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Aims

Methods
and results

This study aims to examine the association of clinical co-morbidities with the presence of left atrial (LA) late gadolinium
enhancement (LGE) on cardiac magnetic resonance (CMR). Previous studies have established the severity of LA LGE to
be associated with atrial fibrillation (AF) recurrence following AF ablation. We sought to determine whether baseline
clinical characteristics were associated with LGE extent among patients presenting for an initial AF ablation.

The cohort consisted of 179 consecutive patients with no prior cardiac ablation procedures who underwent pre-pro-
cedure LGE-CMR. The extent of LA LGE for each patient was calculated using the image intensity ratio, normalized to
the mean blood pool intensity, corresponding to a bipolar voltage <0.3 mV. The association of LGE extent with base-
line clinical characteristics was examined using non-parametric and multivariable models. The mean age of the cohort
was 60.9 + 9.6 years and 128 (72%) were male. In total, 56 (31%) patients had persistent AF. The mean LA volume was
118.4 + 41.6 mL, and the mean LA LGE extent was 14.1 + 10.4%. There was no association with any clinical variables
with LGE extent by quartiles in the multivariable model. Extent of LGE as a continuous variable was positively, but
weakly associated with LA volume in a multivariable model adjusting for age, body mass index, AF persistence, and
left ventricular ejection fraction (1.5% scar/mL, P = 0.038).

Conclusion In a cohort of patients presenting for initial AF ablation, the presence of pre-ablation LA LGE extent was weakly, but
positively associated with increasing LA volume.

Keywords Atrial fibrillation e Cardiac magnetic resonance imaging e Delayed enhancement magnetic resonance e Ablation e
Fibrosis

Introduction increased fractionated left atrial signals, increased LA voltage hetero-

Atrial fibrillation (AF) is the most common sustained arrhythmia in
the world and is associated with significant morbidity as well as rising
attributable mor"tality.1 At a structural level, AF is associated with
electrical and mechanical atrial remodelling, which provide the sub-
strate for AF initiation and maintenance.> At a clinical level, increas-
ing age, hypertension, obesity, metabolic syndrome, and obstructive

R

sleep apnoea (OSA) are associated with incident AF."> A recent study

showed that obese sheep had more interstitial atrial fibrosis,

geneity, and more easily sustained AF compared with lean sheep.®
This new finding supports the well-established concept that ‘atrial
fibrillation begets atrial fibrillation’. The scientific basis of this rela-
tionship was first reported by Wijffels et al.> Using a goat model
these authors demonstrated that when AF is artificially maintained
there is a decrease in the AF cycle length, and increase in stability of
AF and upon termination, and AF is more easily induced with a pre-
mature stimulus. However, more recently Kottkamp has come up
with a new concept of ‘fibrotic atrial cardiomyopathy’ (FACM),
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What’s new?

e Atrial fibrosis provides the structural substrate for atrial fib-
rillation (AF) maintenance. Left atrial (LA) late gadolinium
enhancement (LGE) on MR, as a surrogate for atrial fibro-
sis, has been shown to associate with worse outcomes fol-
lowing AF catheter ablation. We found no patient level
factor to be associated with LA LGE, except for a weak as-
sociation between LA volume and LA LGE. Additional re-
search is warranted to identify the mechanism and
predictors of LA LGE in AF patients in order to properly
identify the mechanistic role of fibrosis in the AF pathway
and strategies for its prevention.

e Left atrial volume is not an adequate surrogate for LA LGE.
Determining LA LGE is clinically important in order to
properly communicate with patients their chances of suc-
cess following catheter ablation of AF.

which proposes that there is little relationship between the duration
of AF and the extent of myocardial scar.’”

There are two main objectives of our study. First, we sought to
gain further insight into the competing theories of ‘atrial fibrillation
begets atrial fibrillation” and ‘FACM’ by examining the relationship
between AF duration and atrial late gadolinium enhancement
(LGE) as a surrogate of fibrosis. We also examined the association
of clinical co-morbidities with atrial LGE extent. The second object-
ive of this study was to determine the relationship between atrial
scar and atrial size. If a close association between atrial LGE and
atrial volume is present, the incremental value of determining LGE
extent using cardiac magnetic resonance (CMR) would be limited.

