV during recovery of the 
left atrial contractile function. 

Diffusion weighted imaging is a highly sensitive MRI method able 
to detect silent cerebral embolism20,25 and silent lesions as early as 30 
minutes after ischemia onset26. In a series of 62 patients with persistent 
AF, CHA2DS2-Vasc score 1.8±1.4 and at least 4 weeks effective OAC 
prior to elective CV, new silent brain lesions were neither observed at 
baseline nor at the 24-hours post-CV brain MRI27. In a similar series 
of 50 persistent AF patients with OAC and CHA2DS2-Vasc score 
2.7±0.7, MRI at baseline and 14-days after elective CV showed no 
new cerebrallesions28. In another study, silent cerebral embolism were 
detected four weeks after CV in 4.7% 127 persistent AF patients with 
OAC for at least 4 weeks prior and 4 weeks after trans-esophageal 
echocardiography guided CV10. The relation between the high rate of 
silent TE with CV or the higher risk profile of the cohort per se, was 
unclear. Patients in both of these trials had higher CHA2DS2-Vasc 
scores as compared to the patients in the present study. The initiation 
of OAC after CV in 8/43 (18.6%) patients in the present study, may 
have contributed to a lower incidence of silent TE events.

In a large retrospective study of 22.874 AF patients, there were no TE 
events after CV in patients with CHA2DS2-Vasc score < 2 regardless 
of OAC treatment29. The risk for thromboembolic complications was, 
however, higher in patients without versus those with OAC at 30 days 
following electrical CV, odds ratio 2.54 (95% CI 1.70–3.79), after 
adjustment for CHA2DS2-Vasc score factors29. In the retrospective 
FinCV study, including 2,481 AF patients without OAC, the incidence 
of clinically evident TE events after CV was only 0.7%, within 30 days4. 
The risk for TE events, however, increased significantly from 0.4% in 
patients with CHA2DS2-Vasc score < 2 to 2.3% in those with scores ≥5, 
none of whom were on OAC4. Moreover, if the delay from AF onset 
to CV exceeded 12 hours the risk for TE events increased from 0.4% 
to 0.9% respectively, emphasizing the importance of early treatment 4,5.  

Given the low TE risk in the present cohort, the incidence of WMH 
as quantified by Fazekas scale, was unexpectedly high (49%) with 
significant association with CHA2DS2-Vasc score. Although WMH 
are often considered to be a sequelae of infection or inflammation 
in subjects younger than 50-60 years, there is a growing amount of 
evidence of a clear association between AF and WMH30. In one 
study WMH were observed in 56.4% of persistent AF patients prior 
to elective CV27. In another study of 74 paroxysmal AF patients, 
WMH were present in 67.6% at baseline MRI prior to pulmonary vein 

Old lacunar infarcts were present in 2 (5%) patients; of whom 
both had a CHA2DS2-VASc score above 1. Incidental findings were 
mastoiditis, suspected pituitary adenoma, sinusitis, arachnoid cyst and 
a pineal cyst in one patient each.

Clinical thromboembolic events
One patient with CHA2DS2-VASc score 0 experienced an embolus 

in the finger on the 6th day after CV and but was subsequently found 
to be a heterozygote for Factor V (Leiden mutation), nucleotide 1691. 
Baseline MRI of the brain revealed no chronic white matter lesions. 
The patient received life-long treatment with OAC. 

Biomarker for brain damage, S100b
All baseline and sequential measurement of S100b were within the 

normal reference interval. The mean S100b prior CV increased from 
0.0472±0.0182 µg/l to 0.0551±0.0185 µg/l after CV, p=0.001 and then 
decreased to 0.0450±0.0186 µg/l, p<0.001 at 7-10 days after CV, both 
changes were statistically significant. Repeated measures ANOVA 
revealed a statistically significant overall changes of mean S100b, F 
(2,68)=12.22, p<0.001. Subgroup analysis according to the presence 
of at least one TE risk factor as defined by CHA2DS2-VASc score 
showed that statistical significance of repeated measures ANOVA was 
maintained; for patients with no risk factors F (2,30)=12.59, p<0.001 
and for patients with CHA2DS2-VASc score ≥1 F(2,36)=4.43, p<0.019. 
There was no statistically significant difference in mean S100b values 
neither between patients with at least one CHA2DS2-VASc score as 
compared with those without risk factors (Figure 3), nor in patients 
treated with OAK after CV.

Cognitive function tests
Mini-mental state examination scores were within the upper limit 

of the normal range, between 24 and 30 points, at all measured time 
intervals in all but one patient in whom the baseline test showed lower 
scores. The mean MMSE scores improved (increased) sequentially 
(Table 2). Repeated measures ANOVA revealed a statistically 
significant overall improvement of MMSE scores, F(2,84)=3.62, 
p=0.031, although MMSE paired t-tests showed no statistically 
significant difference. 

All TMT-A and TMT-B scores fell within the normal age-stratified 
reference range according to previously published normative data15. 
The mean TMT-A and TMT-B times improved (decreased) with 
time and the same was observed for the calculated ΔTMT (Table 2). 
Repeated measures ANOVA revealed a statistically significant overall 
improvement of TMT tests; TMT-A with Huynh-Feldt correction 
F(1.5,62.9)=4.23, p=0.029, TMT-B with Greenhouse-Geisser 
correction F(1.78,74.78)=8.02, p=0.01 and ΔTMT F(2.84,84)=6.48, 
p=0.02. Paired t-tests comparing consecutive TMT mean values 
showed statistically significant difference only between 7-10 day and 30 
days for TMT-B, p=0.01 and ΔTMT, p=0.005. Adjusting for possible  
practice effects for the cognitive function tests confirmed that the 
improvement of TMT-B and the Δ-TMT from 7 days to 30 days, was 
not attributed to test repetition as indicated by mean RCI 2.67 and 3.0, 
respectively (Table 2, Figure 4). The association of TMT times to the 
type of AF showed that patients with persistent AF had statistically 
significant prolonged TMT-B prior to CV and TMT-A and TMT-B 
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support for such mechanistic explanation is, however, the observation 
of longer TMT-A and TMT-B times for patients with previous history 
of persistent AF versus those with paroxysmal AF or recent onset AF 
history, which is further consistent with another study showing an 
association between cognitive decline and AF progression48. Whether 
the improved cognitive function after CV reflects a restitution of 
cerebral perfusion following regain of atrial function warrants further 
studies.

Limitations
The present study was a small prospective observational cohort, 

which related to its low number of included patients may limit and 
underestimate the true incidence of silent TE events detected by MRI 
in this population. Calculation of the sample size was mainly based on 
events from cardiac interventional procedures, as there were no other 
data available when the study protocol was written, which may have 
overestimated the risk for silent TE events. Moreover, initiation of 
OAC after CV in 18.6% of the population may be a confounding factor.

Conclusion
In conclusion, even though the absence of new acute lesion on the 

sequential MRI may suggest that patients with very low thromboembolic 
risk could be cardioverted without prior anticoagulation at a short 
time interval after arrhythmia onset, the high incidence of white 
matter hyperintensities and the transient increase of cerebral damage 
biomarker, may heighten the need to reevaluate thromboembolic risk 
stratification. Further studies are needed to elucidate if pharmacological 
cardioversion or a shorter time frame for cardioversion of recent onset 
atrial fibrillation confer a protective role regarding cerebral damage
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Introduction
The long-termresults of atrial fibrillation ablation have been 

disappointing. While the initial sinus rhythm (SR) survival in patents 
with paroxysmal AF (PAF) is reported to be around 70-80%, multiple 
reports suggest that 5-year SR survival is 27-59 %1,2,3. In patients 
with persistent AF (PrAF), the success of pulmonary vein isolation 
(PVI) alone has not been encouraging. Recent comparison of PVI 
in these patients with and without ancillary ablation targets suggests 
no improvement in short-term outcomes despite added ablation 
targets4. Multiple methodologies have been advanced in addition to 
PVI, including complex fractionated atrial electrograms (CFAE), 
ganglion, rotors, or linear ablation. None appear to alter either initial 
success or long-term efficacy 5,6,7. Several studies have evaluated low 
voltage regions of the LA as ablation targets8,9,10,11. The results have been 
more encouraging especially regarding PrAF.  Low voltage areas have 
been treated byisolation (boxing), homogenation (via mass lesions), or 
electrogram guidedablation.

In the present study, we present the long-term out come in patients 
undergoing ablation targeting focal low voltage bridges (LVBs) found 
during high density voltage mapping. We hypothesize that, by ablating 
these LVBs, the electrical end ocardial fragmentation seen in PAF and 
PrAF may be treated. This approach both simplifies atrial ablation 
and unifies ablation methodology for both PAF and PrAF. Further, 
we hypothesize that by eliminating endocardial fragmentation, long-
term electrical stability may be maintained. To test this hypothesis, we 
evaluated the utility of VGM with LVB targeting in 54 consecutive 
patients undergoing initial AF ablation of PAF (29 patients) or PrAF 
(25patients).

Methods
Mapping Technique

Informed clinical consent was obtained from all study participants. 
The institutional review board of Iowa Heart Center, Des Moines, 
Iowa approved the study. Since this is a retrospective cohort analysis 
the need for informed consent for analysis was waived. 54 consecutive 
patients undergoing AF ablation had VGM guided substrate ablation 
(SA) performed. We have previously reported this methodology for 
visualization of the slow pathway, CTI for Atrial flutter ablation, and 
atrial fibrillation 12,13,14. Utilizing the SJM Velocity 3D mapping system, 
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Abstract
Background: Long-term ablation results for atrial fibrillation (AF) have been disappointing, particularly for non-paroxysmal AF (NPAF). We 

hypothesize fibrosis in paroxysmal AF (PAF) and NPAF would be reflected in voltage fragmentation and visualized by high density mapping. 
Targeted ablation of discrete low voltage bridges (LVB) would eliminate endocardial fragmentation and should have a positive effect on long-
term sinus rhythm (SR) survival. 

Objective: To assess the efficacy of LVB ablation on SR survival in patients with PAF and NPAF, as well as, determine its impact on P wave 
duration (PWD) and LA volume (LAV). 

Methods: 56 patients (29PAF/26NPAF) had a voltage gradient map (VGM) created, high and low voltage limits were adjusted to image 
LVB. Ablation was performed until no LVB were observed. Baseline PWD and LAV were obtained and reassessed 6 months’ post ablation. 
Patients were followed for 5 years with intermittent monitors. 

Results: Termination of AF in NPAF was 88%. PWD normalized in PAF and were normal in NPAF post ablation. LAV decreased significantly 
in NPAF. At 5 years, SR was observed in 89% of PAF and 67% of NPAF. 

Conclusion: 1. LVB ablation terminates AF in NPAF 88%; 2. Both PWD and LAV were improved; 3. Maintenance of SR was observed in 89% 
and 67% (PAF vs NPAF); 4. The present study demonstrates efficacy of a simplified, individualized, and unified methodology for AF ablation.
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electrograms were collected with a 20-pole circular catheter (Reflection 
HD, SJM) and 1500- 2000 electrograms were recorded from the LA 
and pulmonary veins (PV). The ablation catheter was used to collect 
electrograms within the PVs when required. The high and low voltages 
settings were adjusted to image LVB which were defined as regions 
of higher voltage connected by a LVB.The voltage settings were based 
on individual patient values in order to define the LVB. The maps were 
generated in SR or AF. When possible, maps were created in both SR 
and AF. Since relative voltage was used, the absolute voltage settings 
varied between patients and was dependent upon the rhythm mapped 
(AF voltages were lower). Voltage settings were readjusted on re maps 
following ablation. Detection was set toabsolute peak with manual 
review for consistency over a 10-beat recording associated with each 
point. Internal projection was adjusted to 5-10 mm depending on 
visualizing consistent LVB with interpolation at the lowest setting 
creating a consistent VGM typically 10mm. 

Ablation Technique
Following adjustment of the voltage settings, LVBs were identified 

and targeted for focal ablation. Pulmonary Vein Isolation:LVBs 
entering the PVs were targeted at the antrum to isolate the PV; rarely 
a short linear lesion was required at the PV antrum when high voltage 
entered the vein, or when there was a broad LVB noted. PVs were 
isolated in all patients and confirmed by the absence of voltage within. 
Absence of recorded voltage within the PV corresponded to inability to 
pace the LA from the PV. Figure 1 shows the impact of LVB ablation 
on PV isolation. As noted, an isolated PV potential is observed within 
the PV.

Ablation of LVB within the LA: Radiofrequency ablation was 
applied to the LVBs focally on the the LA roof, LA septum, anterior 
and posterior walls. RF was applied until there was loss of endocardial 
electrograms (typically <20 seconds per application). A non-irrigated 8 
mm RF catheter was used (Blazer, BS). Termination of AF in patients 
with PrAF was recorded. Post ablation induction protocol included 
burst pacing from the RAA and CS at 10mV and 10ms until pacing 
refractoriness was achieved.No special electrogram criteria was utilized 
to determine LVB ablation priority. Linear lesions were only used as 
noted above and were not connected to anatomic or created regions 
of block. 

Ablation Endpoints
Primary endpoints of the ablation were absence of connecting LVBs 

within the endocardium, and inability to induce AF or tachycardia 
following ablation (PrAF and PAF).  A final map was createdto confirm 
absence of connecting LVB.

Follow-up
Periodic monitors were used throughout the follow-up period to 

document ambient rhythms (30-day event and 48 hourholter) typically 
at 6 months and yearly or when there were symptomatic complaints.
Patients with documented symptomatic AF or AT recurrences 
underwent drug therapy or repeat ablation. Failure was defined by an 
atrial arrhythmia > 30 seconds in duration.

Statistical analysis
In the PAF and the PrAFcohorts continuous variables were 

mentioned as mean (standard deviation) or median (interquartile 
range) depending on the normality of data distribution. Categorical 
variables were mentioned as number (%). Baseline and 5 year follow-up 
of continuous variables were compared using student‘t’ test or Wilcoxon 
rank sum test depending on the normality of data distribution. 
Categorical variables at 5 year follow-up were compared to baseline 
using Chi square test. Unadjusted Kaplan-Meir survival curves were 
calculated for the PAF and the PrAF cohorts separately during the 

Figure 1:

Pulmonary vein isolation by focal ablation of entering LVB
A low voltage bridge (LVB) is seen entering the left superior 
pulmonary vein from the left atrium. Ablation of the LVB electrically 
isolates the pulmonary vein. A spontaneous pulmonary vein 
potential is observed and does not enter the left atrium

Figure 2:

Overall voltage is higher in patients with PAF compared to 
patients with NPAF. Low voltage bridging is seen as yellow-red 
bands connecting regions of higher voltage which is prominent in 
panel b. (adopted from Bailin, etal. 12).

Table 1: The average voltage setting are noted before and after LVB ablation 
are provided

LV Pre LV Post HV Pre HV Post

PAF 0.33 + 0.18 0.17 + 0.12 1.44 + 0.36 0.95 + 0.47

NPAF 0.23 + 0.2 0.15 + 0.08 0.99 + 0.4 0.23 + 0.19

P value NS NS 0.003 NS

There was a significant difference between the high voltage setting between patients with PAF and 
NPAF. Additionally, the voltage setting were decreased post ablation in order to image residual LVB. 
(adopted from Bailin, etal. 12)
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were decreased post ablation in order to image residual LVB. (adopted 
from Bailin, etal. 12)

The impact of LVB ablation on surrounding endocardium may be 
seen in figure 4. As can be seen, ablation limited to the LVB can result 
in large areas of voltage loss. Targeting of the LVB is therefore efficient 
in altering the atrial substrate (see figures 4a,b,c). 

Total RF lesions delivered ranged between 60 and 137 with an 
average lesion time of 20 seconds. An average of 2.8 maps were created 
during the case.

Overall single procedure success was 61% (33/54), with 72% single 
procedure success for patients with PAF compared to 48% in patients 
with PrAF. Average number of procedures per patient was 1.25 for PAF 
and 1.4 for PrAF patients. In the PAF group, most recurrences were 
micro re-entry atrial tachycardia, usually mitral isthmus flutter. In both 
groups, AF recurrence was associated with poor outcome following a 
second procedure (<10% success). Figure 4 details the success rates for 
first and second procedures in both groups.

Table 2 shows the effect of SA upon P wave duration and LA Volume. 
P wave duration was normalized in patients with PAF (p=0.0001) and 
normal in patients with PrAF (PWD 101.2 + 32.8). LA volume tended 
to be smaller in patients with PAF but was not significant (p=0.12), 

5 year follow-up for the outcome of SR survival. All analysis were 
performed using STATA statistical software and a P value < 0.05 was 
considered statistically significant.

