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ABSTRACT

Atrial fibrillation (AF) is the most common arrhythmia worldwide associated with significant morbidity and mortality and represents a significant health care
burden. Goals of AF treatment include prevention of cardioembolic stroke using anticoagulation and device therapy and restoration of sinus rhythm using antiar-
rhythmic drugs or catheter ablation techniques. A comprehensive assessment of cardiac chamber size and function is often started with echocardiography as a first
line diagnostic imaging strategy. Recently, innovations in advanced imaging using cardiac magnetic resonance (CMR) and cardiac computed tomography (CCT)
provide a detailed characterization of atrial anatomy and have been shown to accurately exclude thrombus and guide left atrial appendage (LAA) closure or catheter
ablation (CA) of atrial fibrillation. Compared to echocardiography, CCT offers an uncompromised spatial resolution and a fast dataset acquisition, with the dis-
advantages of the need of iodine contrast agent and radiation exposure. CMR, conversely, can rely on very high temporal resolution, the unique feature of tissue
characterization and the absence of radiation exposure. However, the main drawbacks of this diagnostic tool are long scan times and low availability. This review
will illustrate the vital role of multimodality cardiac imaging in the accurate identification of left atrial, pulmonary vein and LAA size and function, discuss advanced
imaging techniques to rule out thrombus and highlight novel CMR and CCT techniques to guide catheter ablation of AF and LAA occlusion.

1. Introduction A comprehensive assessment of the LA, pulmonary veins (PV) and

LAA structure and function is of unparalleled importance before pro-

Atrial fibrillation (AF) is the most common arrhythmia worldwide
and is epidemic.' AF is a strong, independent risk factor for cardi-
oembolic stroke® with a significant impact on morbidity, mortality and
health care costs.”® An important AF treatment goal is the prevention of
cardioembolic stroke using anticoagulation therapy. Additional goals
are sinus rhythm restoration and arrhythmia recurrence prevention
using antiarrhythmic drugs.*

Some patients present contraindications to anticoagulation
therapy.® In these cases, percutaneous left atrial appendage (LAA)
closure may represent a possible alternative therapy. Furthermore, in
order to reduce the recurrence of AF, catheter ablation (CA) is a valu-
able strategy.*

An accurate evaluation of left atrial (LA) size and function provides
essential information to the clinician for AF prognosis and treatment.
Furthermore, ruling out LA and LAA thrombus is crucial to safely per-
form electrical cardioversion of AF.

ceeding to invasive treatments like CA or LAA closure and in patient
follow-up after such therapies.

Transthoracic (TTE) and transesophageal (TEE) echocardiography
have a large role in the evaluation of patients with AF. However, car-
diac computed tomography (CCT) and cardiac magnetic resonance
(CMR) are gaining an important role in this field.

The aim of this review is to focus on the additional value of ad-
vanced cardiac imaging including CCT and CMR, in the assessment of
LA anatomy, in ruling out of LA thrombus and in guiding CA of AF and
LAA occlusion (see Table 1).

2. Left atrium size and function
Multimodality imaging is able to provide a complete evaluation of

LA anatomy and function in patients with AF including a thorough
assessment of PVs and LAA.

Abbreviations: AF, Atrial fibrillation; CA, Catheter ablation; CMR, Cardiac magnetic resonance; CCT, Cardiac computed tomography; DE, Delayed enhancement; DE-
MRYI, Delayed-enhancement MRI; ED, Effective dose; LAA, Left atrial appendage; MBIR, Model-based iterative reconstruction; PV, Pulmonary veins; TI, Inversion
time; TTE, Transthroracic echocardiography; TEE, Transesophageal echocardiography
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Fig. 1. A. TTE 4 Chamber Long Axis view showing LA area measurement (yellow line). B. 3D echocardiography measurement of LA volume. C. CMR SSFP cine Short
Axis Stack for LA volume measurement and left atrial CMR 3D volume rendering (D). E. CCT measurement of LA area (red line) F. CCT 3D volume rendering of LA. G.
Strain with speckle tracking method of a LA. CCT: cardiac computed tomography; CMR: cardiac magnetic resonance; TTE: transthoracic echocardiography; LA: left

atrium; SSFP: steady state free precession sequence.

especially before and after interventional procedures. CMR and CCT are
able to overcome the limitations of 2D imaging depicting the anatomy
of the LAA in its complexity and ruling out the presence of LAA
thrombus. Although not commonly performed in clinical practice, CMR
offers the possibility of measuring blood flow in the LAA using velocity
encoded techniques.?’

