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Introduction
Atrial Fibrillation (AF) is the most commonly encountered clinical 

arrhythmia requiring treatment, and results in multiple adverse 
sequelae including stroke, heart failure, cognitive decline, dementia, 
diminished quality of life and a rising incidence of death. [1], [2] With 
increasing life expectancy and the upsurge of underlying factors 
that affect progressive atrial remodeling, AF has become a global 
pandemic, evidenced by a worldwide prevalence of 33.5 million and 
5 million new cases annually. [3]

The mechanisms for development of persistent atrial fibrillation 
are not known, although conjecture is widespread. [4] While many 
viable theories to account for the development and occurrence of 
atrial fibrillation (AF) have been suggested, a unifying explanation 
that puts all of the acknowledged pathological explanations 
into perspective is lacking. Dominant theories revolve around 
ganglionated plexi, ectopic foci, rotors, and macro re-entrant circuits 
that enable arrhythmogenic wavefronts. [5] Curiously, none of these 
explanations focus on the consistent geographic distribution of 
substrates responsible for AF.

Computational models, real time voltage mapping and advanced 
imaging studies have consistently demonstrated geographically 
similar atrial remodeling in progressive patterns. [6] This atrial 
remodeling emanates from proposed high stress regions where the 

pericardium secures the posterior left atrium. The progression of 
atrial fibrosis relative to the pericardial reflections and stress points 
about the posterior left atrium, as depicted in [Figure 1], appears 
clinically significant and may offer clues to underlying mechanisms 
in AF. Understanding the role played by the pericardial reflections in 
the genesis of AF may unlock additional treatment considerations 
and clinical algorithms.
Treatment of atrial fibrillation: A changing target

Endocardial catheter ablation has become a primary treatment 
modality for drug resistant, symptomatic paroxysmal AF (PAF), 
but has demonstrated a limited, temporally related efficacy in 
non-paroxysmal atrial fibrillation (NPAF) patients. [7] The 3 year 
arrhythmia-free survival in NPAF for a single endocardial catheter 
ablation procedure has been reported at 28.4% with the efficacy after 
multiple procedures at 51.1%. [8] The Hamburg sequential ablation 
strategy of PVI plus linear lesions and SVC isolation for long-
standing persistent AF patients yielded 5-year single and multiple 
procedure success rates of 20% and 45% respectively. [9] Recently, the 
StarAF II study demonstrated that PVI only ablation in patients 
with persistent AF resulted in a single-procedure 49% freedom 
from atrial tachyarrhythmias off antiarrhythmics at 18 months. The 
addition of CFAE or linear lesions actually yielded an even lower 
~30% freedom from atrial tachyarrhythmias. Additional ablations 
and antiarrhythmic therapy increased the success rate to only ~60%. 
Even an open surgical approach has not yielded much higher success. 
A recent study by Gillinov et al. examined the outcomes of surgical 
atrial fibrillation ablation in patients with persistent AF undergoing 
mitral-valve surgery. Biatrial maze resulted in only a 66% freedom 
from AF at 1 year. [10]
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Abstract
Atrial fibrosis appears to be a key factor in the genesis and/or perpetuation of atrial fibrillation (AF). The pathological distribution of atrial 

fibrosis is geographically consistent with the attachments between the posterior left atrium and the pericardium along the reflections where 
wall stiffness is increased and structural changes are found. While there is a wide range of complex etiological factors and electrophysiological 
mechanisms in AF, there is evidence for a common pathophysiological pathway that could account for deliberate substrate formation 
and progression of AF. Anatomical stresses along the atrium, mediated by the elastic modulus mismatch between atrial tissue and the 
pericardium, result in inflammatory and fibrotic changes which create the substrate for atrial fibrillation. This may explain the anatomical 
predominance of pulmonary vein triggers earlier in the development of atrial fibrillation and the increasing involvement of the atrium as the 
disease progresses. Ablative treatments that address the progressive nature of atrial fibrillation and fibrosis may yield improved success 
rates.
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superior veins are better developed and longer than the inferior veins. 
The longest sleeve is usually the left superior vein. [12] Histologically, 
patients with atrial fibrillation have a significantly increased presence 
of atrial myocardial extension into the pulmonary veins. In addition, 
patients with AF also have a higher frequency of discontinuity, 
hypertrophy, and fibrosis of these extensions. [13] Fibrosis was more 
prominent in the periphery of the sleeves and often are completely 
sclerotic distally. This may be due to chronic hypoxia at these distal 
sleeves since they are at the periphery of the coronary circulation. 
Development of extensive collagenous septa may create nonuniform 
anisotropic electrical propagation that could result in micro re-entry 
and automaticity. [14] Since the left superior pulmonary vein frequently 
has the longest atrial myocardial extension, placing it at the highest 
risk for tissue hypoxia, this may explain the increased propensity for 
LSPV ectopy. Additionally, since the atrial and pulmonary veins 
are autonomically innervated, sympathovagal imbalance can cause 
additional anisotropic changes in the action potential duration and 
PV myocyte refractory periods, increasing the potential for re-entry. 
[15]