Results
The mean age of the total cohort was 58 years (PAF: 56 years and 

PrAF: 59 years). There were 48% and 41% female participants in the 
PAF and PrAF cohorts respectively. On an average participants in both 
groups had failed at least 2 antiarrhythmic medications. Both groups 
had normal left ventricular ejection fractions at baseline (mean 57%). 
Left atrial volume was 46.6 and 54.1 in the PAF and PrAF cohorts 
at baseline.

Figure 1(Representative figure) shows a typical VGM created with 
high density mapping in PAF (a) and PrAF (b). In comparison, patients 
with PAF had higher overall atrial voltages and less endocardial 
fragmentation reflected by the large areas of uniform high voltage.In 
PrAF patients there was severe endocardial fragmentation with large 
areas of low voltage containing numerous LVBs.

All patients had absence of LVBs at the end of the ablation. Inability 
to induce AF or tachycardia correlated to the absence of connected 
LVB observed on repeat mapping.Inability to induce tachycardia was 
observed in 95% of patients. Figure 3shows the pre (a) and post ablation 
(b) VGM. There was asignificant absence of voltage and endocardial
fragmentation. A hemodynamic tracing (c) from a patient demonstrates 
atrial contraction despite the change in endocardial voltage and is
consistent withpreservation of mechanical function.

Termination of PrAF with conversion to SR was observed in 88% 
of patients after LVB ablation. 

Table 1 lists the voltage settings used in PAF and PrAF patients. In 
patients with PrAF, the average high voltage setting was significantly 
reduced compared to PAF patients, <1.0 mV vs 1.49 mV. Unlike other 
studies, no fixed voltage setting was used to define the low voltage area. 
The purpose of the voltage adjustment was to adjust the relative voltages 
to define LVB within the endocardium.

There was a significant difference between the high voltage setting 
between patients with PAF and PrAF. Additionally, the voltage setting 

Figure 3:

Baseline voltage map is seen in a. Following ablation of LVBs 
the endocardial voltage is markedly reduced. No further atrial 
arrhythmia is inducible, b. Despite loss of endocardial voltage, 
atrial mechanical function is preserved, as seen in the “a” wave 
recorded from LA pressure waveform, c.

Figure 4:

As can be seen, ablation limited to the LVB affects the voltage 
in surrounding endocardium, suggesting that the LVB provides 
inputs to surrounding endocardial areas. (adopted from Bailin, et 
al. 12).
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in terminating tachycardia and prevented arrhythmia recurrence 
during follow-up. In the present study, ablation of the mitral isthmus 
during the first procedure was not routinely performed. Based on the 
recurrence of mitral re-entry atrial flutter, we recommend creation 
of mitral isthmus block during the first procedure when performing 
atrial substrate ablation. In patients presenting with recurrent AF 
following substrate ablation, repeat ablation was usually unsuccessful. 
We observed that in some patients, organization of the left atrium was 
accompanied by AF localized to the right atrium, usually within the 
right atrial appendage (RAA). Attempted ablation within the RAA or 
RAA isolation was not successful in these patients. In other patients, 
despite absence of endocardial fragmentation, AF persisted, suggesting 
the possibility of an epicardial contribution to maintenance of AF. The 
higher rate of AF following endocardial substrate ablation in PrAF 
patients, in particular, would be consistent with greater disease burden 
and electrical fragmentation of the epicardium analogous to that seen in 
the endocardium. Such an evaluation would require epicardial mapping 
not performed in this study.

The importance of low voltage regions within the atrium has been 
reported15,16,17. Overall long-term outcomes are worse when there are 
residual low voltage regions18.  Indeed, most studies have demonstrated 
a positive effect on outcome when low voltage regions are addressed by 
ablation. Further, because AF is a progressive disease, fibrosis and loss 
of gap junctions continue, leading to greater endocardial fragmentation 
and worsened outcomes impacting long term success in patients with 
PAF19,20.

Previous studies have evaluated the link between endocardial low 
voltage regions and fibrosis detected by MRI or CT21. These studies 
show the stage of AF to be related to the degree of atrial fibrosis 
observed. The present study confirms that patients with PAF have 
less endocardial fragmentation than patients with PrAF as observed 
by VGM.

Table 2: The impact on P wave duration (PWD) and LA Volume (LAv) is 
provided.

PWD Pre PWD Post P value LAV Pre LAV Post P

PAF 120 ± 5.7 96.9 ± 5.1 < 0.001 46.6 ± 9.9 39.5 ± 7.7 0.12

NPAF NA 101.2 ± 32.8 NA 54.1 ± 11.4 41.5 ± 8 0.029

Figure 5:
Outcomes of first and second procedure.
The graphs detail the outcomes of first and second procedures in 
our study cohort

Figure 6:
Kaplan-Meier survival curves in the PAF and NPAF cohorts.
Kaplan-Meier curves showing the 5 year arrhythmia free survival 
in patients with PAF NPAF

There was a significant decrease in PWD in patients with PAF and a normal PWD in patients with 
PrAF following LVB ablation. LAv tended to be smaller following LVB ablation in patients with
 PAF while a significant decrease in LAv was observed in patients with PrAF. These findings suggest 
positive electrical and mechanical remodeling following LVB ablation.

while LA volume was significantly decreased in patients with PrAF 
(p=0.029).

There was a significant decrease in PWD in patients with PAF and 
a normal PWD in patients with PrAF following LVB ablation. LAv 
tended to be smaller following LVB ablation in patients with PAF 
while a significant decrease in LAv  was observed in patients with PrAF. 
These findings suggest positive electrical and mechanical remodeling 
following LVB ablation.

Figure6 shows the 5-year Kaplan-Meir arrhythmia free survival 
curve for PAF (a) and PrAF (b). Over a five-year follow-up period 
89% of PAF patients and 67% of PrAF patients remained in SR. 18% 
of PAF and 25% of PrAFrequired antiarrhythmic therapy. 

Discussion
Substrate ablation by targeting LVBs observed during VGM results 

in isolation of the PVs, termination of AF, and inability to induce AF 
or AT. Additionally, long term outcomeyields stable results. In the 
present study, endocardial fragmentation was eliminated by ablation 
of connecting LVB. In 95% of patients no AF or AT was inducible 
following SA. Long term, 89% of PAF and 67% of persistent AF 
remained in SR at 5 years which compares favorably to previous studies 
1,2,3.

Following substrate modification, most recurrences of atrial 
arrhythmia were macro re-entry atrial flutter, especially in patients 
with PAF.  Subsequent ablation of the mitral isthmus was successful 
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persistent AF.In patients with PAF, elimination of potential progressive 
fragmentation of the atrial endocardiumis prevented compared to 
PVI, where ablation is limited to the regions surrounding the PVs and 
large areas of the endocardium is left intact. Our methodology allows 
individualization of AF therapy based on patient specific substrate 
rather than anatomic PV isolation. 

Targeting LVB in PrAF similarly results in stable long-term 
arrhythmia free survival. The stability of this outcome supports the 
hypothesis that initial “endocardial defragmentation” by targeting LVBs 
is effective in preventing recurrent AF in both PAF and PrAF patients. 
Thus, we suggest that the same ablation methodology may be used for 
patients with PAF and patients with PrAF.

An interesting effect of substrate modification via VGM is the finding 
that the p wave duration invariably decreases following ablation (120 
to 97 p=0.0001). LA activation is primarily an epicardial dependent 
phenomenon. Bachmann’s bundle crosses the anterior atrial septum 
epicardially and then inter-digitates with fibers around the LAA and 
between the PV posteriorly.  Thus, non-linear, focal, and potentially 
non-transmural lesions may be advantageous for preserving normal 
epicardial conduction. Additionally, evidence of positive remodeling is 
seen in normalization of LA volumes following SA via LVB ablation.

Recent studies have also evaluated targeting low voltage for ablation. 
In a paper by Hassiguirre13, LA areas were targeted based upon 
electrogram characteristics. Regions of low voltage were defines as 
<0.5mV and ablation was applied to sites with evidence of fractionated 
electrical activity ( >70% of AF cycle) or rotational activity. They 
reported a 78% termination rate which is similar to the present study. 
However, in the present study, the analysis of complex electrograms 
is not required, and offers a simplified methodology based on LVB 
targeting. 

In the study by Rolf8, low voltage areas defined by voltage <0.5mV 
were isolated by “boxing” them or placing linear lesions through them. 
They reported a successes rate of 70% over a 1-year period. A paper by 
Yamaguchi9 defined low voltage zones as voltage <0.5mV and placed 
lesions within the zone to homogenize the voltage. They reported a 
near-term success rate of 72% In PrAF. These studies show the benefit 
of focusing upon low voltage regions within the endocardium. In the 

The following evidence support the relevance of LVB to atrial 
substrate. 

1. Because the VGM reflects the underlying endocardial substrate, 
we would expect that VGMs recorded during SR should be similar to 
VGMs recorded during AF. The primary difference being the lower 
voltages associated with AF. As noted in figure 6 7, a SR and AF 
recording are strikingly similar and supports the hypothesis that the 
VGM reflects underlying substrate as it is independent of the rhythm 
recorded.

2. Focal ablation of LVB results in significant changes to regional 
voltage (fig 3 4). This unexpected effect may be explained if the LVB 
represents points of critical input into a protected endocardial region. 
In this way, the atrial endocardium may be divided by selective fiber 
input to high voltage regions. Ablation of the critical input, renders 
that endocardial segment electrically silent. 

3. The degree of atrial endocardial fragmentation correlates with the 
disease state: patients with PAF have less fragmentation and LVBs 
compared to patients with persistent AF [see fig 1 2 (representative 
figure)]. There is a clear correlation of fibrosis to the stage of AF as 
noted in previous trials and MRI data19, 21.

4. Absence of residual LVB and endocardial defragmentation 
is associated with termination of AF, and inability to induce atrial 
dysrhythmia acutely. It is also associated with sinus rhythm stability 
in the long-term. Despite the significant loss of endocardial voltage, 
indices of LA health were observed as evidenced by normalization of 
PWD; preservation of mechanical function; and normalization of LA 
volume.

Long-term results demonstrate the importance of substrate 
modification on maintenance of SR. In the present study, the 
5-year SR survival rate in patients with PAF was 89%, and with67% 

Figure 7:

Voltage maps in AF and sinus rhythm.
While recorded in different rhythms, the voltage maps of AF and 
SR are remarkably similar. The voltage settings are lower in AF, 
but the voltage maps demonstrate that the substrate remains 
consistent

Figure 8:

While not circumferential and contiguous, ablation of LVB 
entering the PV results in PVI. As can be seen, SR is recorded in 
the CS, while within the PV, an atrial tachycardia persists. Both 
entrance and exit block exist.
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present study, we differ by using a relative voltage with no lower limit 
upon the low voltage setting. In this way, the LVB can be imaged and 
focally ablated. Additionally, our methodology does not require large 
lesion sets to be created, rather, it identifies focal areas to be ablated 
(LVB). 

Limitations
Although encouraging, a multicenter trial duplicating these results 

will be important to confirm the validity of this study. Specifically, 
the ability to duplicate the VGM across multiple centers and a larger 
patient population. At present, the VGM requires manual adjustment 
of the high and low voltage settings. This may pose a barrier to wider 
adaptation. Additionally, elimination of artifact or premature atrial 
beats is required to validate the map and at present requires a manual 
review of questionable voltage points. Further, this methodologyhas 
only been validated in the velocity system from SJM. This methodology 
may not be applicable to other mapping systems. 

Conclusion
Atrial fibrillation is a progressive disease of fibrosis and loss of inter-

cellular connection. These changes are reflected in the substrate map 
created by VGM. As the disease persistence progresses, there is loss of 
atrial voltage and more importantly, an increase in atrial endocardial 
fragmentation. By targeting the LVB spanning these fragments, AF 
can be terminated in PrAF and results in inability to induce atrial 
dysrhythmia in all patients. Beneficial effects on PWD and LA 
volume were observed. Additionally, SR was maintained over a long 
follow-up period of 5 years in both patients with PAF and PrAF. This 
methodology offers a simplified and unified technique for successful 
ablation of AF. These results should stimulate interest in further studies 
of VGM guided AF ablation.
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Introduction
Atrial fibrillation (AF) is the most common sustained arrhythmia 

and one of the most frequent complications after cardiac surgery, with 

a global prevalence between 20% and 40% depending on the definition 
and the method used diagnosis 1,2. Its incidence varies according to the 
type of surgery, occurring in almost 30% of patients after a coronary 
artery bypass graft (CABG), and up to 50% after valve surgery, either 
isolated or combined 3, 4.

Postoperative Atrial Fibrillation (POAfib) is associated with 
increased adverse outcomes,  including higher short and long term 
mortality rates, and increased length of hospital stay which leads to 
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Abstract
Introduction; Postoperative atrial fibrillation (POAFib) occurs in 20 to 40% of patients following cardiac surgery, and is associated with an 

increased perioperative morbidity and mortality. We aimed to develop and validate a simple clinical risk model for the prediction of POAFib 
after cardiac surgery.

Methods; An analytical single center retrospective cohort study was conducted, including consecutive patients undergoing cardiac surgery 
between 2004 and 2017 with POAFib. To create the predictive risk score, a logistic regression model was performed using a random sample 
of 75% of the population. Coefficients of the model were then converted to a numerical risk score, and three groups were defined: low 
risk (≤1 point), intermediate risk (2-5 points) and high risk (≥6 points). The score was validated using the remaining 25% of the patients. 
Discrimination was evaluated through the area under the curve (AUC) ROC, and calibration using the Hosmer-Lemeshow (HL) test, calibration 
plots, and ratio of expected and observed events (E/O). 

Results; Six thousand five hundred nine patients underwent cardiac surgery: 52% coronary artery bypass grafting (CABG), 20% valve 
surgery, 14% combined (CABG and valve surgery) and 12% other. New-onset AF occurred in 1222 patients (18.77%). In the multivariate 
analysis, age, use of cardiopulmonary bypass pump, severe reduction in left ventricular ejection fraction (LVEF), chronic renal disease and 
heart failure were independent risk factors for POAFib, while the use of statins was a protective factor. The NOPAF score was calculated 
by adding points for each independent risk predictor. In the derivation cohort, the AUC was 0.71 (CI95% 0.69-0.72), and in the validation 
cohort the model also showed good discrimination (AUC 0.67 IC 0.64-0.70) and excellent calibration (HL P = 0.24). The E/O ratio was 1 (CI 
95%: 0.89-1.12). According to the risk category, POAFib occurred in 5% of low; 11% of intermediate and 27.7% of high risk patients in the 
derivation cohort (P <0.001), and 5.7%; 12.6%; and 23.6% in the validation cohort respectively (P <0.001)

Conclusion: From a large hospitalized population, we developed and validated a simple risk score named NOPAF, based on clinical 
variables that accurately stratifies the risk of POAFib. This score may help to identify high-risk patients prior to cardiac surgery, in order to 
strengthen postoperative atrial fibrillation prophylaxis.



www.jafib.com Aug-Sep 2020, Volume-13 Issue-2

Featured ReviewJournal of Atrial Fibrillation Featured ReviewJournal of Atrial Fibrillation61 Original Research

greater costs 3, 5-7. In order to avoid these outcomes, several POAFib 
prophylactic methods have been studied, but some of them fail to prove 
net clinical benefit due to potential complications when used routinely. 
Therefore, the constant effort to find a suitable method to predict 
POAfib lies in the need of limiting prophylaxis to high-risk patients, 
so as to minimize the global burden of complications associated with 
these therapies 8,9. A method that could accurately identify high risk 
patients would enable targeted preventive/therapeutic interventions, 
without exposing the overall population to the risk of antiarrhythmic 
toxicity or the added drug costs 10.

In this scenario, previous studies have identified multiple clinical 
risk factors that could influence the occurrence of POAfib 11-13. The 
most relevant ones include age, heart failure, rheumatic heart disease, 
chronic kidney disease (CKD), and chronic obstructive pulmonary 
disease (COPD) 14.

 
Currently, a widely accepted risk model for POAfib prediction is 

lacking, several models were created to predict new-onset AF after 
cardiac surgery 15-20. We aimed to develop and validate a simple clinical 
model for the prediction of new-onset Atrial Fibrillation after cardiac 
surgery, in order to help physicians identify patients at high risk of 
developing POAFib.

Methods
We conducted a single-center cohort study, performing a 

retrospective analysis of prospectively collected data.
 
The study included consecutive patients undergoing cardiac 

surgery between January 2004 and December 2017 who developed 
postoperative atrial fibrillation. Patients with previous AF or other 
atrial arrhythmias were excluded. 

The aim of the study was to create and afterwards validate a simple 
risk score model that could appropriately predict the occurrence of 
postoperative AF. 

POAFib was defined as in previous studies, as any documented AF 
episode lasting > 30 seconds recorded either by continuous telemetry 
throughout hospitalization or on a twelve-lead electrocardiogram 
performed daily, and when the patient referred symptoms. All patients 
had continuous telemetry monitoring at least during the first 48 hours 
by an off-site central monitor unit and, once identified, every arrhythmic 
event was confirmed by a cardiologist. The definition of heart failure 
was a prior history of heart failure diagnosed during routine clinical 
practice, regardless left ventricular ejection fraction.

