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Abstract

Introduction—Transesophageal echocardiography (TEE) is used to evaluate for left atrial
appendage (LAA) thrombi prior to restoration of sinus rhythm in atrial fibrillation (AF). We
examined the relationship of atrial fibrosis quantified using late gadolinium enhancement MRI
(LGE-MRI) with TEE findings.

Methods and Results—We included 178 patients with AF, undergoing TEE and LGE-MRI
prior to ablation or cardioversion. LGE-MRI and subsequent image processing was used to
quantify atrial fibrosis based on signal intensity analysis. The mean CHADS, score was 1.24+1.08
and CHA,DS,-VASc was 2.08+1.33. The LAA was classified as normal, spontaneous echo
contrast (SEC) present or thrombus present. LAA thrombus was found in 12 patients (6.7%) while
SEC was identified in 19 patients (10.7%). Patients with thrombus had higher atrial fibrosis
compared to patients without thrombus (26.9+17.4% vs 16.7+10.5%; p<0.01). Atrial fibrosis was
also higher in patients with SEC (23.3+13.7%) compared to those without SEC (16.7+10.8%;
p=0.01). Patients with high atrial fibrosis (>20%) were more likely to have a LAA thrombus
(Odds Ratio 4.6; p=0.02) and SEC (Odds ratio 2.6; p=0.06). Multivariate logistic regression
showed high fibrosis (Odds Ratio 3.6; p<0.01) and CHADS2=2 (Odds Ratio 3.5; p<0.01) were
significant predictors of TEE abnormalities (LAA thrombus or SEC). The area under the curve for
the model including high fibrosis, AF type and CHADS2>2 or CHA,;DS,-VASc=2 was 0.73
compared to 0.63 and 0.65 for CHADS2 and CHA,;DS,-VASc alone.

Conclusions—Aitrial fibrosis is independently associated with appendage thrombus and
spontaneous contrast. It provides additional risk stratification not captured by clinical parameters.
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Introduction

Methods

Atrial fibrillation (AF) is associated with increased mortality! and a 5-fold higher risk of
stroke2. Embolic strokes associated with AF cause more severe deficits and debilitation
compared to ischemic strokes unrelated to the arrhythmia.3 One of the early decision points
in managing AF patients is the assessment of thromboembolic risk. Several risk stratification
tools, including the CHADS, score, are in use and rely on clinical parameters and
comorbidities. The decision whether to recommend oral anticoagulation therapy is made
depending on the number of risk factors identified.

AF is associated with tissue as well as overall atrial chamber structural remodeling that has
been demonstrated in both animal models and humans.# This remodeling process is integral
to the pathophysiology of the arrhythmia and constitutes the substrate required for its
maintenance.®> We have demonstrated that atrial tissue remodeling and fibrosis can be
noninvasively assessed and quantified using advanced cardiac imaging with Late-
Gadolinium Enhancement MRI (LGE-MRI)® 7. Thromboembolism risk stratification tools
currently do not incorporate any measure of the atrial remodeling seen in AF patients.

Transesophageal echocardiography (TEE) is a commonly used imaging modality in AF
patients. It is often performed to evaluate for atrial thrombi prior to interventions aimed at
restoration of sinus rhythm, such as direct current cardioversion, antiarrhythmic drug
therapy and catheter ablation. TEE is especially performed when duration of arrhythmia and
adequate therapeutic anticoagulation cannot be properly ascertained.

In this study, we sought to evaluate the relationship of LA fibrosis quantified using LGE-
MRI and the presence of TEE abnormalities. We hypothesized that advanced atrial fibrosis
is associated with a higher risk of TEE abnormalities including LA appendage thrombi and
spontaneous echocardiographic contrast (SEC). We also examined the predictive ability of a
model that includes atrial fibrosis in addition to the usual clinical risk factors (CHADS, and
CHA,DS,-VASC scores).