Detailed investigation into potential explanations for the failure 
of AF ablation frequently indicts reconnections of pulmonary 
vein tissue and substrates along the posterior left atrium. Fibrosis 
progresses predictably from the heavily invested pulmonary veins to 
the posterior left atrium, evolving additional AF substrates [Figure 
1]. Attempts to ablate localized rotors or complex fractionated 
atrial electrograms may actually create patchy, heterogeneous 
fibrosis capable of initiating or sustaining arrhythmogenic circuits 
as illustrated. A better understanding of the mechanisms for AF is 
needed to tailor a more effective treatment.
Pulmonary Vein Triggers of Atrial Fibrillation

The atrial muscle sleeves at the pulmonary vein-left atrial junction 
are the most common source of focal triggers for atrial fibrillation. 
[11] There is a predominance of pulmonary vein ectopy in the superior 
veins versus the inferior veins and the left superior vein was noted 
to have the highest frequency of ectopy. There may be an anatomical 
reason for this unequal distribution of PV ectopy. Anatomically, the 

Persistent Atrial Fibrillation and Non-Pulmonary Vein Atrial 
Fibrillation Substrate

As atrial fibrillation increases in chronicity, so does the proportion 
of the patients who have non-pulmonary vein substrate. The 
posterior left atrium is the most anatomically concentrated location 
of arrhythmogenic mechanisms that are consistently demonstrated 
with nonparoxysmal AF. [16] Kalifa et al. demonstrated that, in an 
ovine model, the posterior left atrium frequently contains sites of 
fast-organized activity with the highest dominant frequency. [17] 

Patients with AF demonstrated a significantly greater anatomic 
distribution and degree of conduction slowing, heterogeneity, and 
anisotropy in the posterior left atrium, culminating in circuitous 
patterns of propagation. [18]

Atrial Fibrosis/ Tailored Atrial substrate modification
There is increasing data that point to the development of atrial 

fibrosis in the progression of atrial fibrillation. An underlying cardiac 
abnormality or metabolic disorder associated with atrial fibrosis and 
atrial enlargement can be found in approximately 85% of patients 
with atrial fibrillation. [19] Atrial fibrosis usually extends beyond the 
pulmonary veins and appears to be a significant reason why simple 
pulmonary vein isolation is not adequate in treating the majority of 
persistent atrial fibrillation patients.

Despite the current limitations in spatial resolution with cardiac 
MRI, there appears to be a pattern of atrial fibrosis in patients with 
atrial fibrillation. Cochet et al. elegantly described the distribution 
of atrial fibrosis in patients with and without atrial fibrillation. [20] 

The predominant location of fibrosis was noted to be in the posterior 
LA wall rather than the septal, anterior, and lateral segments. More 
specifically, delayed-enhancement likelihood maps showed that the 
region around the left inferior pulmonary vein ostium was most 
frequently to have fibrosis. [Figure 2] There was a lesser degree of 
fibrosis at the right veins ostia. Fibrosis in the anterior wall was less 
common but when present was more often found in the septum 
below and anterior to the right pulmonary veins. 

Treatment strategies which isolate a larger area of the posterior wall 
appear to have increased rates of success. [21], [22] This is the theory of 
why a wide antral circumferential ablation has been more successful 
than ostial pulmonary vein isolation. Posterior wall isolation via the 
creation of a roof line and posterior box line to the usual PVI circles 
has also been demonstrated to have better long term outcomes than 
PVI alone for persistent AF. Unfortunately, isolation of the posterior 
left atrium is frequently challenging with endocardial catheter 
ablation alone since a breakdown in the PVI or either linear line may 
be arrhythmogenic and can result in recurrence. [23] Additionally, even 
if durable lines are created, some arrhythmogenic areas of fibrosis 
may be missed by empiric anatomical lines. As a result, there has 
been recent interest in developing an individualized strategy for 
ablating atrial fibrillation. [24] In this strategy, a pre-procedural MRI 
is performed to delineate the atrial scar substrate and ablation to box 
these additional regions is performed. This strategy has been termed 
Box Isolation of Fibrotic Areas (BIFA).
The Stretch-Inflammation-Fibrosis-Fibrillation (StIFF) 
Axis
Anatomical Stress mediated by the Pericardial Reflections