Statistical analysis
Quantitative data were expressed as mean ± SD and were compared 

with 2-sample t tests for independent samples, whereas dichotomous 
variables were reported as absolute values and proportions.  Differences 
in proportion were compared using an x2 test or Fisher’s exact test, as 
appropriate. Ordinal data and continuous variables inconsistent with 
normal distribution were expressed as median and interquartile range 
(IQR), and were compared with the U Mann–Whitney test. A p value 
of< 0.05 was considered statistically significant. 

Using the derivation cohort, we conducted univariate analyses. 
Variables significantly associated with postoperative AF (P<0.05) 
were analyzed in a multivariable logistic regression model with a 
conditional forward approach in order to identify the independent 
predictors of postoperative AF and to estimate their relative predictive 
weights (coefficients). Variables that were independently associated 
with postoperative AF were presented as odds ratios (ORs) along with 
the 95% confidence intervals (CIs). An OR was considered statistically 
significant if its CI 95% exceeded 1, with a P value < 0.05. We converted 

Figure 1: Area under the curve-receiver operating characteristic for NOPAF 
score

Table 1: Baseline characteristics of the derivation and validation cohort

Derivation cohort
(n=4881)

Validation cohort
(n= 1628)

P

Age (mean ± SD) 65±11.2 66±11.5 0.1

Male sex (%) 3782 (77.5%) 1223 (74.1%) 0.07

EUROSCORE  (Median Pc 25-75) 4 (2-6) 4 (2-6) 0.9

Smoking (%) 611 (12.5%) 207 (12.7%) 0.83

Diabetes mellitus (%) 1070 (21.9%) 361 (22.2%) 0.83

Hypertension (%) 3514 (72%) 1174 (72.1%) 0.92

CKD (GFR  <15)  (%) 304 (6.2%) 98 (6%) 0.76

COPD (%) 251 (5.1%) 93 (5.7%) 0.37

Cerebrovascular disease (%) 209 (4.2%) 74 (4.5%) 0.69

LVEF <35% (%) 281 (5.8%) 86 (5.3%) 0.47

Type of surgery 0.74

CABG  (%) 839 (51.5%) 2574 (52.7%)

Valvular (%) 363 (22.3%) 1000 (20.5%)

CABG + Valvular (%) 230 (14.1%) 681 (14%)

Others (%) 196 (12.1%) 626 (12.8%)

CKD: Chronic kidney disease. COPD: Chronic Obstructive Pulmonary Disease.  CABG: Coronary 
artery bypass grafting. GFR: Glomerular Filtration Rate. LVEF: Left ventricular ejection fraction
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Results
A total of 6509 consecutive patients undergoing cardiac surgery 

between 2007 and 2017 were included: 4881 (75%) in the derivation 
group and 1628 (25%) in the validation group. 

Fifty-two percent underwent coronary artery bypass graft (CABG) 
surgeries, 20% valve replacement, 14% combined procedures 
(revascularization-valve surgery) and 12% other procedures (e.g 
aortic surgery, septal myectomy or pulmonary endarterectomy). 
Cardiopulmonary bypass (CPB) was used in 45.7% of the procedures, 
and only in 1.85% (n=62) of CABG surgeries. Baseline characteristics 
of the population are described in Table 1. No statistically significant 
differences were found between the baseline characteristics of the 
derivation and validation group.

Eighteen percent of patients presented with postoperative AF, , 
19.1% in the derivation cohort and 17.8% in validation cohort (p = 
0.22).

the coefficients for the independent predictors into a simplified risk 
score system 21. Specifically, we calculated the number of points assigned 
to each variable by dividing its regression coefficient by the smallest 
coefficient in the model, then rounded this quotient to the nearest 
whole number. We then calculated each subject’s risk score by summing 
up the points of all variables present on admission. 

We randomly divided the study population into two groups using a 
numerical assignment with random sequence: one for model derivation 
(75% of the population) and the other for model validation (the 
remaining 25%).

Calibration was assessed using the Hosmer-Lemeshow (HL) 
goodness-of-fit test, which evaluates the difference between the real 
rate observed and the rate predicted by the model in different risk 
groups. A P value > 0.05 indicates that the model fits best for the data 
and, thus, predicts the probability of developing postoperative AF. We 
calculated the area under the curve (AUC)-ROCto assess the score’s 
predictive value. Youden’s index was used to establish the best cut-off 
point.

Ethical considerations
Committee on Ethics and Research approval was obtained with 

waiver of consent for retrospective review of previously collected de-
identified data.

Figure 2: Calibration plot for NOPAF score

Figure 3: Observed rates of POAFib by risk stratification for the derivation 
and validation cohorts (P<0.001)

Table 2: Characteristics of study participants with and without AF in the 
derivation cohort

With 
postoperative AF
(n=897)

Without 
postoperative AF 
(n=3948)

  
p

Age1 (mean±SD)  70.6 (±9.2) 63.7 (±11.6) <0.001

Male sex (%) 673 (72.1%) 3113 (78.9%) <0.001

Additive European system for 
cardiac operative risk evaluation 
score  (median, IQR 25-75)

6 (4-8) 4 (2-6) <0.001

European system for cardiac 
operative risk evaluation High score

358 (38.4%) 736 (18.6%) <0.001

Current smoker (%) 73 (7.8%) 538 (13.6%) 0.007

Diabetes (%) 216 (23.2%) 854 (21.6%) 0.3

 Hypertension (%) 698 (74.8%) 2816 (71.3%) 0.02

Previous cardiac surgery (%) 52 (5.6%) 194 (4.6%) 0.4

CKF (%) 98 (10.5%) 206 (5.2%) 0.1

COPD/Asthma (%) 66 (7.1%) 185 (4.7%) <0.001

Cerebrovascular disease (%) 46 (4.9%) 163 (4.1%) 0.4

LVEF < 30 (%) 83 (8.9%) 198 (5%) <0.001

HF (%) 124 (13.3%) 231 (5.9%) <0.001

Statin (%) 419 (44.9%) 2051(52%) <0.001

Beta Blocker (%) 581(62.3%) 2544(64.4%) 0.2

ACEI/ARB (%) 386 (41.4%) 1632 (41.3%) 0.9

Previous IABP (%) 5 (1.7%) 20 (1.5%) 0.2

Urgent surgery (%) 300 (32.2%) 1213 (30.7%) 0.3

Type of surgery   <0.001

 CABG (%) 346 (37.1%) 2228 (56.4%)  

Valve surgery (%) 272 (29.2%) 728 (18.4%)  

CABG + valve surgery (%) 201 (21.5%) 480 (12.5%)  

Thoracic aorta (%) 59 (6.3%) 233 (5.9%)

Other (%) 55 (5.9%) 279 (7.1%)  

CPB (%) 585 (62.7%) 1646 (41.7%) <0.001

Surgery No-CABG (%) 346 (37.1%) 2228 (56.4%) <0.001

CKF: Chronic kidney failure.  COPD: Chronic obstructive pulmonary disease. LVEF: Left ventricular 
ejection fraction. HF: Heart failure IABP: Intraaortic balloon pump. CPB: Cardiopulmonary bypass. 
ACEI: Angiotensin-Converting Enzyme Inhibitor. ARB: Angiotensin Receptor Blocker (ARB). 1: Years
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risk score called NOPAF, based only on preoperative variables that 
accurately stratified the risk of POAFib. The risk prediction model 
showed good discrimination and excellent calibration to predict this 
arrhythmia.

Several models were created to predict new-onset AF after cardiac 
surgery, like CHADS VASC, POAF, HATCH, Multicenter Study 
of Perioperative Ischemia (McSPI) AFRisk and Atrial Fibrillation 
Risk Index. Moreover, the CHADS VASC score, originally created 
to predict the risk of thromboembolism in patients with AF, was 
both prospectively and retrospectively validated for the prediction of 
POAFib 22,23. Kashani et al. (24) made a retrospective evaluation of 2385 
patients who underwent CABG surgery or valve surgery. At multiple 
regression analysis, high-risk patients (score≥2) had a significantly 
greater probability of developing postoperative AF as compared with 
the low-risk group (OR 5.21; p <0.0001), with an area under the curve 
of  0,65.  Finally, Yin L et al evaluated (25) this score system only 
in cardiac valve surgery, and under a multivariate regression analysis  
CHA2DS2-VASc score was a significant predictor of AFCS, with 
a similar a AUC ROC curve found in our study, of 0.765 (95%CI, 
0.723–0.807).

 The POAF score is a scoring system that was created and validated 
to predict postoperative AF in patients undergoing CABG surgery or 
valve surgery using 7 variables identified in a multivariable analysis, the 
discriminative ability of the score was moderate, with an area under 
the curve of 0.66 in the original cohort and of 0.65 in the validation 
cohort 20. 

The Multicenter Study of Perioperative Ischemia (McSPI) AFRisk 
15 had an area under the ROC curve of 0.77., but it is much complex 
model that requires pre-, intra-, and postoperative data

Regarding the HATCH score, a recent study aimed to investigate 
the association between HATCH score and AFCS after isolated 
CABG, showed that HATCH score (OR 1.334; 95% CI 1.022 to 
1.741, P=0.034) was an independent predictor of AF after CABG 
surgery, but with a poor discriminative ability to predict AFCS with 

Patients with POAFib were older (70.6 ±9.2 vs. 63.7±11,6 years; p< 
0.001) and had more comorbidities (Aditive EuroSCORE 6 vs. 4, p < 
0.001) compared with those without the arrhythmia, and the presence 
of hypertension, COPD, left ventricular dysfunction (LVD) and heart 
failure (HF) was more frequent. The rate of current smokers and male 
sex was lower (7.8% vs. 13.6%, p < 0.007 and 72% vs. 78%, p <0.001, 
respectively).

The use of preoperative beta blockers was similar in both groups 
(p = 0.2), while statins usage was lower among patients without the 
arrhythmia. POAfib occurred more frequently in surgeries other than 
CABG and surgeries with CBP (Table 2).

In the multivariate analysis, age, surgery using CBP, LVD, chronic 
renal disease (Creatinine clearance<60), and HF were independent 
risk factors for POAFib, while use of statins was a protective factor 
(Table 3). 

The score was calculated by adding points for each independent 
predictor. 

In the derivation cohort, the model showed very good discrimination 
with an AUC of 0.70 (CI 95% 0.68-0.72). In the validation cohort, the 
AUC was 0.67 (CI 95% 0.64-0.70), similar to the derivation cohort 
(p = 0.09).

The model also showed excellent calibration (HL p = 0.55) (Figure 
2). The expected/observed ratio was 1 (CI 95%: 0.89-1.12) (Table 4). 
The best cutoff point was 5, with a sensitivity of 75% (95% CI 70-90%) 
and a negative predictive value of 90% (95% CI 95-91%).

According to the risk category, POAFib occurred in 5% of the 
population with low risk; 11% with intermediate risk and 27.7% of the 
high risk group in the derivation cohort (p <0.001), and 5.7%, 12.6%, 
and 23.6% in the validation cohort groups respectively (p <0.001) 
(Figure 3). 

Discusión 
In this study, from one of the largest cohorts on the prediction of 

postoperative atrial fibrillation, we developed and validated a simple 

Table 3: Multivariable model and risk score for postoperative atrial 
fibrillation after cardiac surgery

Risk Factor OR (IC 95%) P B Coefficient Risk score 
weight

Age

60-69 years 2.94 (2.3-3.7) <0.001 1.08 5

70-79 years 4.7 (3.74-6) <0.001 1.555 8

>80 years 6.5 (4.8-8.7) <0.001 1.868 10

Heart Failure 1.48 (1.13-1.92) 0.004 0.392 2

Severe LVSF 1.46 (1.07-1.98) 0.015 0.379 2

CKD 1.47 (1.12-1.93) 0.005 0.388 2

CBP 1.97 (1.68-2.31) <0.001 0.679 4

Statin use 0.82 (0.70-0.96) 0.014 -0.194 -1

COPD: Chronic obstructive pulmonary disease. LVSF: Left ventricular systolic function <35%, CKD: 
Chronic kidney disease (CrCl <60). CBP: Cardiopulmonary bypass. Note: We used the method 
described by Sullivan et al. to calculate the risk score weight. We divide each regression coefficient 
by the smallest coefficient in the model (Statin use).

Table 4: Contingency table for Hosmer-Lemeshow test

Deciles Postoperative  Atrial Fibrillation Total

No Yes

Observed Expected Observed Expected

1 210 206,908 10 13,092

2 148 146,481 15 16,519

3 92 92,449 12 11,551

4 168 173,192 27 21,808

5 105 99,850 14 19,150

6 101 101,058 22 21,942

7 139 138,444 31 31,556

8 81 86,063 27 21,937

9 87 91,957 41 36,043

10 208 202,599 90 95,401

Total 1339 1339 289 289
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underdiagnosed asymptomatic atrial fibrillation, especially in those 
patients who required less monitoring time.

Conclusion
From a large hospitalized population, we developed and validated 

a simple risk score based on preoperative variables that accurately 
stratified the risk of atrial fibrillation after cardiac surgery. This score 
could help with patients risk stratification prior to surgery, identifying 
precisely those at high risk. Future validations are necessary in our 
environment, preferably with larger studies of prospective design.
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Introduction
Humans establish anatomical left-right asymmetry during 

embryogenesis. Variation from this normal arrangement—referred 
to as situs solitus results in heterotaxy. Heterotaxy may manifest as 
randomization (situs ambiguus) or complete reversal (situs inversus) 
of normal organ position. 1 Situs inversus may be associated with 
malposition of the heart in the thoracic cavity with or without 
malformations. Normally, the embryonic straight heart tube initially 
turns to the right, then grows to the left until the ventricular portion 
occupies a normal left thoracic position. Thus left thoracic heart 

(levocardia) with situs solitus is the normal arrangement in humans. 
Dextrocardia refers to positioning of the heart on the right side of 
the thoracic cavity and is commonly associated with situs inversus. 
Mesocardia refers to the heart lying in a central position in thorax. The 
four cardiac malpositions described are as below. 2

1. Situs solitus with dextrocardia
2. Situs inversus with dextrocardia
3. Situs inversus with levocardia
4. Mesocardia associated with situs solitus, situs inversus or situs 

ambiguus

Transcription factor Pitx 2 has been shown to have a fundamental 
role during cardiogenesis, and its misexpression has been implicated in 
arrhythmogenesis as well as visceral situs and congenital heart diseases.3 
This association between congenital heart diseases and arrythmias 
is intriguing and need exploring. Previously, Momma et al is the 
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Abstract
Introduction/Background: Dextrocardia is a malposition of the heart in the thoracic cavity. Dextrocardia has been known to cause diagnostic 

dilemmas with atypical presentations in acute coronary syndrome, as well as technical challenges in patients who require interventions 
such as coronary catheterization, transcutaneous aortic valve replacement, ablation for arrhythmias, or pacemaker/defibrillator placement. 
Transcription factor Pitx2 has been shown to have a fundamental role during cardio-genesis, and its misexpression has been implicated in 
arrhythmogenesis and congenital heart diseases including visceral situs inversus. This association between congenital heart diseases and 
arrythmias is intriguing and need exploring. We aimed to quantify the likelihood of arrhythmias in patients with dextrocardia.

Materials and Methods: A descriptive, retrospective study was conducted on the National Inpatient Sample (NIS) databases for the year 
2016. Patients with dextrocardia and arrhythmias were selected based on appropriate diagnostic codes. We used propensity score-matching 
to assemble a matched cohort in which adults with dextrocardia and controls balanced on measured baseline characteristics. This was 
done to reduce the confounding effect of between-group imbalances on outcomes. Complex survey design, weights, and clustering were 
accounted for during analysis. Multivariate regression analysis was performed to determine the relationship of arrhythmias and length of 
hospitalization with dextrocardia.

Results: The prevalence of arrhythmias in patients with dextrocardia was significantly higher than the control group. Overall, the odds of 
arrhythmia were higher for patients in the dextrocardia group when compared to a propensity matched control group [adjusted Odds ratio 
OR 2.60, Confidence Interval (CI) (1.67-4.06), p<0.001]. When looking at only principal/primary diagnosis on admission, the odds of an 
admitting diagnosis of arrhythmia were significantly higher in the dextrocardia group when compared to the matched cohort [adjusted OR 
3.70, CI (1.26-10.89), p 0.02]. The increased odds of arrhythmia in dextrocardia patients were mostly accounted for by the increased odds 
of atrial fibrillation/atrial flutter [OR 3.06, CI (1.02-9.18), p 0.046] in these patients. No significant difference was found in the odds of other 
arrhythmias or the length of stay between the two groups.