Methods

Patient population

The patient population comprised 179 patients referred for an initial
AF ablation at the Johns Hopkins Hospital, who underwent a pre-
procedure MRI scan, and consented to participate in a prospective AF
ablation registry approved by the Johns Hopkins Institutional Review
Board. Patients were categorized based on the AF type according to
the 2014 American Heart Association/American College of Cardi-
ology/Heart Rhythm Society guideline definitions as well as the duration
of time since first diagnosis of AF and based on the longest time in
continuous AF prior to undergoing AF ablation.

Cardiac magnetic resonance

All patients underwent pre-procedural CMR using a 1.5 Tesla scanner
(Avanto, Siemens, Erlangen, Germany) with a six-channel phased
array torso coil as previously described.® Contrast-enhanced three-
dimensional (3D) magnetic resonance angiography images were used
to define LA and pulmonary vein anatomy. Late gadolinium-enhanced
CMR scans were acquired ~ 18 min following 0.2 mmol/kg gadolinium in-
jection (gadopentetate dimeglumine; Bayer Healthcare Pharmaceuticals,
Montville, NJ, USA). We utilized a 3D inversion recovery prepared fast
spoiled gradient recalled sequence that is respiratory triggered and navi-
gated, ECG gated, and fat suppressed (repetition time of 2.5-5.5 ms,
echo time of 1.52 ms, flip angle at 10 degrees, in-plane resolution of
1.3 x 1.3, slice thickness of 2.0 mm, and inversion time of 240—290 ms).

Left atrial late gadolinium enhancement
quantification

The LA myocardium was defined by placing epi- and endocardial con-
tours using QMass MR Software (Version 7.2, Leiden University Medical
Center, Leiden, The Netherlands). The image intensity ratio (IIR), a
previously described LGE-CMR technique that normalizes myocardial
image intensities by the mean blood pool intensity, corresponding to
a bipolar voltage <0.3 mV was used to identify fibrosis. For this study,
we chose a threshold of 0.3 mV to be consistent with prior studies of
the extent of LA LGE.” The methodology for calculation of the IR
and its validation against regional bipolar voltage has been previously
described.® The mean IIR of the entire LA and extent of fibrosis (as a
percentage of total LA myocardium) were measured for all patients.
Left atrial volume was calculated based upon the 3D reconstruction
of the LA contours.

Statistical analysis

Categorical variables were summarized by number and percentage.
Continuous variables were summarized as a mean and standard devi-
ation. To examine non-linear associations, LGE extent was analysed as
a categorical variable by quartiles: Group 1, <6%; Group 2, 7—12%;
Group 3, 13-20%; and Group 4, >20%. Additionally, analyses were
performed on LGE extent as a continuous variable. However, given
the skewed nature of the LGE extent distribution, these analyses
were performed after log transformation. The univariable association
of LGE extent with clinical variables was assessed using non-parametric
tests as appropriate. The multivariable association of clinical variables
with LGE extent was examined using multivariable ordinal logistic re-
gression and linear regression as appropriate. Finally, we examined
the presence of interaction between LA volume and AF persistence
using a multiplicative interaction term. Statistical analyses were per-
formed using STATA Statistical Software (Version 12, StataCorp, LP,
College Station, TX, USA). A two-sided P-value of <0.05 was consid-
ered statistically significant.

Results

Clinical characteristics

The clinical characteristics of the 179 patients in the cohort are
summarized in Table 1. The mean age was 60.9 + 9.6 years. One
hundred and twenty-eight were men (72%) and 56 (31%) had per-
sistent AF. The mean left ventricular ejection fraction (LVEF) was
56.6 + 8.3. The median CHA;DS,-VASc score was 1 [interquartile
range (IQR): 1-3]. Table 1 also shows the LA volume and the extent
of LGE. The mean LA volume was 118.4 + 41.6 mL, and the mean
LA LGE extent was 14.1 + 10.4%.