Interestingly the common sites of atrial fibrosis appears to 
be centered around regions of high stress. There appears to be an 
anatomical reason for this. The pericardium supports the heart 

Figure 1:

Panel A: Schematic of progressive atrial remodeling. Pericardial 
reflections (green lines), their attachments to the posterior left 
atrium, and their relation to proposed high stress regions. Panel 
B: Ganglionated plexi (yellow) and epicardial fat (green). Left 
superior ganglionated plexi (LSGP), left inferior ganglionated 
plexi (LIGP), right anterior ganglionated plexi (RAGP), right inferior 
ganglionated plexi (RIGP), aortocaval ganglionated plexi (ACGP)
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against gravity and is attached to the posterior left atrium, inferior 
vena cava, superior vena cava, and pulmonary veins, as shown in 
[Figure 1]. These reflections secure the heart to the chest wall and 
vertebral column and confer specific plasticity and elasticity that 
allow cardiac excursion during acceleration and deceleration. The 
reflections anchor the heart and limit translational and rotational 
excursion of the heart with activity.

The pericardium is a strong, dense, fibrotic layer that blends with 
the adventitia of the roots of the great vessels and the central tendon 
of the diaphragm. [25]The pericardial reflections of the human heart 
derive from the same mesodermal fetal tissue as functional cardiac 
tissue. Histologically, however, the pericardium contains more 
abundant fibroblasts and has a higher modulus of elasticity than 
adjoining atrial and venous tissue, resulting in a material mismatch. 
Because of the tethering of the pericardium, motion of the heart is 
limited and high stresses at the pericardial attachment points lead to 
reactive fibrosis adjacent to these regions [Figure 2]. To compound 
the stress issue, the posterior left atrium and the pulmonary veins are 
substantially thinner than the left atrial roof, the ridge, or the lateral 
left atrium. [26] [Table 1] Laplace’s law reasons that these regions 
would experience the highest pressure and stress. This may explain 
why dense fibrosis appears to be more common within the oblique 
sinus rather than on the other side of the pericardial reflection (ie in 
the borderzone of the transverse sinus, Waterston’s sulcus anteriorly, 
and the posterior left atrial appendage). Additionally, the pericardial 
attachment points may also explain why fibrosis around the region 
of the sinus node and thus sinus node dysfunction coexist with atrial 
fibrillation. It may also explain why the SVC frequently harbors sites 
of AF triggers. Although the pericardial reflections are frequently 
found near fibrosis prone regions, fibrosis may also be located at other 
regions due to regional pressure, stretch, and stress.
Cardiac Motion

Since DE-MRI data indicate that the region outside the left 
inferior pulmonary veins are most frequently associated with fibrosis, 
perhaps there is an anatomic reason for this region being statistically 
problematic. Since the pericardial reflections at the inferior 
pulmonary veins help tether the heart in place, cardiac motion may 
place significant strain at these regions. The base of the left ventricle 
twists in a counterclockwise motion. The heart’s rotational motion 
during systole as well as the longitudinal and translational motion 
may put particular strain on the left inferior antrum. Anteriorly, 
this may translate to annular fibrosis and coronary sinus substrate 
as there is also a material mismatch of atrial and ventricular tissue at 
the annulus.

Regional atrial wall stresses
Finite element analysis has been used to predict wall stress 

distribution based on left atrial geometry from CT. Peaks in walls 
stress were concentrated at the pulmonary venous ostia, the appendage 
ridge, the high posterior wall and septal regions. [Figure 3] Peaks in 
wall stress were consistent with low voltage areas suggestive of focal 
remodeling and fibrosis. [27] These high stress regions correlate with 
locations of the pericardial reflections. The pericardial reflections 
outlined in green in [Figure 1] extend along the right heart from 
the SVC to the right pulmonary vein ostia to the IVC, across the 
high posterior roof from the superior aspect of the RPV ostium to 
the superior aspect of the left pulmonary veins, and incorporate the 
LPV ostium. Delayed-Enhancement Magnetic Resonance Imaging 
(DE-MRI) has illustrated progressive fibrosis formation in the same 
regions of finite element analysis documented increased wall stress 
suggesting a correlation [Figure 2].
Stretch, Inflammation and fibrosis