Conclusion: In a large inpatient population, patients with dextrocardia were more likely to have arrhythmias especially atrial fibrillation/
atrial flutter than patients without dextrocardia. Ours is the first study that investigates the clinical manifestations of molecular and 
embryologic associations between congenital heart disease and arrhythmias.
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only study that attempted to describe arrhythmias in dextrocardia. 
That study was limited by a very small patient population of only 40 
patients.4 Our study is the first study to describe the incidence of 
arrhythmias in patients with dextrocardia using the National Inpatient 
Sample database.

Materials and Methods
A descriptive, retrospective study was conducted on the National 

Inpatient Sample (NIS) databases for year 2016.5 NIS database is 
available from Healthcare Cost and Utilization Project, originally 
created by the Agency for Healthcare Research and Quality through 
a Federal-State-Industry partnership. It is the largest all-payer 
inpatient care public database in the United States which includes 
a 20% sample of patients from all hospitals in participating states. 
Discharges from all hospitals are sorted by hospital ownership, bed 
size, teaching status, urban/rural location, and four U.S census regions, 
and every fifth discharge is selected.  Each observation in the sample 
represents a unique hospitalization with information about patient 
demographics (age, gender, race and ethnicity), hospital characteristics, 
diagnoses at discharge (one primary and up to 29 secondary), up to15 
procedure codes, payer status information, length of stay, and discharge 
disposition. The diagnosis and procedures are available as International 
Classification of Diseases- Tenth Revision (ICD-10) codes. Weights 
are assigned to each discharge and are stored in each record in the data 
element discharge weight (DISCWT).[5] The study was exempted 
from institutional review board approval, and the requirement for 
informed consent was waived because the database uses previously 
collected de-identified data.

Admissions with Dextrocardia were selected based on the pertinent 
ICD-10 codes Q240 and ICD-10 code Q893 was used to identify 
situs inversus. Patients with concurrent arrhythmias as a primary or 
secondary diagnosis were selected based on appropriate ICD-10 codes. 
Additional comorbidities were identified as baseline characteristics 
and for matching using the appropriate ICD-10 codes (available via 
request from the corresponding author).  Analyses were conducted on 
adults aged 18 or greater. 

The primary outcome of interest was the occurrence of arrhythmias as 
a primary/principal diagnosis or any diagnosis (primary or secondary) 
in patients with dextrocardia. Secondary outcomes were the occurrence 
of atrial fibrillation/atrial flutter, cardiac conduction delay, cardiac 
arrest, supraventricular tachycardia and ventricular tachycardia in 
patients with dextrocardia. An additional secondary outcome was the 
difference in length of stay in patients with dextrocardia compared to 
those without.

We used propensity score-matching to assemble a cohort in which 
adults with dextrocardia versus without dextrocardia were balanced 
on measured baseline characteristics. This was done to reduce the 
confounding effect of between-group imbalances on outcomes. 
Covariates used in matching were: current or previous cardiovascular 
diseases, prior interventions for coronary artery disease, comorbidities 
(listed in Table 1), electrolyte imbalances, cardiogenic shock and 
respiratory failure. We used nearest-neighbor matching model without 
replacement to match our cohorts. Maximum propensity difference 
(caliper width) allowed was 0.01. Patients with dextrocardia without 

a matched observation were excluded. In the final analysis, 1255 
patients with dextrocardia were compared to 1255 matched patients. 
We examined differences in each covariate using t-test/chi-squared 
test to assess the efficacy of the propensity score model.

Statistical analysis was performed using STATA 13.1 (Stata Corp, 
College Station, TX). Complex survey design, weights, and clustering 
were taken into account during analysis. Weights were applied to 
the unweighted NIS data using “SURVEY” procedures in Stata, 
producing a nationwide discharge-level estimate for discharges from 
all hospitals in the USA. We computed mean, standard deviation, 
frequency, and percentages as our descriptive variables. Differences in 
mean and percentage were assessed using the t-test and chi-squared 
test respectively. Multivariate regression analysis was performed to find 
the relationship between Dextrocardia and length of stay and incidence 
of arrhythmias. A two-sided p-value of <0.05 was chosen as level of 
statistical significance.

Observational studies using administrative data, such as ours, require 
proper comorbidity adjustment between study and control group, to 
reduce bias. Two popular methods for comorbidity burden assessment 
are the Elixhauser comorbidity system, a set of 30 comorbidity 
indicators, and the Charlson co-morbidity index—a composite 
score summarized by a weighted combination of 17 comorbidities.6, 7 
Several studies have demonstrated Elixhauser comorbidity system to 
be superior for predicting various outcomes.8 We utilized Elixhauser 
score developed by van Walraven, a weighted composite score based 
on the Elixhauser system, as a measure of the comorbidity burden for 
adjustment between the patients with dextrocardia and the matched 
control group.9

In the multivariate regression analysis, the following variables were 
used: insurance type, age, gender, race, smoking status, hyperlipidemia, 
coronary artery disease, current or prior myocardial infarction, acute 
kidney injury, prior percutaneous coronary intervention, prior coronary 
artery bypass grafting, family history of coronary artery disease, personal 
history of cardiac arrest, cardiogenic shock, elixhauser score, respiratory 
failure requiring ventilation.

Figure 1: Selection of the patient cohort.
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Discussion
The incidence of situs inversus has been estimated to be around 1 in 

12,000 pregnancies (1 in 8000 to 1 in 25000). 1, 10 Dextrocardia with or 
without situs inversus has been reported to cause diagnostic dilemmas 
with atypical presentation in acute coronary syndrome.11 Altered 
anatomy seen with dextrocardia is even more of a challenge especially 
in patients who require interventions such as coronary catheterization, 
transcutaneous aortic valve replacement, ablation for arrhythmias, 
pacemaker/defibrillator placement. 12-22

During embryogenesis cardiomyocytes in the caudal heart tube are 
the first to become electrically active and become the “pacemaker”. The 
SA node, which develops during the fifth week, initially develops in 
the sinus venosus and then is incorporated into the RA. The AV node 
arises slightly superior to the endocardial cushions. Fibers forming the 
Bundle of His develop from fast-conducting ventricular myocardium 
while the SA and AV nodes are formed from the slow-conducting 
myocardium of the inflow tract and AV canal. Connective tissue grows 
in from the epicardium, forming the cardiac skeleton that separates 
conduction in the atria and ventricles.

A distinctive and essential feature of the vertebrate body is a 
pronounced left-right asymmetry of internal organs. The left right 
handedness of visceral organs is conserved among vertebrates and 
is regulated during embryogenesis by asymmetric signals relayed 
by molecules such as Shh, Nodal and activin.23 Molecular signals 
emanating from the node confer distinct left/right signaling pathways 
that ultimately lead to activation of the transcription factor Pitx2 in 
the left side of embryonic organ anlagen, including the developing 
heart.3 A highly controlled temporal and tissue-specific action of Pitx2 
during cardiac development has been described. Pitx2 is therefore the 
last effector of the left/right signaling cascade transmitting positional 
information from the uncommitted lateral plate mesoderm to distinct 
organ primordia such as the heart, lung and gut, among others, leading 
to distinct sidedness alterations within these organs if impaired.3 

Abnormalities in expression of Pitx2 has been directly linked to 
distinct congenital heart diseases including (Atrial Septa Defects, 
Ventricular Septa Defect, Double Outlet Right Ventricle, Right Atrial 
Isomerism, Transposition of Great Arteries and Tetralogy of Fallot).3 
Depletion of the asymmetric Pitx2c function has been shown to unbias 
the direction of heart looping, produce reversed heart looping and 
heart isomerisms, reversed body rotation, and reversed gut situs.24, 25 
Dextrocardia could be a result of the right-left mis-signaling and the 
altered looping of the congenital heart tube and thus Pitx2 may be 
linked to dextrocardia.

Atrial fibrillation is the most common arrhythmia in the general 
population, and it has been related to several risk factors, such as 
advanced age, male gender, hypertension, obesity, ischemic heart 
disease, myocardial infarction, valvular diseases and hyperthyroidism.26 
Several genome-wide association studies (GWAS) have been published 
reporting chromosomal loci in association with atrial fibrillation. 
Seminal GWAS study by Gudbjartsson et al., proposed an association 
between Pitx2 and atrial fibrillation, as a causative molecular link.27 
Pitx2 regulates atrial fibrillation through modulation of multiple genes 
and its functional role in atrial arrhythmias using distinct experimental 

Results
There were a total of 35,675,421 admissions in the year 2016. Out 

of these 1,495 patients were adults with a diagnosis of dextrocardia, of 
which 4.35% also had a diagnosis of situs inversus. After propensity-
score based matching 1,255 adults with dextrocardia were matched 
with 1,255 adults without dextrocardia. (Figure 1)

The mean age of patients with dextrocardia was 54.95 + 21.4 years. 
Among all patients with dextrocardia, 50.5% were female, 62.23% were 
white and the mean Elixhauser comorbidity score was 3.99 + 2.25. 
There was no significant difference between the dextrocardia group 
and the propensity matched control group with respect to the baseline 
demographics and comorbidity variables listed in Table 1 except for 
exposure to smoking. 

The prevalence of arrhythmia in patients with dextrocardia when 
compared to controls was significantly higher (44.62% vs 26.69%, p 
<0.001). (Table 1) Arrhythmia as the principal or primary admitting 
diagnosis was also assessed to be significantly higher in patients with 
dextrocardia when compared to controls (6.38% vs 2.39%, p=0,031).

Overall, the odds of arrhythmia as any diagnosis (primary or 
secondary) were higher for patients in the dextrocardia group when 
compared to the propensity matched control group [Odds ratio (OR) 
2.21, Confidence Interval (CI) (1.52-3.21), p <0.001]. These odds 
were even higher when adjusted for variables listed in methodology 
[OR 2.60, CI (1.67-4.06), p<0.001). (Table 2) Atrial fibrillation/flutter 
accounted for these increased odds of arrhythmias [OR 2.04, CI (1.24-
3.35), p 0.005) in patients with dextrocardia as there was no difference 
in the odds of other arrythmias between the two groups. (Table 2)

When looking at principal/primary diagnosis on admission, the 
odds of patients being admitted with arrhythmia were significantly 
higher in the dextrocardia group when compared to the matched 
cohort (Table 2). The odds were higher in the dextrocardia group 
even after adjustment [OR 3.70, CI (1.26-10.89), p 0.02]. Similar 
to any diagnosis, for primary/principal diagnosis the higher odds of 
arrhythmia in dextrocardia patients were influenced by the odds of 
atrial fibrillation/atrial flutter [OR 3.06, CI (1.02-9.18), p 0.046]. 
(Table 2). No significant difference was found in the length of stay 
between the two groups. (Table 2)

Figure 2: Schematic representation of potential association between 
Dextrocardia and Atrial Fibrillation.
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models has been demonstrated.3, 28 (Figure 2)

Based on the available molecular and genetic evidence of association 
between arrhythmias, particularly Atrial fibrillation, and congenital 
heart diseases including dextrocardia, our study aimed to explore the 
evidence of the same in clinical practice. We used an inpatient national 
database to identify patients with dextrocardia and arrhythmias and 
compared this cohort with a control group to identify associations 
between the two. To minimize the effect of baseline characteristics on 
outcomes, we used propensity score-matching to assemble a matched 
cohort in which adults with dextrocardia versus without dextrocardia 
were balanced on select covariates. Arrhythmia being mentioned as any 
diagnosis was one of our primary outcomes. Arrhythmia documented as 
principal/primary diagnosis was also compared between the two groups. 
We found a higher prevalence and incidence of arrhythmias in patients 
with dextrocardia when compared to the control group. We also showed 
an independent and significant association between dextrocardia and 
hospitalization for arrhythmias, including a three-fold increase in 
the odds of hospitalization with a primary diagnosis of arrhythmia in 
patients with dextrocardia. The difference in the odds of arrhythmia 
was mostly due to an increase in the odds of atrial fibrillation/atrial 
flutter between the two groups. Patients with dextrocardia also showed 
a trend towards higher odds for other arrhythmias although this trend 
did not reach statistical significance. 

Ours is the first study that investigates the clinical manifestations 
of molecular and embryologic associations between congenital heart 
disease and arrhythmias. Further studies to elucidate the same are 
needed and should be encouraged.

Table 1: Patient characteristics.

Patient characteristic Patients with 
dextrocardia (n) 1255

Patients without 
dextrocardia (n) 1255

p-value

Demographics

Mean Age (SD) years 56.47 (21.35) 56.47 (21.35) 1

Female (%) 49 49 1

Race (%)

  White 65.34 65.34 1

  African American 17.13 17.13 1

  Hispanic 13.94 13.94 1

  Asian or Pacific Islander 0.8 0.8 1

  Native American - - -

  Others 2.79 2.79 1

Insurance type (%)

  Medicare 53.78 45.42 0.06

  Medicaid 16.33 21.51 0.15

  Private insurance 21.51 25.9 0.24

  Self-pay 3.98 3.59 0.82

  No charge - - -

  Other 4.38 3.59 0.67

Mean Elixhauser score (SD) 3.86 3.90 0.42

Comorbidities (%)

  Hypertension 55.38 57.37 0.65

  Diabetes 25.89 23.90 0.62

  Hyperlipidemia 32.27 33.07 0.85

  Valvular heart disease 11.16 12.35 0.70

  Prior coronary artery 
disease/ MI

25.09 28.69 0.39

  Prior PCI/CABG 9.16 9.16 1.0

  Prior cardiac arrest 0.39 0.79 0.56

  Chronic kidney disease 19.92 21.51 0.66

  Fluid and electrolyte 
disorders

32.67 37.85 0.24

  Chronic lung disease 33.07 30.28 0.50

  Pulmonary circulation 
disorders

14.34 17.53 0.33

  Peripheral vascular disease 9.96 9.96 1.0

  Thyrotoxicosis - - -

  Hypothyroidism 13.15 15.54 0.46

  Anemia 5.98 4.78 0.56

  Coagulopathy 8.37 9.96 0.53

  Obesity 14.34 15.94 0.63

  Family history of CAD 3.98 5.58 0.40

Smoking status (%) 25.49 33.87 0.04

Alcohol or drug abuse 4.78 5.18 0.83

Current diagnosis or 
intervention (%)

  Myocardial infarction 3.59 3.98 0.82

  Acute heart failure 21.91 22.31 0.92

  Arrhythmia 44.62 26.69 <0.001

  Arrhythmia as primary 
diagnosis

6.38 2.39 0.031

  Cardiogenic shock 0.79 0.39 0.56

  Respiratory failure 19.52 16.34 0.36

  Mechanical ventilation 10.76 7.97 0.29

  Acute kidney injury 21.12 21.91 0.83

  Diagnostic EP study, 
ablation/ICD or pacemaker 
placement

1.19 0.39 0.31

Table 2: Primary and Secondary Outcomes: The odds of arrhythmias in 
patients with dextrocardia when compared to a matched cohort

Outcomes Univariable analysis
OR (CI)

p-value Multivariable 
analysis
OR (CI)

p-value

Primary Outcome

Arrythmia – Any 
diagnosis

2.21 (1.52 – 3.21) <0.001 2.60 (1.67 – 4.06) <0.001

Arrhythmia – Primary 
diagnosis

2.78 (1.05 – 7.36) 0.04 3.70 (1.26 – 10.89) 0.02

Secondary Outcomes

Atrial fibrillation/ 
Atrial flutter

1.79 (1.18 – 2.71) 0.006 2.04 (1.24 – 3.35) 0.005

Supraventricular 
tachycardia

1.97 (0.85 – 4.6) 0.12 1.94 (0.82 – 4.56) 0.13

Ventricular 
tachycardia

1.51 (0.42 – 5.4) 0.53 1.22 (0.32 – 4.54) 0.77

Conduction disorder 1.25 (0.57 – 2.74) 0.58 1.39 (0.65 – 3) 0.39

Cardiac arrest 2.53 (0.48–13.45) 0.28 3.40 (0.42 – 27.29) 0.25

Univariable analysis 
Coefficient

p-value Multivariable 
analysis
Coefficient

p-value

Length of Stay -0.6 (-2.63 – 1.36) 0.53 -0.11 (-1.85 – 1.63) 0.9
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Implantation in a Patient with Mirror-Image Dextrocardia. Chest, 1976. 69(4): 
p. 558-561.

16. Morita, Y., et al., Transcatheter aortic valve implantation for severe aortic stenosis
in dextrocardia with situs inversus using a self-expanding aortic valve. Journal of
cardiology cases, 2018. 17(6): p. 208-211.

17. Pattakos, G., et al., Transcatheter Aortic Valve Replacement in a Patient With
Dextrocardia and Situs Inversus Totalis. The Annals of Thoracic Surgery, 2019. 
107(1): p. e33-e35.