Study Population

One hundred and seventy-eight patients were retrospectively selected from the University of
Utah atrial fibrillation database. Selected patients had to have both LGE-MRI of the heart as
well as transesophageal echocardiography between April 2009 and September 2010. The
institutional review board approved the atrial fibrillation program database protocol. Patient
related data were de-identified and protected in compliance with Health Insurance
Portability and Accountability Act (HIPAA) regulations. Baseline patient demographics,
medical conditions and comorbidities, pertinent lab results especially international
normalized ratios (INRs), drug treatments, echocardiographic and LGE-MRI data pertaining
to chamber size and function as well as significant valvular abnormalities were collected and
analyzed for the purpose of the study.
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Late-Gadolinium Enhancement MRI Acquisition

LGE-MRI was obtained in all patients for decision-making and management of atrial
fibrillation. The details of MRI acquisition techniques have been previously described®: 7.
Briefly, all scans were performed on a 3 Tesla Verio clinical scanner (Siemens Healthcare,
Erlangen, Germany). High-resolution LGE images of the left atrium were acquired about 15
minutes following contrast agent injection (0.1mmol/kg, Multihance [Bracco Diagnostics
Inc., Princeton, NJ, USA]) using a 3-dimensional (3D) inversion recovery prepared,
respiration-navigated, electrocardiogram (ECG)-gated, gradient echo pulse sequence.
Typical acquisition paramaters were: free breathing using respiratory navigation, a
transverse imaging volume with voxel size=1.25 x 1.25 x 2.55mm (reconstructed to 0.625 x
0.625 x 1.25mm), repetition time/echo time (TR/TE) = 3.1/1.4 milliseconds, flip angle = 14
degrees, inversion time (T1) = 280-330 milliseconds, and GRAPPA with a reduction factor
of 2. Inversion pulse was applied every heart beat and fat saturation was applied
immediately before data acquisition. Data acquisition was limited to 15% of the cardiac
cycle and was performed during the diastolic phase of the atrial cycle. The TE of the scan
(1.4 milliseconds) was chosen such that fat and water were almost out of phase and the
signal intensity of partial volume fat-tissue voxels was reduced allowing improved
delineation of the atrial wall boundaries. The Tl value for the LGE-MRI scan was identified
using a T scout scan. Typical scan time for the LGE-MRI study was 4-9 minutes depending
of subject respiration.

Quantification of atrial tissue fibrosis

Left atrial wall volumes were manually segmented by expert observers from the LGE-MRI
images, using the Corview image processing software (MARREK Inc., Salt Lake City, UT).
The protocol for segmentation proceeded as follows. First, the endocardial border of the LA
was defined, including an extent of pulmonary vein (PV) sleeves, by manually tracing the
LA-PV blood pool in each slice of the LGE-MRI volume. Next, the endocardial
segmentation was morphologically dilated and then manually adjusted to create an
assessment of the boundary of the epicardial LA surface. Finally, the endocardial
segmentation was subtracted from the epicardial segmentation to define a wall
segmentation, which was manually edited to exclude the mitral valve and PVs. Thus, the
resulting LA wall segmentation included the 3D extent of both the LA wall and the antral
regions of the PVs.

To delineate regions of fibrosis in LGE-MRI images, we defined enhancement through an
intensity threshold that was determined by expert inspection. To assist this process, initial
visualization used a volume-rendering tool in Corview that allowed the operator to visualize
the distribution of enhancement in 3D. A custom transfer function allowed the operator to
define gradations of enhancements, while suppressing blood and normal tissue with a
transfer function. The threshold was defined for each patient at two standard deviations
above the mean enhancement. Figure 1 illustrates the steps described above. Quantification
of atrial tissue fibrosis was reported as a percentage of the left atrial wall volume.

Processing of the MRI scans was completed in a blinded independent fashion relative to the
trans-esophageal echocardiograms.
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Interobserver Variability—Three blinded observers were asked to quantify fibrosis on
randomly selected subjects from this study. The correlation coefficients between observers
ranged from 0.82 to 0.97 indicating significant reproducibility and advanced expertise in our
laboratory in acquisition, segmentation and processing of LGE-MRI images.