In preclinical animal models, atrial stretch induces increased atrial 
fibrosis that causes regional remodeling and conduction slowing. 
Atrial stretch causes release of ANP, calcium overload, calcineurin 
activation, engagement of the AT1 receptor and alterations in 
MMP and TIMP levels, which are implicated in tissue turnover and 
remodeling. [28] Importantly, atrial stretch results in inflammation 
that contribute to fibroblast proliferation, collagen elaboration and 
scar formation. [29] Structural remodeling is ongoing with AF and 
thought to be partially mediated by transforming growth factor 
β1 (TGF-β1), which is a potent stimulator of collagen-producing 
cardiac fibroblasts. [30]

Atrial structural changes observed in animal models of AF include 
atrial enlargement, cellular hypertrophy, dedifferentiation, fibrosis, 
apoptosis, loss of contractile apparatus (myolysis), changes in size and 
shape of the mitochondria, disruption of the sarcoplasmatic reticulum, 
and homogeneous distribution of nuclear heterochromatin. [31] The 
changes in structural, contractile, and electrical properties disrupt 
interconnections between cardiac muscle bundles produces anisotropy 
that causes micro-reentry circuits. The resulting electrophysiological 
substrate is characterized by shortening of atrial refractoriness and 
reentrant wavelength or by local conduction heterogeneities caused 
by disruption of electrical interconnections between muscle bundles, 
which predisposes patients to develop AF. [32], [33] [16] [34]

Table 1: Left atrial wall thickness and fat thickness

Left atrial wall thickness 
(mm)

Left atrial fat thickness 
(mm)

LAA 2.2±0.6 4.3±1.8

Roof 2.0±0.6 4.3±2.1

Anterior Wall 1.8±0.3 1.3±0.7

Posterior Wall 1.7±0.3 3.6±2.0

Floor 1.7±0.3 9.6±3.9

Lateral Wall 1.8±0.4 6.3±3.1

Septum 2.4±0.8

Adapted from Park et al. Int J Cardiol 2014; 172(3):e411-3.

Figure 2:
Common regions of fibrosis
Adapted from Cochet et al. J Cardiovasc Electrophysiol 2015; 26: 
489
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hypertension was the only predictor of the degree of atrial fibrosis in 
patients with atrial fibrillation. [6] As an independent predictor of AF, 
hypertension causes remodeling of small and large vessels where low-
grade inflammation and associated elaboration of C-Reactive Protein 
are thought to play important roles in triggering fibrosis. A chronic 
increase in internal atrial pressure also causes atrial stretch that has 
been implicated in inflammation, apoptosis and atrial remodeling.
   Pressure induced fibrosis has been studied in an experimental porcine 
animal model. Ventricular tachypacing resulted in an increase in atrial 
volume of 60%, a two-fold rise in pressure and a complex pattern 
of local mechanical, histological and biochemical changes including 
fibrosis. The authors used a comparison of the stress distribution 
in healthy versus ventricular tachypacing cases to determine how 
volume overload and stress affects and modifies left atrial mechanics. 
The largest areas of stretch-induced changes were around the lower 
pulmonary veins and the appendage boundaries. [48] Similar to the 
pressure overload of hypertension, the pressure and volume overload 
of mitral regurgitation and mitral stenosis, sleep apnea, or congestive 
heart failure creates stress in the atria that predispose patients to 
atrial remodeling, fibrosis, and atrial fibrillation.
Obesity
     Obesity as a risk factor for AF has been documented with a two-fold 
increase in AF compared to age- and sex-matched individuals having 
a normal weight; this risk of developing AF increases progressively 
with rising Body Mass Index. [49] With a 2.4 fold increased risk of 
left atrial enlargement, obesity has the potential to cause stress-
mediated progressive atrial remodeling that produces substrates 
known to initiate or maintain AF. [50] The hemodynamic alterations in 
obesity such as increased intravascular volume and increased cardiac 
output may lead to LA volume overload, stress and LA dilatation. 
Interstitial and epicardial fat may accumulate and contribute to 
atrial fibrosis enhanced by paracrine effects. Studies have shown 
that the expansion of adipose tissue with obesity are accompanied 
by inadequate capillarization, resulting in hypoxia. [51] The increased 
leptin and reduced adiponectin levels of obesity may contribute to 
the adverse atrial remodeling. [52] Obesity is also associated with a 
proinflammatory state and oxidative stress, as evidenced by increased 