4. Rule out of thrombosis

TEE is considered the gold standard technique for ruling out LA and
LAA thrombus and is routinely used in clinical practice before electrical
cardioversion and ablation of AF*° (Fig. 2A).

The prevalence of atrial thrombus before cardioversion despite
different treatments with anticoagulants is about 7% and a TEE guided
approach may prevent the risk of embolic events.*'

However, TEE is a semi-invasive procedure and sometimes time-
consuming. In addition, compared to CMR and CCT 3D cross-sectional
techniques, TEE does not allow an accurate study of the pulmonary
veins and of the surrounding thoracic structures. Furthermore, TEE has
some absolute (esophageal pathology, active gastrointestinal bleeding)
and relative (coagulopathy, previous gastrointestinal bleeding) con-
traindications.****

CCT has been proposed as an alternative to TEE in excluding the
presence of LA and LAA thrombus. Even though CCT has high sensi-
tivity in detecting atrial thrombosis when validated against TEE, false
positive findings have been reported.>*

Pectinate muscles may be hard to differentiate from thrombi by CCT
and blood flow dynamics can contribute to non uniform opacification of
LAA blood pool, mimicking the presence of true filling defects. Indeed,
LAA filling defects can be due to thrombus or incomplete contrast
agents mixing with blood.

However, the use of double phase CCT acquisition with the analysis
of late-phase images improves the specificity of the scan in distin-
guishing sluggish flow from thrombus.>®> According to the results of a
meta-analysis encompassing 19 studies for a total of 2955 patients with
AF in which CCT diagnostic accuracy was compared to TEE, the use of
delayed imaging raised the positive predictive value of standard CCT

342

scanning from 41% to 92%.%°

Furthermore, the use of ECG gated acquisitions and heart rate
control by beta-blocker administration improves the diagnostic accu-
racy of this technique.®” In many institutions, in order to rule out LA
and LAA thrombus, after obtaining an adequate heart rate control by
betablocker administration (preferably HR < 65 bpm), the patient
receives an injection of 70 mL of iodinated contrast at 5ml/s followed
by 50 ml normal saline at 5 ml/s using a bolus tracking technique with a
region of interest in the descending aorta. Delayed imaging is acquired
15-30 s after the first pass acquisition (Fig. 2B and C).

In a recent study, Mosle et al. analyzed the safety and cost-effec-
tiveness of a CCT-only strategy to rule out thrombus concluding that
this approach improves electrophysiology laboratory efficiency, redu-
cing lab utilization time to exclude LAA thrombosis by TEE, without
influencing peri-procedural cost or post-procedural stroke risk.*®

Although the excellent results of this technique in ruling out LAA
thrombus, the use of additional late-phase images is associated with an
increase in radiation exposure. An additional drawback in the use of
CCT in this setting is the mandatory use of contrast agents. Due to these
limitations, the use of this diagnostic tool should be reserved to patients
with contraindications to TEE or those undergoing an interventional
procedure such as AF ablation or LAA closure in which CCT is already
performed to accurately depict the anatomy.

The issue of radiation dose related to double acquisition to rule out
LAA thrombus may be solved by dual energy computed tomography, a
relatively recent result of the rapid advancement in scanner technology.
This technology is based on acquiring images at different energy levels
enabling the discrimination of different materials on the basis of their
attenuation profiles. This approach helps differentiate thrombus from
slow flow with a single acquisition.>®*°

Even though CMR is a well-established technique for ruling out
left ventricular thrombus, its use for LAA thrombus detection is less
common and few studies have been published on this field. However,
as in the case of CCT, CMR can be a favorable diagnostic technique
for the detection and assessment of LA and LAA thrombus, with the
advantage of avoiding ionizing radiation and iodinated contrast
agents.*’ Kitkungvan et al. studied the diagnostic performance of
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Fig. 2. A. TEE showing LAA thrombus (arrow) B, C.
Early and delayed post contrast CCT imaging
showing LAA thrombus (arrow). D and E. early (C)
and late (D) post contrast TIW CMR images showing
LAA thrombus (arrow). CCT: cardiac magnetic re-
sonance; CMR: cardiac magnetic resonance; LA: left
atrium; LAA: left atrial appendage; TEE: transeso-
phageal echocardiography.