Transesophageal echocardiographic evaluation

Transesophageal echocardiograms were obtained after the MRI scan with an average time of
one week between the two studies. All studies were conducted under a standardized protocol
that includes local hypopharyngeal anesthesia and monitored sedation with midazolam and
fentanyl. Transesophageal image acquisition was performed using commercially available,
multiplane phased array imaging probes and cardiac ultrasound systems (Sequoia C512:
Siemens Medical Solutions, Mountain View, California; Philips iE33: Philips Medical
Systems, Bothell, WA). Cine loops were stored and images were available for offline review
and evaluation for the presence of appendage thrombus and left atrial spontaneous
echocardiographic contrast. All scans were performed in the presence of two cardiovascular
disease physicians with extensive echocardiography experience. Spontaneous
echocardiographic contrast was defined as smoke-like material with a characteristic swirling
motion that persisted throughout the cardiac cycle and was seen with optimized gain
settings. Thrombus was defined as an echo-dense mass lesion that was present in multiple
imaging planes and clearly distinguishable from trabeculation and atrial endocardium.®
Intravenous injection of perflutren lipid microspheres (Definity: Lantheus Medical Imaging,
North Billerica, MA) was selectively used to clarify whether ambiguous lesions represented
spontaneous contrast versus thrombus.

Statistical Analysis

Results

Statistical analysis was performed using Stata version 12 (StataCorp, College Station, TX,
USA). Continuous variables are reported as means and standard deviations; categorical
variables are reported as percentages of the cohort. Student’s t-test was used to compare
continuous variables and Fisher’s exact test (two-sided) was used to compare categorical
variables. Logistic regression was used to determine the odds of a positive TEE finding.
Since we only found 12 patients with thrombus and 19 patients with SEC, we combined the
two findings (28 patients with LAA thrombus, SEC or both) in order to perform multivariate
regression analysis. Receiver operating characteristics (ROC) analysis was performed to
assess the performance of the prediction models using the CHADS2 score alone and in
combination with atrial fibrosis and AF type. A p value of less than 0.05 was considered
significant for all results.

Patient characteristics are summarized in Table 1. The mean patient age was 66+11 years;
29% were women. The prevalence of persistent atrial fibrillation in this cohort was 68% or
119 patients. Sixty-three patients (35.4%) had a CHADS score > 2 and 117 patients
(65.7%) had a CHADS2-VASc =2. Thirty-seven patients (20.8%) had coronary artery
disease, 29.3% had greater than mild mitral valve regurgitation. The average LV ejection
fraction was 58% with 13 patients (7.6%) having an ejection fraction less than 40%.
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No significant difference in atrial fibrosis was observed between patients with a CHADS, of
0or 1 (17.8£11.5%) and patients with a CHADS, of 2 or more (17.1£11.9%; p=0.69). Atrial
fibrosis was higher in the CHADS2-VASc =2 group (18.6+11.8%) compared to CHADS2-
VASc <2 (15.0+9.8%; p=0.04).

Atrial fibrillation was the presenting rhythm at the time of TEE evaluation in 123 patients
(69%). Another indication for referral for TEE was the absence of properly documented
therapeutic INRs for at least 3 consecutive weeks leading up to cardioversion or ablation. A
therapeutic INR in the 2.0-3.0 range was present in 111 patients (62.4%) on the day of TEE.

LA fibrosis and TEE findings

LAA thrombus was identified in 12 patients (6.7%) while left atrial SEC was observed in 19
patients (10.7%). Figure 2 shows examples of patients with normal LA appendage, LAA
SEC and LAA thrombus with their corresponding left atrial images demonstrating atrial
fibrosis.

Patients with LAA thrombus had significantly higher atrial fibrosis compared to patients
without LAA thrombus (26.9+16.6 vs 16.8+10.5; p<0.01). A nonsignificant trend for a
higher average CHADS, score was found between patients with and without LAA thrombus
(1.2+1.1 vs 1.7£0.9; p=0.07). No such trend was noted for the CHA,DS»-VASc score
(2.5+1 for thrombus patients vs 2.05+1.34 for no thrombus; p=0.26). Patients with a
CHADS; score =2 were more likely to have a LAA thrombus (8 of 59; 13.6%) compared to
patients with a CHADS, score <2 (4 of 116; 3.5%; p=0.02). For the CHA,DS,-VASC score,
10 of 113 patients with a CHA,DS,-VASc =2 had evidence of thrombus (8.9%) compared
to 2 of 61 patients with a CHA,DS,-VASc <2 (3.3%; p=0.17).