Anatomical Enhancers of Atrial Fibrillation substrate
Ganglionated plexi

Epicardial fat also contains a rich supply of autonomic ganglionated 
plexi (GP), which has gained attention in the creation of AF 
substrate. GPs are found embedded along the ligament of Marshall, 
along the great vessels, at the right superior PV-atrial junction, at the 
left superior PV-atrial junction, at the left inferior PV-atrial junction, 
and at the junction of the inferior vena cava and both atria. [35], [36] 

[Figure 1] GP stimulation by the autonomic nervous system has been 
hypothesized to release neurotransmitters that increase PV ectopy 
[37], reduce PV sleeve action potential duration [38], and shorten the 
fibrillation cycle length.[39] These factors appear to stimulate triggers 
and enable the perpetuation of AF. [40] The ablation of GP in addition 
to PVI may result in higher success rates in patients with paroxysmal 
and persistent AF. [41] Neural remodeling may allow for regrowth 
of ganglionated plexi [42], however even temporary suppression of 
ganglionated plexi may have long-term effects in suppressing of AF 
by breaking the cyclical progression of AF. [43]

Epicardial fat
   Recent studies have also implicated epicardial fat in the creation 
of AF substrate. [44] Adipose tissue is frequently found in the 
atrioventricular and interventricular grooves extending to the apex 
of the heart. There are also minor regions of fat that are located 
subepicardially around the 2 appendages and in the free walls of the 

Figure 3:
Peaks of atrial wall stress
Adapted from Hunter et al. Circ Arrhythm Electrophysiol. 
2012;5(2):354.

atria. [Figure 1] Epicardial fat may have direct electrophysiologic 
effects as well as possible paracrine effects by cytokines or other 
signaling molecules. [45] Epicardial adipose tissue express a wide 
range of inflammatory mediators and demonstrate increased activity 
of matrix metalloproteinases which likely contribute to interstitial 
fibrosis, [46] Since epicardial fat is often associated with fatty 
infiltration deep into the myocardial tissue, this disorganized tissue 
may contribute to local arrhythmogenic substrate.
Contribution of Comorbidities and Environmental Factors 
towards the Development of Atrial Fibrillation: Accelerators 
of Fibrosis 
Hypertension
   Stress from any source, whether endocardial or epicardial, applied 
to the left atrium leads to tissue remodeling and fibrogenesis. [47] 

The most common stressor is hypertension. In the DECAAF trial, 

Figure 4:

Panel A: Schematic of the Convergent procedure lesion pattern 
relative to the high stress regions. Panel B: Thoracoscopic hybrid 
AF ablation lesion set. Hybrid AF ablation utilizing a thoracoscopic 
approach commonly involves pulmonary vein isolation, a roof line, 
posterior box line, exclusion of the left atrial appendage (blue 
lines). Endocardial ablation is performed to confirm bi-directional 
block across the lines and create a cavotricuspid isthmus line (red 
dotted line). Additional ablation may be performed to create an 
intercaval line, mitral line, and at ganglionated plexi.
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addresses multiple non-PV mechanisms of AF. [57] The Convergent 
multidisciplinary procedure applies closed chest epicardial ablation 
of the posterior left atrium via a subxiphoid approach in combination 
with standard endocardial catheter ablation. This multidisciplinary 
procedure allows for electrosilencing the posterior wall using 
epicardial ablation at relevant points juxtaposing the pericardial 
reflections at their attachments to the left atrium. [Figure 4] The 
homogenization of the posterior and inferior wall tissue should 
theoretically prevent further progression of arrhythmogenic patchy 
atrial fibrosis. Fortunately, ablation of the posterior wall appears to 
have a minimal impact on left atrial function since the posterior wall 
contributes less to the left atrial ejection fraction than the anterior, 
septal and lateral walls.
   The promising clinical results utilizing this more comprehensive 
lesion set may lead credence to the role of ablating a wider territory 
of the left atrium. [58]-[62] Despite the fact that many patients had 
complex disease and frequently failed prior ablations, operators have 
reproducibly been reporting success rates in the 73% to 95% range 
on or off antiarrhythmic therapy at 1-year follow up amongst a mixed 
population of paroxysmal and persistent AF patients. [63] Although 
long-term data is pending, homogenization of the posterior wall 
should prevent posterior wall substrate development. Additionally, 
epicardial ablation of ganglionated plexi and epicardial fat may aid 
in the current treatment of and further progression of AF substrate.
   Similar to the Convergent procedure, hybrid procedures utilizing 
a thoracoscopic approach also seek to provide durable isolation of 
the pulmonary veins and posterior wall. [Figure 4] The ligament of 
Marshall is easily dissected from a thoracoscopic approach and ligation 
of the left atrial appendage may yield anti-arrhythmic benefit as well 
as reducing stroke risk. Additionally, ganglionated plexi may be more 
readily targeted, and additional linear lesions may also be created and 
verified across the mitral isthmus and cavotricuspid isthmus. Success 
rates utilizing a hybrid thoracoscopic technique have also been very 
favorable in the 84% to 94% range on or off antiarrhythmic therapy 
at 1-year follow up amonst a mixed population of paroxysmal and 
persistent AF patients. [64]