18. Rai, M.K., et al., Transvenous permanent pacemaker implantation in dextrocardia: 
technique, challenges, outcome, and a brief review of literature. EP Europace, 2014. 
16(9): p. 1327-1333.

19. Sharma, M., R. Neupane, and K. Khalighi, Revisiting Atrioventricular Nodal
Ablation and Cardiac Pacing of Atrial Fibrillation in a Patient with Dextrocardia. 
The American journal of case reports, 2018. 19: p. 458.

20. Steinberg, C., M.W. Deyell, and S. Chakrabarti, Just flip it!—CRT implantation in 
a patient with dextrocardia and situs inversus totalis. Journal of Arrhythmia, 2018. 
34(6): p. 656-658.

21. Zhou, G.-B., et al., Catheter ablation of supraventricular tachycardia in patients
with dextrocardia and situs inversus. Journal of Cardiovascular Electrophysiology, 
2019. 0(0).

22. Adrian Baranchuk, R.S., Christopher S. Simpson, Kevin A. Michael, Damian P. 
Redfearn, Ablation of a left lateral accessory pathway in a patient with dextroposition 
of the heart. Cardiology Journal2012. 19(4): p. 439-440-439-440.

23. Ryan, A., et al., Pitx2 determines left-right asymmetry of internal organs in
vertebrates. Nature, 1998. 394: p. 545-51.

24. Mercola, M. and M. Levin, Left-right asymmetry determination in vertebrates. 
Annual Review of cell and developmental Biology, 2001. 17(1): p. 779-805.

25. Logan, M., et al., The transcription factor Pitx2 mediates situs-specific morphogenesis
in response to left-right asymmetric signals. Cell, 1998. 94(3): p. 307-317.

26. Go, A.S., et al., Prevalence of diagnosed atrial fibrillation in adults: national
implications for rhythm management and stroke prevention: the AnTicoagulation 
and Risk Factors in Atrial Fibrillation (ATRIA) Study. Jama, 2001. 285(18): p. 
2370-2375.

27. Gudbjartsson, D.F., et al., Variants conferring risk of atrial fibrillation on chromosome
4q25. Nature, 2007. 448(7151): p. 353-357.

28. Torrado, M., et al., A microRNA-transcription factor blueprint for early atrial
arrhythmogenic remodeling. BioMed research international, 2015. 2015.

The main limitation of our study is the lack of data on the appropriate 
use of the diagnostic code for Dextrocardia, which is a new code in 
ICD-10. 

Conclusion
Dextrocardia is an uncommon condition which is often, but not 

always associated with situs inversus. Dextrocardia is not just an 
anatomical malposition of the heart in the thorax, but also seems to 
correlate with clinical consequences. Molecular pathways involving 
the misexpression of transcription factor Pitx2 have been implicated in 
congenital heart diseases and arrhythmias. We explored the association 
between one of the congenital heart diseases (dextrocardia) and 
prevalence as well as adjusted odds of arrhythmia in these patients. 
In a large inpatient population, patients with dextrocardia were more 
likely to have arrhythmias especially atrial fibrillation/atrial flutter than 
patients without dextrocardia. A trend towards increased odds of other 
arrythmias were also seen in patients with dextrocardia however these 
odds did not reach statistical significance.
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Introduction
Catheter ablation has become an established therapy for atrial 

fibrillation (AF). However, many patients experience atrial 
tachyarrhythmias even after AF ablation, including not only recurrent 
AF but also regular atrial tachyarrhythmias (AT). As far as an AT 
is stable, the AT circuit is easily visualized using a 3-dimensional 
electroanatomical mapping system, and the ablation targeting the 
earliest activation site for centrifugal AT or the linear ablation 
interrupting the reentrant circuit for macro-reentrant AT are effective 
for AT elimination.1, 2 However, if an AT is too unstable to create an 
activation map and/or to allow performance of an entrainment study, 
the entire activation circuitcan not be entirely defined. In such a case, 
conventional ablation targeting an undetermined AT circuit can rarely 
eliminate all the unmappable ATs.

Recently, left atrial (LA)low-voltage areas (LVAs)have been reported 
to correlate well with recurrent atrial tachyarrhythmias after pulmonary 
vein isolation (PVI) in patients with AF.3-5 LVA ablation in addition to 
PVI has been shown to result in better procedural outcomes than PVI 
alone.3We recentlyreported that stable macro-reentrant ATs induced 
after PVI depended on the distribution of LVAs, and that most slow-
conduction isthmuses might be located within LVAs.6

We hypothesized that some parts ofcritical substrates of unmappable 
ATs, such as a slow-conduction isthmus,are locatedwithin LVAs, and 
that LVA ablation could eliminate unmappable ATs. The purpose of 
this study was to assess the efficacy of LVA ablation on unmappable 
ATs refractory to conventional ablation.

Methods
Patients

This observational study enrolled consecutive AF patients who 
developed unmappable ATs after AF ablation at Kansai Rosai Hospital 
from December 2014 to April 2017.Unmappable AT was defined as 
an AT that lasted for >5 s, andterminated or changedthe activation 
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Abstract
Aims: Unmappable regular atrial tachycarrhythmias (ATs) occasionally develop during atrial fibrillation (AF) ablation, and are difficult to 

treat by conventional ablation. Recently, low-voltage areas (LVAs) have been reported to representAT substrate. The purpose of this study was 
to elucidate the efficacy of LVA ablation for unmappable AT.

Methods: This observational study included 32 consecutive patients who developed unmappable ATs during and after AF ablation. 
Unmappable AT was defined as AT lasting for >5 s, but that terminated or changed the activation sequence over too short a time to create a 
sufficient activation map.We used conventional ablation to target undetermined AT circuits estimated from activation timings of electrograms 
recorded on the placed electrode catheter, the response to entrainment mappings, and/or diastolic potentials during AT. Subsequently, in 
cases without successful elimination of unmappable ATs by conventional ablation,LVA (≤ 0.5mV)ablation was performed at the discretion 
of the operators.

Results:Conventional ablation failed to eliminate at least one unmappable AT in 29 patients. Among them, LVA ablation was performed in 
16 patients. LVA ablation eliminated all the unmappable ATs in 8 of 16patients. The LVA size did not differ between patients with and without 
the acute elimination of unmappable ATs (17±11 vs. 21±12 cm2, p=0.39), and AT/AF recurrence rates were comparable between the two 
groups (38% vs. 63%, p=0.62)during a mean follow-up period of 14±8 months. 

Conclusion:LVA ablation was efficacious to some extent for the elimination of unmappable ATs refractory to conventional ablation.
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sequence over too short a time to allow creation of an activation map 
to identify the ablation target (Figure 1 and 2). Patients in whom 
ablationtar geting undetermined unmappable AT circuits (conventional 
ablation) failed to eliminate at least oneunmappable AT were divided 
into two groups according to whether they had received LVA ablation. 
The discretion to perform LVA ablation was made by the attending 
operators considering the operation time, patient condition, and other 
clinical factors. A patient flow chart is shown in Figure3.

Exclusion criteria were age < 20 years, prior cardiac surgery, and prior 
LVA ablation. This study complied with the Declaration of Helsinki. 
Written informed consent for the ablation and participation in the 
study was obtained from all patients, and the protocol was approved 
by our Institutional Review Board.

Catheter setting and PVI
Catheter ablation was performed by two experienced operators 

(MM and TK) with the patient under intravenous sedation with 
dexmedetomidine. A 6-Fr decapolar electrode was inserted into 
the coronary sinus while a second 6-Fr decapolar electrode was 
placed in the right atrium. Following a transseptal puncture at the 
fossa ovalis, two long sheaths (Agilis® and SL0®, St. Jude Medical, 
St. Paul MN, USA) were introduced into the left atrium. A 20-
pole circular catheter was placed in a pulmonary vein via the SL0® 
sheath. Subsequently, the operators performed mapping and ablation 
guided by an electroanatomical mapping system (Carto3®; Biosense 
Webster, Diamond Bar CA, USA; or Rhythmia®, Boston Scientific, 
Marlborough [Cambridge] MA, USA). 

In initial AF ablation, extensive encircling PVI was performed first. A 
dragging technique was employed to perform circumferential ablation 
around both ipsilateral pulmonary veins using an open-irrigated 
ablation catheter with a 3.5-mm tip (ThermocoolSmartTouch® or 
Thermocool Celsius®, Biosense Webster) via the Agilis® or SL0® 
sheath (St. Jude Medical). Radiofrequency energy was applied for 
30 s (15 s at the posterior LA wall near the esophagus) at each site 

using a maximum temperature of 42°C and maximum power of 35 
W. The irrigation rate was 8 or 17 mL/min. Operators attempted
to maintain an appropriate contact force between the catheter and
endocardium of between 5 and 20 g, if contact force measurement was 
available. PVI was considered complete when both entrance and exit
blocks were created. In patients undergoinga repeat ablation procedure, 
the conduction blocks of the previous PVI and other previous linear
ablations were confirmed. If a block line was reconnected, additional
point-by-point ablations were performed at the conduction gap sites. 
Non-pulmonary-vein AF triggers were attempted to be ablated
guided by P-wave morphology and activation sequence of intracardiac 
electrogram recording.7

Voltage mapping
A voltage map using a3.5-mmablat ion catheter 

(ThermocoolSmartTouch®, Biosense Webster), 20-pole circular 
catheter with 1mm-electrode, or 64-pole mini-basket catheter with 
0.4-mm2 print electrode (Orion®, Boston Scientific) was created 
after PVI.Mapping was performed throughout the entire LA during 
sinus rhythm in principle; however, AT or AF rhythms were allowed 
when sinus rhythm could not be maintained.In addition, high-density 
mapping was performed at sites where LVAs had been detected to 
delineate the extent of each LVA. We confirmed adequate endocardial 
contact by stable electrograms, the distance to the geometric surface, 
and if available, contact force ≥ 5 g. The band pass filter was set at 
30–500 Hz. Bipolar peak-to-peak voltage at each acquired point was 
measured. We defined LVAs as sites ≥ 5 cm2 demonstrating local 
bipolar voltage ≤ 0.50mV.

Induction, mapping and ablation of ATs after the PVI
The induction of AT was performed with burst pacing from the 

electrodes placed in the right atrial (RA) appendage and from those in 
the LA appendage sequentially. Constant burst pacing was performed 
for 5 s at each cycle length starting with 300 ms and decrementing by 
20 ms to 200 ms or theshortest cycle length that resulted in 1:1 atrial 
capture at an amplitude of 10 V and a pulse width of 1 ms.Above 
induction protocol was repeated again under isoproterenol infusion 
of 5µg/min.

When a stable mappableAT was induced, an activation map using 
the electroanatomical mapping system was created to delineate the 

Figure 1: A representative case with complete voltage homogenization

A case (#15 in Table 2) with 4 unmappable ATs after pulmonary vein isolation (A). LVAs were 
distributed in the septal and posterior regions (B). Conventional ablation failed to eliminate some 
unmappable ATs. LA LVA ablation achieved complete voltage homogenization (C). However, some 
unmappable ATs were still inducible even after the LVA ablation.
AT, atrial tachycardia; LVA, low-voltage area; LA, left atrial

Table 1: Patient characteristics

Age, years 72±8

Female, n (%) 17 (53)

Body mass index, kg/m2 23.1±3.7

AF type, n (%)

Paroxysmal 14 (44)

Persistent (< 1 year) 17 (53)

Long-standing persistent 1 (3)

AF duration, months 14 (5,22)

Hypertension, n (%) 13 (41)

Diabetes mellitus, n (%) 6 (19)

Heart failure, n (%) 9 (28)

CHA2DS2-VASc score 3.0 ± 1.5

LA diameter, mm 44± 8

Use of Rhythmia®, n (%) 4 (12)

Repeated ablation, n (%) 17 (53)

2nd session 14 (44)

> 2sessions 3 (9)
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arrhythmia clinic of our institution for a minimum of 1 year. Routine 
ECGs were obtained at each outpatient visit, and 24-h ambulatory 
Holter monitoring was performed 6 and 12 months post-ablation. 
When patients experienced symptoms suggestive of an arrhythmia, a 
surface ECG, ambulatory ECG, and/or cardiac event recording were 
also obtained. Either of the following events after the initial 3 months 
from the ablation (blanking period) was considered to indicate atrial 
tachyarrhythmia (AF and regular atrial tachycardia) recurrence: (1) 
atrial tachyarrhythmia recorded on a routine or symptom-triggered 
ECG during an outpatient visit, or (2) atrial tachyarrhythmia of at least 
30 s duration on ambulatory ECG monitoring. No antiarrhythmic 
drugs were prescribed after the ablation procedure unless recurrent 
atrial tachyarrhythmia was observed.

Statistical analysis
Continuous data are expressed as the mean ± standard deviation or 

median (interquartile range). Categorical data are presented as absolute 
values and percentages. Tests for significance were conducted using 
the unpaired t-test, or nonparametric test (Mann-Whiney U-test) for 
continuous variables, and the chi-squared test or Fisher’s exact test for 
categorical variables. All analyses were performed using commercial 
software (SPSS version 22.0®, SPSS, Inc., Chicago IL, USA).

Results
Patients

Among 911AF ablation procedures during the study period, 
unmappable ATs developed in 32 cases.Patient characteristics are 
shown in Table 1. Of 17 (53%) patients undergoing repeat ablation, the 

AT circuit. Entrainment studies werealso performed for the macro-
reentrant AT to confirm the reentrant circuit.An ablation targeting the 
earliest activation site for centrifugal AT or a linear ablation interrupting 
the reentrant circuit for macro-reentrant AT was performed. 

If unmappable ATs were encountered, the operator initially tried to 
ablate the unmappable AT sbased on the undetermined AT circuits 
estimated using conventional methods such as activation timings of 
placed catheter electrodes, the responses to entrainment pacing, and/or 
the distribution of diastolic potentials, defined as an fractionated signals 
covering the missing time zone of simple large signals recorded on other 
electrodes during AT. If an induced AT was successfully eliminated by 
conventional ablation, the induction protocol was repeated again until 
no atrial tachyarrhythmias other than AF was induced.

Ifthe induction resulted in AF lasting for>1 minute, electrical 
cardioversion was delivered to restore sinus rhythm and the next 
inductionwas delayed for a period of time greater than twice the 
duration of the last induced AF episode to ensure recovery of the 
AF-induced shortening of the myocardial refractory period to base 
line values.8

LVA ablation
LA LVA ablation was performed at the discretion of the attending 

operators based on the presence of an LVA, patient condition, time 
spent on the PVI and other ablations, andclinical course (symptoms, 
frequency) of the arrhythmias. 

LA LVAs were regionally ablated with the power set at 30W, and 
the ablation catheter was moved point by point in a dragging fashion 
via along sheath (Figure 1 and 2). The endpoint at each ablation site 
was defined as an electrogram voltage reduction of >50% during sinus 
rhythm.5The LA posterior LVA was sometimes isolated by PVI, roof, 
and bottom lines. Both entrance and exit blocks between the posterior 
wall and other LA were confirmed. 

Follow-up
Patients were followed up every 4–8 weeks at the dedicated 

Figure 2: A representative case with residual LVAs after LVA ablation.

A case (#9 in Table2) with 2 unmappable ATs after pulmonary vein isolation (A). LVAs were 
distributed in the septal, anterior, roof, and posterior regions (B). Conventional ablation failed to 
eliminate some unmappable ATs. LA LVA ablation failed to complete voltage homogenization 
(C).Ablation at anterior, septal, and inferior regions were aborted to avoid conduction delay at 
Bachman’s bundle, atrioventricular block, and esophageal injury. However, unmappable ATs were 
no longer inducible after the LVA ablation.AT, atrial tachycardia; LVA, low-voltage area; LA, left atrial

Figure 3: Patient flow chart.

Conventional ablation targeting the undetermined AT circuits estimated from activation timings of 
electrograms recorded on the placed electrode catheter, the response to entrainment mappings, 
and/or diastolic potentials during AT, was performed. After that, LVA ablation was performed at the 
discretion of the operators. *Conventional ablation included LA roof line in 4 patients, LA bottom 
line in 3, septal mitral line in 1, posterior mitral line in 1, cavo-tricuspid isthmus line in 4, isolation 
of SVC in 1, and diastolic potential during AT in 2. †The reasons for not performing LVA ablation 
were as follows: LVA was not observed in 1 patient and 12 patientswere too exhausted to endure an 
additional LVA ablation after the time-consuming conventional ablation procedure. 
UATs,unmappable atrial tachycardias; LVA, low-voltage area; LA, left atrial; SVC, superior vena cava
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Ablation for mappable ATs
Twenty-eight mappable ATs developed in 21 patients spontaneously 

and/or by pacing induction before and during the LVA ablation 
procedure, except for those developing after LVA ablation. Identified 
mappableAT circuits consisted of 15 macro-reentrant type (6 peri-
mitral, 3 LA roof dependent, 1 RA lateral wall, 5peri-tricuspid ATs), 
and 13 focal type (1 LA anterior, 4 LA septal, 1 LA posterior wall, 3 
LA appendage, 1 RA appendage, 1 SVC, 1 coronary sinus ostium, and 
1 lateral tricuspid annulus). Catheter ablation successfully eliminated 
all the mappable ATs.