For LA spontaneous echo contrast, a higher degree of tissue fibrosis was found in patients
with SEC (23.3+13.7%) compared to patients without SEC (16.7+£10.8%; p=0.01). No
significant difference in the CHADS, score was appreciated between the SEC groups
(1.2+1.1 vs 1.540.9; p=0.21) but a higher average CHA,DS»-VASc score in the SEC group
(2.72£1.07) compared to the no-SEC group (2.01+1.34; p=0.03).

The average INR over 3 weeks preceding the TEE was not significantly lower between
patients who did have a thrombus (1.9+0.7) and patients who did not (2.2+0.8; p=0.21). A
similar observation was made for patients with LA SEC (average INR 2.1+0.7) and patients
without LA SEC (average INR 2.2+0.8; p=0.53).

Predictors of abnormal TEE findings

In univariate analysis, fibrosis >20% and CHADS, score >2 were associated with a
statistically significant increase in risk of LAA thrombus (Odds ratios of 3.4 for fibrosis
>20%; p<0.01 and Odds ratio of 3.5 for a CHADS, score =2; p<0.01) and LA spontaneous
echo contrast (odds ratio of 2.5 for fibrosis >20%; p<0.01 and odds ratio of 2.6 for CHADS,
score =2; p<0.05). CHA,DS,-VASc and persistent AF showed a nonsignificant trend
towards increased risk of LAA thrombus and SEC. A therapeutic INR at the time of TEE
showed a trend towards reduced risk of TEE abnormalities; however, this did not reach
statistical significance (Table 2).

J Cardiovasc Electrophysiol. Author manuscript; available in PMC 2014 October 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Akoum et al.

Page 6

We performed multivariate logistic regression to identify predictors of abnormal TEE
findings (LAA thrombus or spontaneous echocardiographic contrast). Three variables were
included in the multivariate models including fibrosis >20%, CHADS, score =2, and
persistent AF for the first model and fibrosis >20%, CHA,DS,-VASc score =2, and
persistent AF for the second model. A fibrosis >20% was a significant predictor of TEE
abnormalities in both models. The results of the multivariate regression are shown in table 3.
A receiver operating characteristics (ROC) analysis using this multivariate model showed an
area under the curve of 0.73 for both models. This is compared to an area under the curve of
0.63 for the CHADS; score alone and 0.65 for the CHA,DS,-VASc score alone.

Discussion

Our study evaluated the association of atrial fibrosis with the presence of left atrial
appendage thrombus and left atrial spontaneous echo contrast on transesophageal
examination in patients with atrial fibrillation. We demonstrated the presence of an
independent association between atrial tissue changes in AF and echocardiographic findings
linked to thromboembolism and stroke.

Our group has previously demonstrated, in a retrospective analysis, the association of atrial
fibrosis and clinical strokes.® We showed that AF patients with previous history of stroke
had a significantly more advanced degree of atrial tissue structural remodeling compared to
patients without a prior history of stroke, without verifying whether all strokes were embolic
or cardiac in origin. In the current study, we focused on the left atrial appendage as it is
considered the most common site of thrombus formation in the LAZ0,

Current risk assessment and treatment interventions to reduce cerebral thromboembolic
events in AF patients were derived from hard clinical events of TIA or stroke and oral
anticoagulation strategies address the long-term prevention of stroke or thrombo-embolism.
In the acute clinical setting, decisions on whether to perform direct current cardioversion,
initiate an antiarrhythmic drug or proceed with catheter ablation procedure are often
preceded by a TEE to exclude the presence of an appendage thrombus. When the CHADS?2
and CHADS2VASc are applied to the preclinical events, i.e., atrial thrombus formation, they
do not demonstrate a very good predictive accuracy. A study by Scherr and coworkers
demonstrated a CHADS, score =2 was associated with an Odds ratio of 5.7 for the presence
of LA appendage thrombus.1 Another study by Providencia and coworkers, both CHADS,
and CHADS,VASc demonstrated modest accuracy in predicting the presence of LA thrombi
in AF patients undergoing TEE evaluation. The area under the curve for CHADS; was 0.62
and that of the CHADS,-VASc was 0.63.12

In our study, the predictive accuracy of the CHADS, score for TEE abnormalities was also
found to be 0.63 and that of the CHA,DS»-VASc score was 0.65. When we evaluated atrial
fibrotic changes assessed around the time of TEE acquisition, we found it to be significantly
associated with the presence of TEE abnormalities, independent from the CHADS, and
CHA,DS,-VASc scores. Another parameter that is not included in the CHADS, score, the
AF phenotype (paroxysmal vs persistent), was examined and did not reach statistical
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significance. When atrial fibrosis was added to the prediction model for TEE abnormalities,
the area under the curve improved to 0.73.