Clinical predictors of fibrosis

Shown in Figure 1 are four representative LA CMR images. It is not-
able that no apparent relationship exists between AF type and the
degree of LA LGE. Patient 1 is a 67-year-old man with morbid obes-
ity, hypertension, diabetes, dyslipidaemia, OSA, and paroxysmal AF,
but has only 2.2% LA LGE. In contrast, Patient 2 is a 50-year-old man
with obesity, hypertension, dyslipidaemia, diabetes, OSA, and par-
oxysmal AF, with 29.7% LA LGE. Patient 3 is a 67-year-old man
with dyslipidaemia, OSA, and persistent AF, with only 5.4% LA
LGE. Finally, Patient 4 is a 57-year-old man with persistent AF and
only a history of hypertension, yet has 32.4% LA LGE.
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Table | Clinical characteristics

Total cohort Group 1 Group 2 Group 3 Group 4 P-value (among
(n=179) (n = 49) (n = 45) (n = 44) (n=41) groups)

Extent of scar (%) 141+ 104 36+ 17 95+ 1.8 165+24 292 + 1.6
Age (years) 60.9 + 9.6 61.5+9.0 60.7 + 10.6 591+£93 623 +94 0436
Caucasian 169 (94.4%) 46 (93.9%) 42 (93.3%) 41 (93.2%) 40 (97.6%) 0.796
Male gender 128 (71.5%) 33 (67.4%) 28 (62.2%) 34 (77.3%) 33 (80.5%) 0.198
Body mass index (kg/m?) 287 +55 291 +59 284 +54 29.6 +53 277 + 54 0415
Coronary artery disease 19 (10.6%) 5 (10.2%) 3 (6.7%) 7 (15.9%) 4 (9.8%) 0.556
Congestive heart failure 22 (12.3%) 6 (12.2%) 2 (4.4%) 10 (22.7%) 4 (9.8%) 0.064
Peripheral vascular disease 3 (1.7%) 1 (2.0%) 0 (0%) 1(2.3%) 1 (2.4%) 0.790
Hypertension 95 (53.1) 26 (53.1%) 16 (35.6%) 26 (59.1%) 27 (65.9%) 0.031
Obstructive sleep apnoea 42 (23.5) 12 (24.5%) 9 (20%) 13 (29.6%) 8 (19.5%) 0.661
Dyslipidaemia 76 (42.5%) 20 (40.8%) 15 (33.3%) 18 (40.9%) 23 (56.1%) 0.191
Insulin dependent diabetes 4 (2.2%) 1(2.0%) 0 (0%) 1(2.3%) 2 (4.9%) 0.461
TIA/stroke 14 (7.8%) 7 (14.3%) 1(2.2%) 2 (4.6%) 4 (9.8%) 0.129
History of tobacco use 48 (26.8%) 17 (34.7%) 10 (22.2%) 11 (25%) 10 (24.4%) 0.526
Persistent AF 56 (31.3%) 10 (24.5%) 13 (28.9%) 14 (31.8%) 19 (46.3%) 0.067
Time in continuous AF (months) 48+ 71 41+72 714+ 111 3.6 + 3.1 44 +59 0.380
LA volume (mL) 1184 + 41.6 113.1 + 46,5 1104 + 32.0 121.8 + 43.0 1298 + 41.6 0.087
LVEF 56.6 + 8.3 574+70 584 + 638 552 +97 549 +93 0.153
CHA,DS,-VASc 0.890

0 38 (21.2%) 7 (14.3%) 11 (24.4%) 11 (25%) 9 (22.0%)

1 60 (33.5%) 17 (34.7%) 16 (35.6%) 12 (27.3%) 15 (36.6%)

2 31 (17.3%) 9 (18.4%) 8 (17.8%) 10 (22.7%) 4 (9.8%)

3 25 (14.0%) 7 (14.3%) 5 (11.1%) 7 (15.9%) 6 (14.6%)

4 15 (8.4%) 4 (8.2%) 4 (8.9%) 2 (4.6%) 5 (12.2%)

5 4 (2.2%) 2 (4.1%) 1(2.2%) 1(2.3%) 0 (0%)

6 6 (3.4%) 3 (6.1%) 0 (0%) 1(2.3%) 2 (4.9%)

Values in bold are statistically significant (P < 0.05).

Minimal LA LGE Advanced LA LGE

Persistent AF

Figure | Posterior wall of the left atrium of four different patients showing varying degrees of LA LGE independent of AF persistence.
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Figure 2 Relationship between LA LGE extent and time in
continuous AF among patients with persistent AF.