 Conclusions
In contrast to other organized arrhythmias, atrial fibrillation is an 

electrically disorganized arrhythmia that is frequently the end product 
of unfavorable atrial remodeling. Ablative therapy initially began 
targeting triggers which were frequently found in the pulmonary 
veins however we have subsequently learned that atrial fibrillation 
involves much more of the atrium and attention has expanded to 
additional mechanisms of atrial fibrillation genesis and perpetuation. 
Recent focus has been on the targeting of functional mechanisms of 
AF however it remains to be seen if these interventions will result in 
long-term arrhythmia-free success.

There appears to be a plausible anatomical mechanism for the 
progression of atrial fibrillation. Mechanical stress placed on the 
atrium due to its pericardial tethers and repetitive cardiac motion 
appear to cause stress induced inflammatory changes and fibrosis. 
These fibrotic changes predispose the atrium to fibrillate. [Figure 
5] The failure of current ablative strategies particularly to treat 
persistent atrial fibrillation may be due to the fact that PVI, linear 
ablation, CFAE ablation, and rotor ablation probably does not reduce 
the mechanical nor inflammatory stresses upon the remodeling 
atrium, and thus does not halt the anatomical progression of atrial 
fibrillation. This enforces the importance of risk factor reduction: 

CRP, IL-6, and TNF-α. Finally, the autonomic dysfunction of 
obesity (increased sympathetic activity and decreased vagal tone) 
may also contribute to AF inducibility. [53], [54]

AF in Endurance Athletes
    In endurance athletes, atrial fibrillation is more common than their 
age, sex and activity matched peers. The increased left atrial pressure 
loading and constant supra-physiologic acceleration/deceleration 
movements placed on the cardiac reflections may cause acute stretch 
induced electrical changes, fibrosis, and AF. [55] Deconditioning 
reverses expression of cardiac fibrosis markers in animal models of 
endurance suggesting that once training is halted and load is removed 
from the pericardial attachments, the fibrotic process is retarded. [56]

Treatment of Progressive Atrial fibrillation
   Current therapies in the ablation of atrial fibrillation focus on the 
creation of durable lesions (contact force catheters, laser balloon, 
cryoballoon, nMarq ablation catheter) and the assessment of real-
time arrhythmogenic substrate (CFAE and rotor mapping). In centers 
with expertise in cardiac MRI, pre-ablation substrate assessment and 
tailored ablation isolating regions of fibrosis shows an appreciation 
for atrial fibrotic substrate. However all of these therapies generally 
deal with a patient’s atrial fibrillation at its present state of substrate. 
As long as the causative factors for atrial stress continue to exist, it 
would not be surprising that atrial fibrosis would progress, exposing 
the patient to continued risk for developing atrial fibrillation. 
Certainly patients with sleep apnea, obesity, and hypertension need 
to be treated, however complete control of AF risk factors is usually 
impossible.
   Patients with enlarged atrial and heterogeneous AF substrate will 
likely have more than just focal pulmonary vein triggers as the driver 
for their disease. This is the reason why more extensive ablation 
is usually required to treat these patients. Using an endocardial 
approach only, creation of additional lines to isolate the posterior wall 
and prevent mitral annular, septal, or right atrial substrate can better 
address the non-PV substrate of AF, however it is currently limited 
by issues inherent in the creation of lines using a point-by-point 
technique. Additionally, an endocardial approach may not address 
GP, epicardial fat, and other non-PV substrate as thoroughly or as 
easily as an epicardial approach.
   Hybrid procedures have been utilized to treat patients with difficult 
AF substrate.
  The Convergent atrial fibrillation procedure treats a high 
proportion of left atrial territory that is at high risk for fibrosis and 

Figure 5: Stretch-Inflammation-Fibrosis-Fibrillation (StiFF) Axis
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