While clinical factors encompassed in the CHADS, and the CHA,DS»-VASc scores have
been linked to stroke, the mechanism by which these individual factors contribute to
thrombus formation is not known. Atrial fibrosis appears to be an independent predictor of
thrombus formation and can potentially be mechanistically linked to that process.
Replacement of healthy atrial tissue with fibrotic tissue in AF can lead to reduced atrial
contractile function and blood stasis. In addition, atrial fibrosis may constitute tissue injury
that can also contribute to the thrombogenesis cascade. This is supported by the finding that
some AF patients have have thrombi outside the left atrial appendage.

Study Limitations

We included a group of patients at a relatively high thromboembolic risk with greater than
35.4% CHADS; score =2, and a high prevalence of persistent AF (66.9%), who commonly
presented for transesophageal echocardiography in atrial fibrillation (69% of patients). This
group, however, represents AF patients commonly referred for TEE evaluation prior to
catheter ablation according to current guidelines'3. None of our patients developed
subsequent clinical neurological events. This was likely due to heightened vigilance to
maintain therapeutic anticoagulation and possibly due to embolization to sites that are more
clinically silent than the cerebral circulation. The MRI acquisition was not focused on the
atrial appendage and therefore could not be used to reliably assess for thrombi or a
quantitative assessment of appendageal enhancement.

Conclusions

The risk of thromboembolism in AF patients not only depends on clinical comorbidities but
also on atrial structural changes including atrial tissue remodeling that may predispose to
thrombus formation. Future prospective studies are needed to validate the value of this
measure and incorporate it into risk assessment and interventions aimed at reducing this risk.
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Figure 1.
Example of MRI image processing is shown for a patient with a quantified fibrosis of

13.0%. The steps from MRI image acquisition to quantification of fibrosis are illustrated.
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Figure 2.
Sample transesophageal echocardiographic still frames representing patients with a normal

LA appendage, SEC and a LAA thrombus with their respective three-dimensional
reconstructions illustrating atrial fibrosis derived from LGE-MRI imaging.
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Table 1

Baseline Patient characteristics compared between high (=20%) and low (<20%) fibrosis groups

Overall LA fibrosis LA fibrosis P value
n=178 <20% = 20%
N=120 N=58
Age 66+11 65+11 67+11 0.22
Gender (%Female) 29 23% 41% 0.01
Persistent AF (%0) 68.0 66.9% 69.0% 0.79
HTN (%) 65.3 69.5% 56.9% 0.10
DM (%) 13.6 14.4% 12.1% 0.67
CAD (%) 20.6 20.7% 12.6% 0.19
CHF (%) 11.4 11.7% 10.3% 0.78
TIA/CVA (%) 5.6 2.5% 3.4% 0.73
LVEF(%) 58+10 58+11 58+10 0.98
Mitral valve regurgitation (>1+) 29.3 27.4% 33.3% 0.42
CHADS, 1.24+1.08 1.22+1.06 1.21+1.14 0.96
CHADS,>2 [n (%)] 63 (35.4%) | 43 (35.8%) 20 (34.5%) 0.85
CHA;DS,-VASc 2.08+1.33 1.98+1.35 2.28+1.26 0.17
CHA,DS,-VASC 22 [n (%)] 117 (65.7%) | 72 (60%) 45 (77.6%) 0.02
INR day of TEE 2.2+0.7 2.2+0.7 2.3x0.9 0.33
Average INR (3 weeks prior to TEE) 2.2+0.8 2.3+0.9 2.2+0.9 0.34
LA volume (ml) 116+43 113441 122+46 0.18
LA tissue fibrosis (%) 17.3+¥11.3 11.1+4.7 30.4%£9.5 <0.01
LA appendage thrombus [n (%0)] 12 (6.7%) 4 (3.3%) 8 (13.8%) <0.01
LA SEC [n (%)] 19 (10.7%) | 9/120 (7.5%) | 10/58 (17.2%) | 0.04
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