Conventional ablation of unmappable ATs
During the ablation procedure, 117 unmappable ATs developed 

spontaneously and/or by pacing induction. Unmappable ATs were 
sustained for58 (19, 161) with a cycle length of 270 (230, 320)ms. 
Conventional ablation targeting the estimated AT circuits resulted in 
the complete elimination of ummappable ATs in 3 (9%) cases (Figure 
3). Detailed ablation sites were: LA roof line in 4 patients, LA bottom 
line in 3, septal mitral line in 1, posterior mitral line in 1, cavo-tricuspid 
isthmus line in 4, isolation of SVC in 1, and diastolic potential during 
AT in 2.

LVA ablation
Among the 29 (91%) cases with residual unmappable ATs following 

conventional ablation, 16 underwent LVA ablation. LVA ablation was 
not performed in the remaining 13 patients for the following reasons: 
LVA was not observed in the LA in 1 patient, and the operator assessed 
that the patient could not endure the additional LVA ablation due 
to the exhaustion from the time consuming procedures before LVA 
ablation (12 patients).Among the patients with residual unmappable 
ATs following a conventional ablation, the number of unmappable 
ATs were comparable between the patients with and without an LVA 

Table 2: Substrate and atrial tachyarrhythmias in each patient with LVA 
ablation

No Before LVA ablation After LVA ablation

Already-ablated 
lesions

LVA UAT Residual LVA Inducible 
tachycardia

LA RA Region Area, 
cm2

No CLs*, 
ms

Region Area, 
cm2

Area, cm2

1 R f , 
Btm, 

CTI Post 11 10 170-380 - - -

2 Spt, Rf - Spt 10 1 220-220 - - AF, UAT

3 Spt Spt Spt, Ant 25 2 230-230 - - -

4 Lat CSo, 
TA, 
SVC

Spt 13 3 220-270 - - -

5 Rf, Btm - Spt, Ant 10 5 210-380 - - AF, UAT

6 App - Ant 6 2 300-320 - - -

7 - CTI Ant, Rf 7 6 250-320 - - UAT

8 Spt, Rf, 
App

- Spt, Ant, 
Lat

13 1 230-230 Spt, Ant 5 -

9 Ant - Spt, Ant, 
Rf, Post, 
Inf

32 2 250-310 Spt, Ant, 
Inf

9 -

10 Spt - Spt, Ant, 
Inf

33 2 270-280 - - UAT

11 - - Spt, Ant, 
Rf

5 1 220-220 - - -

12 Ant - Spt, Ant, 
Rf, Inf

30 2 330-360 Ant, Rf, 16 MAT†

13 - CTI, 
SVC, 
App

Spt, Ant, 
Post

24 5 230-340 - - UAT

14 Rf, Btm - Spt, Ant, 
Rf, Lat

35 2 310-750 Spt, Ant 12 UAT

15 - CTI Spt, 
Post

15 4 220-310 - - UAT

16 S p t , 
A n t , 
App

- Spt, Ant, 
Post, Rf

36 4 270-390 - - UAT

Table 3:
Comparisons of electrophysiological and anatomical properties 
between patients with and without successful elimination of 
unmappable AT(s) by LVA ablation 

Elimination of unmappable ATs by LVA ablation

Successful
n =8

failed
n= 8

P

Number of unmappable ATs 2.9 ± 2.9 3.6 ± 1.8 0.55

LA diameter, mm 44 ± 8 46 ± 10 0.87

Estimated ATorigin

  Left atrium only 8 (100) 6 (75) 0.32

  Both left and right atria 1 (13)

  Unknown 1 (13)

Shortest cycle length, ms 244 ± 50 248 ± 34 0.80

Longest cycle length, ms 290± 62 374± 161 0.24

LA area, cm2 141± 21 141± 14 0.98

LVA, cm2 17± 11 21± 12 0.59

Proportion of LVA in relation to LA 
surface, (%)

13 ± 8 18± 13 0.29

Complete voltage homogenization 7 (88) 4 (50) 0.08

AF inducibility after LVA ablation 0 (0) 3 (38) 0.62

Recurrence during follow-up period

  AT 1 (13) 4 (50) 0.28

  AT and/or AF 3 (38) 5 (63) 0.62

*Minimum - maximum cycle lengths are shown.†The mappable AT had a bi-atrial reentrant circuit 
and was successfully eliminated by focal ablation at the RA-LA connection. LVA indicates low-
voltage area; No, number; UAT, unmappable atrial tachycardia; LA, left atrium; RA, right atrium; 
CLs, cycle lengths; Rf, roof; Btm, bottom; Spt, septal; Lat, lateral; App, appendage; Ant, anterior; CTI, 
cavo-tricuspid isthmus; CSo, coronary sinus ostium; TA, tricuspid annulus, SVC; superior vena cava; 
Post, posterior; Inf, inferior; AF, atrial fibrillation; MAT,mappable AT.

ablation of lesions in addition to PVI created at the previous ablation 
included 4 LA roof lines, 3 LA bottom lines, 2 mitral isthmus lines, 
and 7 cavo-tricuspid isthmus lines for induced macro-reentrant ATs, 
and 1 isolation of superior vena cava (SVC) and 1 focal ablation at the 
anterior LA for a non-PV AF trigger.

PVI and Voltage mapping
In the ablation procedure, de novo PVI or repeat PVI were performed 

in all patients. After the completion of PVI, a voltage map was created 
during sinus rhythm in 26 patients, and during atrial tachyarrhythmias 
in 6 patients. The number of mapping points were 133 (106, 170) 
using the Carto3®with the ablation catheter (n = 19), 1028(872, 1129) 
with the circulation catheter (n = 9), and 7588(6718, 9220) using the 
Rhythmia® with the mini-basket catheter (n = 4). LVAs existed in 31 
(97%) patients with an area of 19 ± 12cm2, occupying 16% ± 12% of 
the LA surface area.
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LVA smay act as arrhythmogenic substrates of AT.LVAs on the atrial 
voltage map have been reported to correlate with regions of scarring 
detected by delayed enhancement on magnetic resonance imaging.9, 10 

Fibrotic scar tissue and surrounding diseased myocardium might form 
an arrhythmogenic substrate by predisposing to reentry, which plays 
an important role in the maintenance of atrial tachyarrhythmias.11, 12 
A prior clinical study demonstrated slow conduction of propagation 
wave fronts at LVAs.13 We recently reported that macro-reentrant ATs 
following PVI were likely to have LVAs on their reentrant circuits.6 
More directly, a detailed analysis of scar-related AT using an ultra-
high-resolution mapping system revealed that the slow-conduction 
isthmus of macro-reentrant AT had a much lower voltage than the 
surrounding area.14 It has also been reported that that the connection 
between fibroblasts and myocytes shortens the action potential 
duration, possibly resulting in the development of triggered activity 
at the LVA.15

Substrate ablation targeting LVA for unmappable ATs
The present study showed that LVA ablation successfully eliminated 

unmappable ATs in half of patients. The underlying concept of the 
substrate-based approach targeting LVAs is to ablate the critical 
slow-conduction channels and some foci of ectopic activity, which 
might contribute to the development and maintenance of unmappable 
ATs. Although the conventional ablation strategy identifying the AT 
circuit using a 3-dimensional electroanatomical mapping system 
in conjunction with electrophysiological maneuvers, including an 
entrainment study, is the optimal approach to the ablation of an AT, it 
works as far as the AT is stable enough to draw a map and/or perform 
entrainment pacing. LVA ablation is a substrate ablation strategy that 
may enable operators to ablate some unmappable ATs refractory to 
conventional ablation.

A substantial proportion of unmappable ATs were not eliminated 
by LVA ablation. There are probably several reasons.Macro-reentrant 
ATs propagating around large anatomical obstacles like the tricuspid 
or mitral annuli can occur without any obvious slow-conduction area 
on the circuit. ATs with abnormal automaticity and triggered activity 
would not necessarily depend on the existence of significant amounts 
of fibrotic tissue. Voltage mapping and ablation were performed 
only in the left atrium,which might have missed arrhythmogenic 
substratesin the RA, coronary sinus, and other epicardial structures. The 
radiofrequency application at LVAs was continued until a significant 
reduction of voltage on an ablation catheter was observed. However, 
this endpoint may allow some residual viable myocardium to act as an 
arrhythmogenic substrate, because tiny signals would be obscured using 
the large electrodes of ablation catheters.16

Long-term outcomes
LVA ablation in addition to PVI has been reported to be effective to 

improve the rhythm outcomes in AF patients.3 In addition, successful 
elimination of AT that develops during AF ablation procedures could 
be associated with a reduced long-term AT/AF recurrence rate. 
However, in the present study, the long-term AT/AF recurrence rates 
did not differ between the patients with and without an LVA ablation 
for unmappable ATs, nor between those with and without a successful 
elimination of unmappable ATs after the LVA ablation. The sample size 
was too small to appropriately explore the long-term rhythm outcomes 

ablation (3.3 ± 2.4 vs. 4.0 ± 2.2, p = 0.38).

Electrophysiological details of each patient undergoing LVA ablation 
are shown in Table 2. LVA was observed at the anterior and/or septal 
regions in most patients, followed by roof and posterior regions with 
an area of 19 ± 11 cm2 occupying 15% ± 11% of the LA surface area.

LVA ablation was performed with a mean radiofrequency application 
time of 9.6 (4.6, 19.6) min. Voltage homogenization in all LVAs was 
achieved in 12 (75%) patients. In the remaining 4 patients, ablation at 
anterior, septal, roof, and/or inferior regions were performed to an extent 
not causing conduction delay at Bachman’s bundle, atrioventricular 
block, or esophageal injury.

AT/AF inducibility after LVA ablation
Atrial burst pacing after LVA ablation induced unmappable ATs in 

8 (50%) patients (Table 2). The distribution of the patients undergoing 
repeat ablation procedures (63% vs. 50%, p = 1.0) and those with a 
paroxysmal type of AF (63% vs. 50%, p = 1.0) did not differ between 
the patients with and without AT/AF inducibility after the LVA 
ablation. Comparisons of electrophysiological characteristics between 
patients with and without AT/AF inducibility after LVA ablation 
are shown in Table 3. The LVA size and the ratio of complete voltage 
homogenization did not differ between patients with and without 
successful elimination of unmappable ATs. A stable and mappable AT 
was induced after LVA ablation in one patient (Table 2, case No. 14). 
The AT had a bi-atrial reentrant circuit and was successfully eliminated 
by focal ablation at the RA-LA connection.

Long-term outcomes
During a mean follow-up period of 14 ± 8 months, AT/AF recurrence 

was observed in 20 patients (63%). There was no difference in recurrence 
rates between patients with and without residual unmappable ATs 
after the conventional ablation (62% vs.67%, p = 1.00). The numbers 
of induced unmappable ATs were comparable between the patients 
with and without an AT/AF recurrence (3.6 ± 2.0 vs. 3.9 vs. 2.6, p 
= 0.66). Further, among 29 patients with residual unmappable ATs 
after conventional ablation, the recurrence rates were 50% and 75% in 
patients with and without additional LVA ablation, respectively. (p = 
0.25). In addition, among 16 patients with LVA ablation, no statistical 
difference in AT/AF recurrence rates was observed between patients 
with and without successful elimination of unmappable AT (Table 3).

Discussion
This observational study included 32 consecutive patients who 

underwent AF ablation and developed unmappable ATs. Of 29 
patients in whom conventional ablation failed to eliminate at least one 
unmappable ATs,16 patients underwent LVA ablation.LVA ablation 
successfully eliminated the inducibility of unmappable ATs in 8 of 16 
patients. However, the small sample size inhibited investigation of the 
influence of LVA ablation on long-term outcomes. To our knowledge, 
this is the first clinical study describing the efficacy of LVA ablation on 
the elimination of unmappable ATs refractory to conventional ablation.

LVA as an arrhythmogenic substrate for AT
Several histological and clinical studies support the hypothesis that 
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atrial fibrillation on atrial refractoriness in humans. Circulation 1996;94:1600-1606.

9. Oakes RS, Badger TJ, Kholmovski EG, Akoum N, Burgon NS, Fish EN, et al. 
Detection and quantification of left atrial structural remodeling with delayed-
enhancement magnetic resonance imaging in patients with atrial fibrillation.
Circulation 2009; 119:1758-1767.

10. Malcolme-Lawes LC, Juli C, Karim R, Bai W, Quest R, Lim PB, et al. Automated 
analysis of atrial late gadolinium enhancement imaging that correlates with
endocardial voltage and clinical outcomes: a 2-center study.Heart Rhythm
2013;10:1184-1191.

11. Moon JC, Reed E, Sheppard MN, Elkington AG, Ho SY, Burke M, et al. The
histologic basis of late gadolinium enhancement cardiovascular magnetic resonance 
in hypertrophic cardiomyopathy. J Am CollCardiol 2004;43:2260-2264.

12. Nattel S, Burstein B, Dobrev D. Atrial remodeling and atrial fibrillation: mechanisms
and implications. CircArrhythmElectrophysiol 2008;1:62-73.

13. Miyamoto K, Tsuchiya T, Narita S, Yamaguchi T, Nagamoto Y, Ando S, et al. Bipolar 
electrogram amplitudes in the left atrium are related to local conduction velocity in 
patients with atrial fibrillation. Europace. 2009;11:1597-1605

14. Laţcu DG, Bun SS, Viera F, Delassi T, El Jamili M, Al Amoura A, et al. Selection 
of Critical Isthmus in Scar-Related Atrial Tachycardia Using a New Automated
Ultrahigh Resolution Mapping System. CircArrhythmElectrophysiol 2017.pii:
e004510. doi: 10.1161/CIRCEP.116.004510.

15. Maleckar MM, Greenstein JL, Giles WR, Trayanova NA. Electrotonic coupling
between human atrial myocytes and fibroblasts alters myocyte excitability and
repolarization.Biophys J 2009;97:2179-2190.

16. Anter E, Tschabrunn CM, Josephson ME.High-resolution mapping of scar-related 
atrial arrhythmias using smaller electrodes with closer interelectrode spacing. 
CircArrhythmElectrophysiol 2015;8:537-545. 

17. Masuda M, Asai M, Iida O, Okamoto S, Ishihara T, Nanto K. Comparison of
electrogram waveforms between a multielectrode mapping catheter and a linear
ablation catheter.Pacing ClinElectrophysiol 2019; 42:515-520.

that would be influenced not only by the ablation procedures, but also 
by the baseline characteristics, post ablation patient management, and 
recurrent-AT/AF monitoring methods during the follow-up period. 
DECAAF II, an ongoing randomized controlled trialwill clarify the 
long-term effect of the ablation targeting fibrotic tissue.

Limitations
Several limitations of this study warrant mention. First, the 

heterogeneous patient background made the implication of the study 
results difficult. Second, as we conducted voltage mapping after creating 
PVI and some other ablation lesions, LVAs near pre-ablation lesion 
scould not be determined precisely.Third, the voltage map was created 
using more than one kind of catheter, different mapping systems, 
and under both sinus rhythm and AT, such that a single criterion for 
LVA smay not always identify arrhythmogenic substrate consistently. 
Especially, it was reported that LVA measurement is broader when 
using ablation catheter than multielectrode catheter.17 Fourth, the 
impact of conventional ablation before LVA ablation is operator-
dependent, and this would influence the efficacy of LVA ablation. 
Fifth, AF recurrences after discharge were identified on the basis of 
the patients’ symptoms, giving rise to the possibility that asymptomatic 
episodes of AF might have been missed. Finally, the small sample size 
limits the statistical accuracy, especially analyses of long-term outcomes.

Conclusion
LVA ablation was efficacious to some extent for the acute elimination 

of unmappable ATs developing in patients undergoing AF ablation, 
and could be an alternative to the conventional approach identifying 
each AT circuit. Larger studies are warranted.
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Introduction
While success rates regarding PVI for PeAF have been reported to be 

as low as 50%, there has also been literature reporting higher procedure 
success rates targeting LA substrates and macro re-entry circuits 1. 
DLAT is a new concept to identify active rotors in the left atrial body. 
It has been shown that using DLAT to target focal or rotational points 
of interest can help to retore SR in AF 2. The role of DLAT in restoring 
SR in heavily scared LA is not fully documented, and hence this case 
serves to highlight this add-on technique.