Table 1 summarizes the comparison of clinical characteristics
among groups formed by LGE extent quartiles. The mean percent-
age LGE in the four quartiles was 3.6 + 1.7%, 9.5 + 1.8%, 16.5 +
2.4%, and 29.2 + 1.6%, respectively. Among the clinical variables,
which were examined, the only difference was in the percentage
of baseline hypertension among the groups (P = 0.031). In the uni-
variable analysis, there was no other difference in clinical character-
istics between the groups. After adjustment for age, body mass
index (BMI), coronary artery disease, diabetes, OSA, LVEF, left atrial
volume, and type of AF in a multivariable model, there was no longer
a difference in the percentage of hypertension between the four
groups (P = 0.155). Of particular note, no difference in percentage
LGE was observed in patients with paroxysmal vs. persistent AF.

To further explore the relationship between AF duration and
LGE, we plotted the association between the maximal AF duration
and percentage LGE in Figure 2. No association was noted between
time in continuous AF and LGE quartiles (one-way ANOVA
P = 0.248). Further, there was no association between time in
continuous AF and LGE extent as a continuous variable (Spearman’s
rho 0.042, P = 0.757). Many patients with persistent AF of only
short duration had a marked degree of LGE, whereas other patients
who had been in AF for many months had relatively little LGE.

Relationship between left atrial volume
and fibrosis

Shown in Figure 3 is the relationship between LA volume and LGE.
Patients with paroxysmal AF are identified by triangles, whereas
patients with persistent AF are marked with open squares. It can
be appreciated that the association between LA LGE and volume,
while present, is weak. The LA volume overall was 118.4 +
41.6 mL. The LA volume measures corresponding to quartiles of
LGE were 113.1 + 46.5 mL, 1104 4+ 32 mL, 121.8 + 43.0 mL, and
129.8 + 41.6 mL, respectively. Log LGE extent as a continuous vari-
able was weakly associated with LA volume (Spearman’s rho 0.208,
P = 0.005) and LVEF (Spearman’s rho —0.190, P = 0.012). Further,
those with persistent AF (17.2 + 11.8%) had a higher LGE
extent compared with those with paroxysmal AF (12.7 + 9.3%)

1.5% scar/mL, P=0.046

40

20

LA myocardial LGE extent (%)

T T T T
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Left atrial volume (mL)

4 Paroxysmal AF =======:
O Persistent AF

Figure 3 Relationship between LA LGE extent and LA volume.

(P = 0.012). After adjusting for age, BMI, AF persistence, and
LVEF, LA volume was the only variable associated with LGE extent
in a multivariable linear regression model (1.5% scar/mL, P = 0.046)
(Table 2, Figure 3).

In the multivariable model for the association of LGE extent with
age, BMI, AF persistence, LVEF, and LA volume, there was no
evidence for statistical interaction between AF persistence and LA
volume (P = 0.506).

Discussion

Main findings

The purpose of this study was to explore the clinical predictors of
LA LGE as a surrogate of fibrosis and also to examine the associ-
ation between LA volume and LGE. Identification of the clinical
factors that associate with atrial fibrosis is important not only for
screening potential candidates for AF ablation, but also for under-
standing the pathophysiology of AF and its substrate.

There were two main findings of this study. First, the results of
this study showed that no clinical variable predicts the degree of
LA LGE on CMR. Second, the association between LA LGE and
volume, while present, is weak.

Clinical predictors of scar

There have been several prior studies that have examined predic-
tors of LA LGE. Among these, the largest was of 333 patients under-
going first time AF ablation in which there was no significant
difference in the degree of LA LGE by Utah Group staging (Utah
1: <5%, Utah 2: 5-20%, Utah 3: 20-35%, and Utah 4: >35%)
among patients with lone AF (defined as<<60 years of age, absence
of structural heart disease, coronary artery disease, diabetes melli-
tus, or hypertension) and non-lone AF.'® In another study of 144 pa-
tients undergoing pulmonary vein isolation, there was no difference
between the Utah Stage groups in regards to age, hypertension,
diabetes, coronary artery disease, congestive heart failure, LVEF,
or type of AF.""
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Table 2 Association of clinical characteristics with late gadolinium enhancement