Case Report
This case report presents a 68 year old male, presenting on a 

background history of ischemic heart disease, with Pe AF, refractory 
to anti-arrhythmic medications (i.e. beta blocker and amiodarone)and 
electrical cardioversion, 3 months prior. He presented to the emergency 

department with worsening dyspnoea and was subsequently found to 
have an elevated brain natriuretic peptide (BNP).

Procedure details
The patient was brought in for an ablation procedure under general 

anaesthetic. Catheter access was achieved through the right femoral 
vein. Intra cardiac echocardiography (ICE) (Biosense Webster, Inc., 
Diegem, Belgium) was used to guide transseptal puncture using a 
BRK0 needle (Abbott Vascular, Santa Clara, California, USA). A 
Multipolar PentarayEco Catheter, (Biosense Webster, Inc., Diegem, 
Belgium) was used in atrial endocardium mapping.  The Pentarray is a 
7F catheter and  has 22 poles distributed evenly throughout 5 splines 
at the tip of the catheter. 

For DLAT mapping the Pentarray multielectrode catheter was 
required to maintain a consistent position for a period of 30 seconds 
to analyse the rotational activity. A standard 30-35 Watts were used 
for the ablation to achieve an ablation index of 500 anteriorly and 
400 posteriorly, respectively 3.Standard ablation was performed as a 
wide antral circumferential ablation (WACA) continuous line, first. 
Then,DLAT was measured using Cartofinder(CF) (BiosenseWebster, 
Inc., Diegem, Belgium) pre and post PVI. These images can be seen in 
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Abstract
We report the case of a 68-year-old male, presenting with persistent atrial fibrillation (Pe AF) refractory to anti arrhythmic medications 

and cardioversion, on a background history of ischaemic heart disease. Pre and post standard pulmonary vein isolation (PVI), left atrial (LA) 
voltage analyses were performed, followed by dynamic local activation time (DLAT) mapping in addition to focal activity identification.This 
demonstrated a heavily scarred LA, and a number of areas of focal activity. 

The patient remained in atrial fibrillation (AF) post rotor (focal activity) targeting,however notable changes in AF cycle length (CL)were 
noted and slowed by an average of 25.3 milliseconds.

 Comparison between DLAT mapping pre and post PVI  were anatomically similar but not identical. The anatomical distribution of heavy 
scar areas in the LA did not correspond to the DLAT areas of interest. 

The patient subsequentlyremained in normal sinus rhythm (SR) for 6 months on a low dose beta blockade during a short follow up period. 
DLAT mapping and its characteristics in heavily scarred LA are reported in this case.
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the Results section. The ablation sites can be observed below in Figure 
1 A and B.

Voltage mapping was created simultaneously with LA geometry pre 
and post PVI. Post PVI was done to confirm complete bidirectional 
block at the pulmonary veins antral region.

Results
DLAT mapping

Mapping identified focal activities in the LA roof close to the left 
superior PV, base of left atrial appendage (LAA), posterior wall and 
peri-mitral to septal LA regions as seen in Figure 2. No rotational 
activities were identified.

The average Cycle length (CL) was seen to slow by 25.3 ± 3.9 
milliseconds (ms)after ablation as seen in Table 1. The greatest slowing 
in CL can be observed vicinity of the LAA area. In addition, the 
number of interest points targeted pre and post PVI were different 
due to disappearance of DLAT activity at the roof of the LA closer 
to right pulmonary veins post WACA isolation. Although it is a small 
sample size, the magnitude of CL slowing does not seem related to 
ablation time. There is a clear decrease in driver points identified post 
PVI in the mid anterior-inferior LA, Anteroseptal LA, mid to right 

roof LA and LAA roof. An increase in the points of interest can be 
observed in the LAA basolateral area. 

Voltage mapping
Voltage maps show visually, the LA is extensively scarred when scar 

is identified as voltages lower than 0.5mV  (i.e. red colour). Comparing 
the images in Figure 2 to Figure 3A, B, C and D they do not necessarily 
correlate to low voltage, or scar tissue either. Examining Figure 4A 
and B, we can see a further example of focal DLAT points correlating 
visually to areas of non-scarred endocardium. 

Discussion 
Around 2% of the entire population suffer from AF, and of those, 

25% are categorised as PeAF4. Many strategies were adopted for PeAF 
ablation to increase the success rate, such as substrate modification 
and fractionated complex ablation5,PV and non-PV approaches, for 
example targeting ganglionated plexi have also been examined in the 
literature as well as 6 posterior wall isolation7. A stepwise approach is 
recommended yet,PVI remains the mainstay of treatment8.

Figure 2:

PA view of Pre (A) and Post (B) PVI (pulmonary vein isolation) DLAT 
(dynamic local activation time) images from CF (Carto finder). 
Both revealed a target in the peri mitral posterolateral regions. 
LAA view of Pre (C) and Post (D) PVI DLAT images from CF. The 
green colour indicates a target area for ablation and a critical 
isthmus for the change rotational to focal activity. RL view of Pre 
(E) and Post (F) PVI DLAT images from CF. The peri mitral activity
was more frequent in pre PVI in image E (note the green areas)

Figure 1:

Anterior and posterior views of the PVI (pulmonary vein isolation) 
and DLAT (dynamic local activation time) radiofrequency ablation 
sites. The PVI was performed as standard. Rotational / focal 
activity was detected using DLAT and these areas were further 
targeted for ablation. These areas can be seen at the atrial roof, 
left superior pulmonary vein, superior and mid posterior wall, peri-
mitral area and around the left atrial appendage base.

Table 1:

DLAT (Dynamic local activation time) Drivers pre and post ablation: 
The anatomical location of the drivers is given, as well as if the driver 
was detected pre and post ablation. The type of driver, ie Rotational 
or focal is also categorised. The average local cycle lengths (CL) are 
also detailed as well as the change in CL in ms. Ablation duration is 
also displayed.

Location of 
DLAT

Driver 
Type

Driver 
identified 
(Pre 
ablation)

Driver 
identified 
(Post 
ablation)

Average 
local 
CL pre 
ablation 
(ms)

Average 
local 
CL post 
ablation 
(ms)

Ablation 
Duration 
(ms)

∆ CL 
(ms)

Mid Anterior-
Inferior LA

Focal 6 2 167 194 67 -27

Anteroseptal 
LA

Focal 3 1 170 192 55 -22

Mid to right 
roof LA

Focal 6 0 171 NA NA NA

LAA 
basolateral

Focal 4 5 170 192 193 -22

LAA roof Focal 3 2 171 201 87 -30

Mean +/- SD NA 4.4 +/- 
1.5

2+/-1.9 169.8+/-
1.6

194.8+/-
4.3

100.5 
+/-63

-25.3
+-3.9

*DLAT= dynamic local activation timing, PVI = Pulmonary vein isolation,∆ CL= differences in cycle 
length, LA = left atrium, LAA = left atrial appendage.
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this structural remodelling may cause electrical remodelling, creating 
a positive feedback cycle11. 

It has also been postulated that AF may be driven by fibrillatory 
conduction stemming from focal activity. As well as this, re-entry 
circuits causing a shortened CL have also been linked to the disease 
12. These two patterns, either focal or rotational are distinct from 
one another in the sense that the electrical activity propagates in a 
rotational pattern for the so called “rotational” activity while the “focal” 
activity refers to a waveform that is detected and spreads in a radial 
pattern 13.The focal activity in AF has been shown to occur due to an 
endocardial and epicardial mismatch 14, 15. Scaring has been shown to 
increase this endocardial and epicardial mismatch, possibly explaining 
our focal activity results 16. Rotational activity has been defined as a 360 
degree rotation of 1.5 times while focal activity has been defined as a 
pattern propagating radially for 2 or more consecutive waveforms 2. 
Focal and rotational patterns have been observed to maintain a constant 
location, however, they may vary with the timing of measurement 17.

 
Some previous work has tried to examine the relationship between 

rotor activity and scar tissue in the atria using voltage as a marker for 
degree of scarring. It was found that the degree of rotational activity 
complexity was directly correlatedto the degree of scarring present, 
in analysing 28 patients with Pe AF18. It has also been suggested that 
the use of further measurements to target scar tissue may be helpful in 
improving outcomes for patients with scarred atrial tissue 19. 

The usability of DLAT mapping techniques in heavily scarred atria 
has been questioned due to its low voltage and inherently fragmented 
waveforms 1. This use of a focal and rotational electrical activity 
approach in PVI, may improve clinical outcomes when correlated 
with standard electroanatomical mapping. Honarbakhsh et al found 
that while most rotational activity picked up by DLAT was associated 
with minimally scarred endocardium, PVI did not significantly alter 
AF CL in these areas. 2. Pre and post PVI CL to determine the effect 
of ablation on CL at the DLAT points of interest in a heavily scarred 
atrium is displayed in Table 1. 

Procedure response in previous studies has been considered CL 
slowing more than or equal to 30 ms or else AF termination upon 
ablation 20. In this case ablation of the DLAT points of interest did 
not result in conversion to SR but the average AF CL was seen to slow 

DLAT mapping Techniques
Dynamic local Activation (DLAT) mapping is a relatively new 

approachjust introduced using a technology called CF. This is an 
additional module to complement the standard ablation protocols. It 
works by measuring unipolar signals for a given point for 30 seconds 
using a multipolar diagnostic catheter. These signals are further 
processed to remove unwanted data, such as ventricular signals. 
Using the 2 electrodes in closest proximity to the measured point and 
generating bipolar signals from these points, noise is removed. 

Any unipolar signals from the atrium that fits within the bipolar 
signal range from the earliest onset to the latest offset (Bipolar 
electrogram (EGM) window) are included in the wavelet analysis as 
displayed below in Figure 5 which is an example of the DLAT from 
this case. DLAT is shown in 250 ms sections in relation to the 30 
second measurement window. It is calculated as the maximal negative 
slope of the atrial unipolar signal within the bipolar range mentioned 
above 9. Focal signals are measured by determining unipolar signals that 
have a QS pattern. Each of these QS patterns within a 10-millimetre 
(mm) radius and 50 ms window are measured. If one of these occurs 
two or more times they are counted as focal areas of interest. The area 
of interest, in terms of rotational points, is determined by measuring 
rotational signals by relating CL to its conduction wave and EGMs. If 
these EGM patterns fit the preprogramed “head meets tails” pattern 
of the algorithm then they are graphically displayed as a rotational 
point of interest 10. Of note, both micro and macro re-entry circuits are 
identified by the software analysis. Macro re-entry, or rotational circuits 
may correlate to areas of lesser scar tissue and hence better long terms 
prognosis, this notion may be examined in future studies.

Rationale for DLAT mapping and ablation for this case
In PeAF it has been put forward that an array of wavelets, re-

entrant and focal sources are driving factors for the disease in addition 
to pulmonary vein potentials9. This may be caused by structural 
remodelling as a result of initial focal electrical activity. Furthermore, 

Figure 3:

Anterior LA view of Pre (A) and Post (B) PVI (pulmonary vein 
isolation) voltage mapping. Posterior LA(Left atrial) view of Pre 
(C) and Post (D) PVI voltage mapping . Red colourcorresponds 
to heavily scarred area where voltages are below 0.5mV. Both 
visually indicate heavy scar of LA.

Figure 4:

Intraprocedural image displaying the focal activity measured by 
CF (Carto finder) (left) corresponding to healthy and non-scarred 
endocardium on the electroanatomical map in Postero-inferior 
region.
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by 25.3 ms. The patient has not developed AF through the 6-month 
period post ablation. 

In summary of this case we report a 68 male who suffers from 
symptomatic PeAF refractory to cardioversion and anti-arrhythmic 
medications. We evaluated this relatively new approach of rotational 
and focal activity mapping and ablation. We identified a mean of 4.4 
areas of interest per region of interest that reduced to a mean of 2 areas 
of interest per region post standard WACA. Targeting those focal 
activities resulted in slowing the CL of AF. A short follow up period 
revealed apparent success of procedure, with de-escalation of his anti-
arrhythmic medications.

Conclusion
In our case, DLAT in Pe AF served as an additional strategy to 

improve success in themaintenance of normal SRpost ablation. Heavily 
scarred left atrialt issue has revealed points of only focal, not rotational,  
activity to target.Further large scale trials examining this approach in 
heavily scarred atrial tissue are warranted. Relatively new strategy may 
have a promising impact to maintain normal SR
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Introduction
Traumatic spinal cord injury (SCI) is an under-recognised cause of 

atrial fibrillation (AF). We present a young man with a structurally 
normal heart and no secondary risk factors with cervical SCI, cord 
compression and resultant paroxysmal AF, demonstrating the “heart-
brain axis” in the pathogenesis of AF.

Case Report
A previously well 32-year-old man (CHA2DS2-VASc score 0) had 

sudden loss of consciousness after micturating and resultant trauma 
behind his neck. There were no preceding palpitations. He was a non-
smoker and not on chronic medications, His pulse rate was irregular at 
112 beats per minute with blood pressure of 208/113mmHg. Physical 
examination revealed flaccid paralysis of four limbs with priapism. Anal 
tone and perianal sensation were preserved. Electrocardiogram (ECG) 
demonstrated AF with rapid ventricular response, which subsequently 
spontaneously reverted to sinus rhythm without medications.

Blood investigations including electrolytes, thyroid panel and cardiac 
enzymes were unremarkable. Transthoracic echocardiogram revealed 

60% ejection fraction and no valvular abnormalities. Left atrium 
size was normal. Magnetic resonance imaging of the cervical spine 
suggested anterior cord syndrome due to left C4 facet dislocation (grade 
1 spondylolisthesis) with moderate to severe spinal canal narrowing, 
cord compression and oedema. 

He was given intravenous dexamethasone and underwent open 
reduction of C4/C5 facet joint dislocation, anterior cervical discectomy 
and fusion. He recovered uneventfully and remained in sinus rhythm 
in subsequent follow-up.

Discussion
This case highlights the intricate pathophysiological interplay 

between the cardiovascular and autonomic nervous system in the 
pathogenesis of AF. High cervical SCI is characterized by disruption 
of descending spinal sympathetic pathways 1 with preservation of 
parasympathetic output, causing disordered cardiovascular control like 
blood pressure derangements and arrhythmias.

Studies commonly discuss bradyarrhythmias in patients with SCI 2. 
With regard to AF, a recent population-based cohort study in Taiwan 
showed the long-term risk of AF was higher in patients with SCI 3.

The mechanism behind pathogenesis of AF in SCI is complex 
and involves dynamic interplay between triggers and substrate 
abnormalities. Firstly, studies found patients with SCI had higher 
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Abstract
A 32-year-old man presented with sudden loss of consciousness after passing urine with resultant trauma to the back of his neck. 

There were no palpitations prior. Examination revealed flaccid paralysis of all 4 limbs with priapism. Electrocardiogram demonstrated atrial 
fibrillation with rapid ventricular response. Laboratory showed normal potassium, magnesium, calcium, thyroid stimulating hormone and 
troponin I levels. Magnetic resonance imaging of the cervical spine demonstrated left C4 facet dislocation with grade 1 spondylolisthesis 
of C4 over C5, with moderate to severe narrowing of the spinal canal with cord compression and oedema. Transthoracic echocardiogram 
demonstrated an ejection fraction of 60% and no valvular abnormalities. Left atrium size was normal. The atrial fibrillation subsequently 
spontaneously reverted to sinus rhythm without treatment. Clinicians should be aware that atrial fibrillation can occur in the context of 
traumatic spinal cord injury due to disruption of the autonomic pathways in the cervical spine.



www.jafib.com Aug-Sep 2020, Volume-13 Issue-2

Featured ReviewJournal of Atrial Fibrillation Featured ReviewJournal of Atrial Fibrillation82 Case Report

P-wave dispersion (PWD) values 4, which is a novel predictor in
evaluating risk of AF. PWD is affected by autonomic dysfunction
5 in SCI as loss of normal heart sympathetic modulation results in
prolonged intra-atrial conduction time and higher PWD values 4. 
This inhomogenous propagation of sinus impulses in the atria confers 
a higher risk of AF 6.

Secondly, some believe AF represents early manifestation of 
autonomic dysreflexia 7. Thirdly, some hypothesize the loss of central 
control and reflexes of the heart causes spontaneous sympathetic 
activity, which is reinforced by denervation hypersensitivity and triggers 
AF 8. Fourthly, secondary myocardium remodelling changes following 
SCI 9 may result in AF. Next, AF may be triggered by pain from trauma. 
Lastly, patients may develop AF independent of SCI.

While the exact mechanisms behind AF and SCI remains unclear, 
our case highlights complex interactions between the cardiovascular 
and nervous systems. This requires further study for the future treatment 
and prevention of AF and its complications.

References
1. Bartholdy K, Biering-Sorensen T, Malmqvist L, Ballegaard M, Krassioukov A, 

Hansen B, et al. Cardiac arrhythmias the first month after acute traumatic spinal
cord injury. J Spinal Cord Med. 2014;37(2):162-70.