Univariable

P-value
Age (years) 0.725
Caucasian 0.320
Male gender 0.054
Body mass index (kg/m?) 0.853
Coronary artery disease 0.524
Congestive heart failure 0.337
Peripheral vascular disease 0.540
Hypertension 0.058
Obstructive sleep apnoea 0.827
Dyslipidaemia 0.127
Insulin dependent diabetes 0.319
TIA/stroke 0.709
History of tobacco use 0.527
Persistent AF 0.012
Time in continuous AF (months) 0.758
LA volume (mL) 0.005
LVEF 0.012
CHA,DS,-VASc 0.834

Multivariable Multivariable

analysis, OR P-value
(95% ClI)

1.2 (0.87-1.59) 0.293
1.5 (1.01-2.26) 0.046
0.53 (0.24-1.60) 0.111

Univariable model based on Spearman’s rho, Mann—Whitney test, or Kruskal—Wallis test as appropriate.

Multivariable model adjusted for age, BMI, AF persistence, and LVEF.

The results of our study confirm prior reports that no patient
clinical co-morbidity is associated with LA LGE. Further, our study,
with its sizable population of AF patients, adds to the current litera-
ture because the approach used to define delayed enhancement is
based on a novel method based on the lIR, which decreases both
inter-patient and inter-scan variability.®

The pathophysiology of AF is complex and is an end product of a
number of changes including a decrease in the effective refractory
period, increasing conduction velocity, and haemodynamic altera-
tions leading to LV dysfunction, increased LA pressure, and impaired
atrial contractility. Finally, structural remodelling promotes fibrosis
and tissue heterogeneity, which provides a substrate to maintain
AF. It is thus interesting that while clinical markers such as advanced
age, left ventricular dysfunction, and hypertension are associated
with the development of AF, they are not associated with LGE ex-
tent. The results of this study provide more support to the FACM
hypothesis in which a chronic bi-atrial fibrotic substrate exists
even among those with ‘lone’ AF. Further, FACM may be a precur-
sor to the development of AF as a recent study of 190 patients re-
ferred for cardiac MR showed there is considerable LA LGE among
a general cardiology population without AF."? Further, the presence
of AF was independently associated with increasing LA LGE.
Whether the association of certain genotypes linked with AF,
such as single nucleotide polymorphisms on chromosome 4q25,"
is mediated through LA fibrosis is currently unknown. Recent
work by Wang et al.™ in patients with paroxysmal AF has revealed
increased expression of micro RNA 146b-5p, which targets tissue
inhibitor of metalloproteinase 4 resulting in an increase in collagen

content. Further investigation is warranted in the area of genetic
modifiers for atrial fibrosis.

Time in continuous AF, which is a marker of AF persistence, has
been shown to be associated with worse clinical outcomes, includ-
ing a higher risk of stroke." Prior work has shown that those with
persistent AF have lower mean LA bipolar voltage, slowed LA con-
duction time, and higher complex signals compared with patients
without AF."® In this study, however, we found no association be-
tween AF persistence and LA LGE. In agreement with the results
of the DECAAF trial,'” these results suggest that the association be-
tween LA LGE, AF persistence, and AF recurrence post-ablation
may be mediated by different factors. Left atrial LGE is a surrogate
for structural remodelling that provides the substrate to maintain AF
and can lead to LA dysfunction.'® However, persistent AF may lead
to more electrical remodelling (changes in the atrial ERP, slowing of
conduction velocity) allowing for AF recurrence. Further, among
patients with persistent AF, there was no significant relationship
between time in continuous AF and LA LGE extent. The results
of this study, which show the duration of AF has little impact on
scar, further supports the concept put forth by Kottkamp.

Relationship between left atrial volume
and extent of scar

Prior studies have demonstrated that LGE predicts outcomes of
AF ablation.""”"? In the DECAAF study, a multicentre, prospective,
observational cohort study of 272 patients undergoing initial cath-
eter ablation for AF, the extent LA LGE was an independent
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predictor of recurrent atrial arrhythmia. Compared with those in
the Utah Stage 1 fibrosis group, those in Utah Stage 4 were more
than four times as likely to develop recurrent atrial arrhythmias after
475 days of follow-up.

Studies have also reported that LA volume predicts outcomes.
Among 146 patients with symptomatic AF undergoing catheter
ablation, LA volume was found to be an independent predictor of
long-term freedom from AF2 For every 10 mL increase in LA vol-
ume, there was 14% increased odds of AF recurrence. Interestingly,
in a study of 50 paroxysmal AF patients undergoing pre-procedural
cardiac MR prior to pulmonary vein isolation, there was a significant
association of LA LGE with AF recurrence at 12 months; however,
increasing LA size (which was associated with increasing LA LGE)
was not associated with AF recurrence.?’ One of the goals of
our study was to examine the relationship between LA LGE
and LA volume. If a close correlation exists, one could argue
that there is little value in determining LA LGE and LA volume
may serve as a surrogate. The results of this study suggest a weak
association between LA volume and LGE extent. This observation
suggests that MRI imaging for detection of LGE provides unique
information over and beyond the prognostic value of LA volume.
Further trials are needed to more precisely define the relative
importance of LA volume and fibrosis in determining outcomes of
AF ablation.

Limitations

The cohort under study was formed exclusively of patients referred
for catheter ablation of AF and thus reflects a selected population
with limited generalizability to the overall source population of
those with AF. Second, LA wall thickness is near the limit of LGE
image resolution and thus it is possible that parts of the blood
pool or pericardium were encompassed in the LA wall LGE analysis
in some cases. Finally, the classification of paroxysmal vs. persistent
AF may not always be clear in certain patients, as it is possible for
a patient with documented persistent AF to also have periods of
paroxysmal AF.

Conclusions

Left atrial LGE as a surrogate of left atrial remodelling and fibrosis is
only one contributor to the pathophysiology of AF. This is evident
by the fact that control of other haemodynamic attributing risk
factors such as obesity, hypertension, and diabetes decreases AF
recurrence after AF ablation.?” Based on the results of this study
showing a lack of association between LA LGE and traditional co-
morbidities associated with AF, one must begin to think of LA
LGE as a phenomenon independent of clinical risk factors,” which
may be modifiable in order to reduce AF burden supporting the
concept of Kottkamp’s FACM. The results of this study also reveal
that only a weak association exists between LA volume and LA LGE,
thus making LA volume an un-reliable surrogate for determining LA
LGE extent. Further research is warranted to determine whether
these findings can be extrapolated to the general AF population,
whether other clinical characteristics, genetic variants, or biomar-
kers are associated with the development of LA fibrosis, and
whether baseline LA LGE in healthy individuals predicts future
development of AF.
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Extensive atrial fibrosis assessed by late gadolinium enhancement
cardiovascular magnetic resonance associated with advanced interatrial
block electrocardiogram pattern
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The electrocardiogram (ECG)-based criteria of par- A A-IAB
tial and advanced interatrial block (P-IAB, P > I NSNS ESEESEESNSEASSESEESEEEEEERES
120 ms; A-IAB, P> 120 ms plus biphasic (+) TN eV

morphology in the inferior leads) and their associ-

ation with atrial fibrillation/flutter were described
by Bayés de Luna et al. in the 1980s.
We present the case of an 82-year-old man. Over

VF

the years, his ECG pattern has developed from nor- D

mal P wave to P-IAB and later A-IAB (Panel A) and 3D LGE-MRI
presents short AF runs during Holter monitoring. B
Panel A shows that the clear A-IAB pattern with a
very low voltage identifies a clear P wave with the
biphasic (+) morphology. We obtained a 3D re-
construction of 3T late gadolinium enhancement IR
cardiovascular magnetic resonance (LGE-CMR)
(Panel B) showing extensive biatrial fibrosis with
clear involvement of the upper part of the septum 1,32
(Bachmann’s bundle; arrows). The image intensity 1.20
ratio between CMR local signal intensity of LGE
and mean signal intensity of blood pool depicts
the degree of fibrosis in a colour scale (dense fibro-
sis in red).

The image describes the association between
A-IAB and atrial fibrosis in both atria detected by
LGE-CMR, explaining the abnormal atrial activation.
Overall, this sequence demonstrates non-invasively
that atrial fibrosis is a key factor in explaining the
ECG pattern of A-IAB.

The full-length version of this report can be viewed at:
http://lwww.escardio.org/Guidelines-&-Education/
E-learning/Clinical-cases/Electrophysiology/EP-Case-
Reports.

Published on behalf of the European Society of Cardiology. All rights reserved. © The Author 2017. For permissions please email: journals.permissions@oup.com.
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