2. Grigorean VT, Sandu AM, Popescu M, Iacobini MA, Stoian R, Neascu C, et al. 
Cardiac dysfunctions following spinal cord injury. J Med Life. 2009;2(2):133-45.

3. Wang CC, Chang CT, Lin CL, Huang BR, Kao CH. Spinal cord injury is associated 
with an increased risk of atrial fibrillation: A population-based cohort study. Heart 
Rhythm. 2016;13(2):416-23.

4. Ravensbergen HJ, Walsh ML, Krassioukov AV, Claydon VE. Electrocardiogram-
based predictors for arrhythmia after spinal cord injury. Clin Auton Res.
2012;22(6):265-73.

5. Cheema AN, Ahmed MW, Kadish AH, Goldberger JJ. Effects of autonomic
stimulation and blockade on signal-averaged P wave duration. J Am Coll Cardiol. 
1995;26(2):497-502.

6. Dilaveris PE, Gialafos JE. P-wave dispersion: a novel predictor of paroxysmal atrial 
fibrillation. Ann Noninvasive Electrocardiol. 2001;6(2):159-65.

7. Forrest GP. Atrial fibrillation associated with autonomic dysreflexia in patients with 
tetraplegia. Arch Phys Med Rehabil. 1991;72(8):592-4.

8. Lehmann KG, Lane JG, Piepmeier JM, Batsford WP. Cardiovascular abnormalities 
accompanying acute spinal cord injury in humans: incidence, time course and severity. 
J Am Coll Cardiol. 1987;10(1):46-52.

9. Guha A, Tator CH. Acute cardiovascular effects of experimental spinal cord injury. 
J Trauma. 1988;28(4):481-90.

Figure 1:
Cervical spine magnetic resonance imaging (sagittal plane) 
demonstrating spinal cord compression and oedema at the C4 
level (white arrow)
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Background
Sarcoidosis is a complex systemic condition resulting in the 

formation of non-caseating granulomas. Infiltrative disease in cardiac 
sarcoidosis can have significant ramifications on mortality and is one 
of the few indications for systemic immunosuppressive therapy. In  a 
patient on immunosuppressive medication,  opportunistic skin and 
soft tissue infections are common and must be differentiated from 
cutaneous forms of sarcoidosis. Patients with humoral or cellular 
immunodeficiencies may have cutaneous lesions secondary to fungi, 
mycobacterium, viral, parasitic or encapsulated organisms1. We report a 
case of cardiac sarcoidosis on immunosuppressive therapy, with a series 
of cutaneous sequelae due to opportunistic infection. 

Case
A 60-year-old male was seen in the office for follow-up after a 

recent diagnosis of cardiac sarcoidosis. He was treated with Infliximab 
and Mycophenolate Mofetil. He was confirmed to be responding to 
immunosuppressive therapy on a recent PET scan. Several months 
before  his visit, he began developing elliptical-shaped areas of erythema 
on his posterior and lateral aspect of his right/left (?) lower extremity. 
The erythema  progressed  with development of  central eschars 
followed by ulcerations  ascending proximally up his leg (Figure 1). 

We started treatment for Nocardiosis prior to biopsy because my 
attending visually diagnosed the condition prior to biopsy as he had 
seen it before when on rotation as a medical student at an infectious 
disease hospital in India. After a provisional diagnosis of Cutaneous 
Nocardiosis, and he was then started on 8-12 weeks of Trimethoprim-
Sulfamethoxazole (5-10 mg/kg/day) which was later confirmed on 
biopsy. 

After clinical improvement was noted several weeks later, the patient 
was restarted on his immunosuppressive therapy. He was initially 
treated with oral corticosteroids for 6 months. After a repeat scan, it 
was determined that longer courses were needed, so infliximab (3 mg/
kg) was added.

Several weeks followed before he noticed fatigue, malaise, and a 
maculopapular, non-pruritic rash on his lower extremity (Figure 2) 
that preceded the development of fever prompting hospitalization 
for 3 days. Symptoms temporarily improved after treatment with 
broad-spectrum antibiotics during this time with the resolution of 
the rash. However, shortly after discharge, he began spiking high fever 
with temperature reported at 1040F, prompting re-hospitalization. 
After the initial workup was found inconclusive, the patient was 
transferred to a local tertiary center as he began to worsen clinically. 
Upon transfer, he was admitted to the intensive care unit for septic 
shock secondary to Histoplasmosis. Histoplasmosis was diagnosed 
with Enzyme immunoassay (ELISA) by Histoplasma antigen 
detection in serum and urine. Aggressive management with systemic 
antimicrobial therapy [Amphotericin deoxycholate (07-1 mg/kg/d), 
Vancomycin (500 mg every 6hrs) and Piperacillin & Tazobactam 
(4.5g every 8h)], volume resuscitation and vasopressors resulted in 
significant clinical improvement over five days  with an unremarkable 
subsequent clinical course. After discharge, the patient completed 
treatment with amphotericin B before follow-up in the clinic. At 
the time of presentation, he additionally reported a painful clustered 
vesicular rash with an erythematous base on his lateral side of his leg, 
which recently developed. By observation, it appeared to have grouped  
vesicles consistent with Herpes simplex, for which the patient was 
treated with Valacyclovir (1000 mg BID 7 days) (Figure 3). 

Discussion
Sarcoidosis is a systemic granulomatous disease characterized by 

non-caseating granulomas in various organs such assk in, joints, lungs, 
brain, and heart, which can progress to fibrosis2. The pathophysiology 
of sarcoidosis involves three significant  events: Exposure to antigen; 
acquired cellular immunity directed against the antigen, and the 
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appearance of immune effector cells which promote a non-specific 
inflammatory response3.

Dermatological infections can develop in 20% of 
immunocompromised hosts due to the breakdown of anatomical 
barriers4. With different degrees of immunosuppression in sarcoidosis 
patients, there can be variable clinical presentations of dermatological 
infections. With varied clinical presentations , skin infections in 
sarcoidos is patients can mimic a lot of differential diagnoses such as 
drug rashes transfusion rashes, hemorrhagic rashes, and malignancies 
which should be excluded from necessary diagnostic tests5. In this 
regard, it is essential to keep in mind that a mild dermatological 
manifestation might represent a severe  underlying systemic disease or 
malignancy5. Moreover, there might be the dissemination of infection 
from organs such as the lung or gastrointestinal tract to the skin due 
to impairment of host defenses such as neutrophil count, humoral 
and cellular immunity4. Alternatively, the infection can spread from 
a localized dermatological  site to other systemic organs if there is a 
severe compromise in host defense mechanisms 4. 

Impairment of cell-mediated immunity and corticosteroid 
therapy are the most important factors that can predispose to the 
development of opportunistic infections in sarcoidosis6, 7. Additionally, 
other risk factors that can lead to the development of opportunistic 
infections in sarcoidosis include neurological or cardiac involvement, 
≥3immunosuppressive drugs (Cyclophosphamide), CD4 lymphopenia 
age, sex, and ethnicity 8-10. Some of the most common opportunistic 
infections in sarcoidosis include cryptococcosis (59%), tuberculosis 
(13%), nocardiosis (11%), histoplasmosis (9%), pneumocytosis (9%) 
and Aspergillosis (7%) 8. The acute form of  nocardiosis can present 
as pustules, abscesses, subcutaneous nodules in sporotrichoid pattern4. 
Whereas, the chronic formcan present as chronic purulent ulcerating 
draining nodules (mycetoma’s)4. Alternatively, the dermatological 

infection can disseminate by blood to various organs such as the brain, 
kidneys, lymphatics, and pericardium to manifest as firm cutaneous or 
subcutaneous abscesses 4, 11.  According to Jamilloux, Y. , nocardiosis 
in corticosteroid treated patients can present as an exacerbation of 
pulmonary sarcoidosis or disseminated abscesses6. Gram staining of the 
skin lesions demonstrates beaded, delicate, and branching filaments of 
nocardiosis to confirm the diagnosis4. Histopathological diagnosis of 
nocardiosis can also be confirmed with brown-brenn, or methenamine  
silver staining with the fungal presence in characteristic abscesses 4.  

In patients with asevere form of sarcoidosis, corticosteroids are the 
usual mainstay of therapy 6. In patients who have an inadequate response 
or cannot tolerate glucocorticoid side effects, alternative agents such as 
methotrexate, infliximab, or mycophenolate mofetil are used either as a 
monotherapy or in combination1, 12.  Anti-Tumor necrosis factor (TNF) 
medications like infliximab effectively inhibit granuloma formation, 
but can paradoxically result in  sarcoid-like reaction, psoriatic skin 
lesions, non-melanotic skin cancers, susceptibility for invasive fungal 
infections, and worsening of  heart failure13-15.Consequently,  anti-
TNF agents are not used as first-line immunosuppressive therapy 
for sarcoidosis. Among other alternative agents used, mycophenolate 
mofetil is also associated with cutaneous adverse reactions such as skin 
rash, ecchymoses, and cellulitis16.

Patients with cardiac sarcoidosis are often on chronic 
immunosuppressive therapy. Data is modest in regards to optimal 
dose and treatment duration, but many physicians elect to continue 
glucocorticoid therapy for  1-2years12. Consequently,  patients are 
prone to develop a variety of conditions involving the skin such as 
sequelae of immunosuppression (infectious vs. malignancy), adverse 
reactions, and breakthrough disease. The differential diagnosis of 
skin lesions in an immunocompromised sarcoidosis patient is broad 
so that we will focus on the general cutaneous conditions observed: 
cutaneous sarcoidosis, cutaneous no cardiosis, cutaneous involvement 
in disseminated histoplasmosis, and herpesvirus.

Cutaneous Sarcoidosis
Cutaneous sarcoidosis is found in approximately 25 percent of 

patients with sarcoidosis and can present at any stage of the disease1. 
They more commonly present in the African American population and 
women2. Manifestation is variable and can have specific (non-caseating 
granulomas) or non-specific (e.g., erythema nodosum) lesions. 
Specific manifestations of cutaneous sarcoidosis includ elupus pernio, 
infiltrated plaques, maculopapular lesions, subcutaneous nodules, and 

Figure 3: Clustered vesicular rash with erythematous base consistent with
HSV.

Figure 1: Temporal Progression (earliest: top left, most recent: bottom
right) of Cutaneous Nocardiosis.

Figure 2: Generalized Maculopapular Rash of Early Cutaneous
Histoplasmosis.



www.jafib.com Aug-Sep 2020, Volume-13 Issue-2

Featured ReviewJournal of Atrial Fibrillation Featured ReviewJournal of Atrial Fibrillation85 Case Report

scars2. Studies have shown that specific lesions in conjunction with 
bronchoalveolar lavage (revealing lymphocytosis with high CD4/
CD8 ratio) and elevated serum Angiotensin Converting Enzyme 
(ACE) levels can predict progressive disease in sarcoidosis1. Cutaneous 
lesions, which are easily obtained via punch biopsy, and therefore 
have prognostic implications that can guide therapy. Systemic 
immunosuppression is reserved for rapidly progressive cutaneous 
sarcoidosis, whereas anti-TNF medications are reserved for refractory 
disease17.

Nocardiosis
Nocardiosis most commonly presents as pulmonary disease in 

immunocompromised patients, but may infrequently present as a 
cutaneous manifestation (8%)18. Cutaneous infections typically result 
from direct inoculation or as a disseminated consequence of the inhaled 
pathogen and are clinically indistinguishable from Staphylococcus 
aureus and group A Streptococcus. These lesions may present as 
ulcerations (as in our patient), subcutaneous abscesses, pyoderma, 
cellulitis or nodules18, 19. Empiric monotherapy for isolated cutaneous 
infections includes Trimethoprim-Sulfamethoxazole (used in our 
patient) or minocycline, with no need for immunosuppression20.
However, in severely immunocompromised patients, the usual therapy 
for cutaneous nocardiosis includes trimethoprim-sulfamethoxazole  
and antimicrobial agent (cefotaxime, imipenem, or amikacin) 4. 

Histoplasmosis
Cutaneous involvement in disseminated histoplasmosis is typically 

observed in patients with AIDS or those with profound defects in cell-
mediated immunity and occurs in 10 to 15 % of cases. The lesions are 
non-specific and highly variable in presentation, including nodular, 
papular, plaque-like, ulcerative, vesicular, or generalized dermatitis. In 
progressive disseminated disease, patients present with fever, weight 
loss, hepatosplenomegaly, and hematologic disturbances. If untreated, 
there is a 100% mortality rate21.

Cutaneous Herpes
The physical manifestations of Herpes simplex virus (HSV) in 

immunocompromised patients are similar to immunocompetent hosts, 
but may have larger lesions, necrotizing ulcers, or involve widespread 
areas that are not necessarily in the perioral or genital regions. HSV 
infections appear as clustered vesicles on an erythematous base, which 
progress to a pustular or ulcerated lesion, and then form a crust before 
healing. Antiviral agents such as acyclovir, famciclovir, and valacyclovir 
are used as therapeutic and prophylactic treatment22.

A broad differential diagnosis should be considered for cutaneous 
lesions in an immunocompromised host, especially when the clinical 
picture may be obscured by a known diagnosis of sarcoidosis or 
treatment agents that may induce sarcoidosis. The patient was on 
infliximab and mycophenolate mofetil, both of which have many 
known cutaneous adverse effects. Given the high side effect profile 
of available treatment and limited data to support clinical efficacy, 
further study should be geared towards determining which of the 
immunosuppressive agents are best suited for treatment with the 
mildest adverse effect profile.

Conclusion
Cutaneous manifestations of opportunistic infections may represent 

a serious disseminated process in an immunocompromised host, which 
was observed in our patient on immunosuppressive therapy for cardiac 
sarcoidosis. Early recognition and appropriate management can play a 
critical role in clinical outcomes.
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To The Editor
Atrial fibrillation is common in patients with advanced heart 

failure and associated with high mortality,1 whereas its impact on 
those receiving mechanical circulatory supports remains controversial.2 
Gupta and colleagues demonstrated that atrial fibrillation was not 
associated with in-hospital mortality in patients with acute myocardial 
infarction and cardiogenic shock requiring coronary revascularization 
and percutaneous ventricular assist devices.3 Several concerns should 
improve their findings. 

Despite a propensity score matching, there still remained statistically 
un-matched variables, including age and sex, which would also have 
considerable impacts on mortality and morbidity. 

Approximately 20–30% of patients had coagulopathy at baseline, 
whereas most patients with atrial fibrillation would have received 
anticoagulation therapy to prevent stroke. The definition of 
coagulopathy might be unclear. 

Appropriate anti-coagulation therapy during coronary 
revascularization with percutaneous ventricular assist devices remains 
great concern particularly when patients have atrial fibrillation. 
Additional analysis investigating the association between the 
magnitude of anti-coagulation therapy and comorbidities among 
those with atrial fibrillation would clarify the optimal anti-coagulation 
therapy in such a clinical situation.
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Reply to the Letter
We appreciate the comments made by Dr. Imamura on our paper 

recently published in the JAFIB discussing the impact of atrial 
fibrillation on hospitalization outcomes of acute myocardial infarction 
associated cardiogenic shock while undergoing percutaneous coronary 
intervention with ventricular assist device1.  Please find below our 
responses to the queries raised by Dr. Imamura.

1) We used 1:1 propensity-score matched analysis and we concur
with the observation that there remained the statistical difference 
between the two groups for the mean age of admission and sex 
distribution of cohorts. Despite this finding,we feel that the numbers 
did not differ significantly from each other to yield major outcomes 
difference in the clinical arena. For example, mean age was 67.9 vs. 
69.7 years whereas both groups predominantly consisted of males 
(>70%). We agree thatstricter selection control could be possible in 
future prospective studies.

2) As we mentioned in the methodology section of the paper, we
utilized an administrative retrospective database for our analysis 
creating inherent limitations.  As Dr. Imamura correctly pointed out, 
nearly 20% of hospitalizations had demonstrated coagulopathy at 
baseline, which was identified using ICD-9 CM diagnostic code from 
any of the secondary discharge diagnoses.  The ICD-9 CM codes used 
in the analysis were 286.0-286.9, 287.1, 287.3-287.5,289.84, 649.30-
649.34.

3) We completely agree that it is important to investigate the
association between the magnitude of anticoagulation therapy and 
comorbidities among those with atrial fibrillation to aid in clarifying 
the optimal anticoagulation therapy in this high-risk clinical scenario. 
However, as mentioned in the manuscript, the National Inpatient 
Sample database does not contain detailed information on the 
magnitude and duration of anticoagulation therapy in these patients. 

We thank Dr. Imamura for their comments regarding our analysis 
and we believe these valuable comments underscore the importance 
of this first large-scale analysis of this understudied but important 
research topic.

Sincerely, 
Rupak Desai, MBBS
Rajesh Sachdeva, MD
Adam E. Berman, MD
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