Healthy tissue Fibrotic

Fig. 3. A. CCT 3D volume rendering of left atrial volume. B. 3D electroanatomical mapping of left atrium. C. 3D CCT volume and 3D electroanatomical mapping
merge. D. Left atrial 3D color model of segmented delayed enhancement CMR scan for left atrial fibrosis. E. 3D electroanatomical mapping F. Left atrial 3D color
model of segmented delayed enhancement CMR scan for left atrial fibrosis and 3D electroanatomical mapping merge. CCT: cardiac computed tomography; CMR:

cardiac magnetic resonance.

CMR for ruling out LAA thrombus in 261 patients who underwent
CMR using TEE as reference standard. The results were promising,
and they proposed this technique as a single complete diagnostic
study for assessment of pulmonary venous anatomy as well as pre-
sence of LA/LAA thrombi. According to the authors, equilibrium
phase delayed enhancement (DE) CMR with a long inversion time
(TD of 600 ms (long TI DE-CMR) had a diagnostic accuracy of 99.2%,
sensitivity of 100%, and specificity of 99.2% for thrombus detec-
tion*? (Fig. 2D and E).

343

5. Left atrium ablation

Catheter Ablation (CA) is well-established interventional therapy for
restoring and maintaining sinus rhythm in patients with AF. Pulmonary
vein isolation, either by radiofrequency or cryoablation is the most
common ablation technique.” Pulmonary vein isolation is oftentimes
sufficient in patients with paroxysmal AF but is often insufficient in
patients with persistent and long-standing forms of the arrhythmia. In
these more complex patients, different targets in addition to the
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pulmonary veins must be identified. These targets usually cluster in
specific regions such as the left atrial posterior wall, other thoracic
veins (superior vena cava, coronary sinus, vein of Marshall), crista
terminalis, interatrial septum and the LAA.**

As a result, detailed characterization not only of the pulmonary
veins but also the entire LA and its surrounding structures are important
to guide the ablation of AF.

3D electro-anatomical mapping systems such as CARTO (Biosense,
Diamond Bar, CA, USA) and EnSite NavX (St. Jude Medical, St Paul,
MN, USA) provide a 3D anatomical map of the LA and precisely identify
the position of the catheter's tip during the procedure (Fig. 3B and E).
The CARTO system is a non-fluoroscopic system that uses magnetic
technology to determine the catheter location in 3D. The NavX system
technology uses an electrical field generated between external patches
placed along 3 orthogonal axes on the patient.**

3D-electroanatomical mapping facilitates radiofrequency ablation,
increases its efficacy and reduces the use of fluoroscopy and radiation
dose.** The role of 3D mapping using cryoablation remains unclear.*”

The integration of 3D cardiac images into electro-anatomical maps
represents a major step forward for the development of ablation pro-
cedures designed specific to patient anatomy with more effective
therapeutic lesions and an increased safety profile.

For this reason, pre-procedural CCT or CMR imaging has been in-
creasingly used to guide ablation of AF. This process consists of four
steps: 1) CCT or CMR scans are performed and datasets are imported in
a dedicated workstation to be segmented; 2) the LA is electro-anato-
mically reconstructed during the procedure; 3) a merge phase in which
the two maps of LA are superimposed by landmarks or surface regis-
tration to produce a hybrid map; 4) the catheter is navigated into a
merged electro-anatomic map.*®

The image-integration CCT-guided catheter ablation of AF has been
shown to be superior to conventional electrophysiological guided ab-
lation with significantly lower recurrence rates of the arrhythmia®’
(Fig. 3A,C).

Moreover, CCT may provide additional information on coronary
artery calcification and plaque to diagnose concomitant coronary artery
disease. In addition, as CCT is a 3D technique that visualizes thoracic
structures that surround the heart, it is able to detect clinically sig-
nificant collateral findings before the ablation procedure. Perna et al.
showed that collateral findings can be detected in up to one-third of
patients referred to CCT before CA, allowing the diagnosis and treat-
ment of a potentially life-threatening condition in 1.7% of in-
dividuals.*®

As previously mentioned, radiation exposure from CCT is an im-
portant drawback of this modality, and the use of iodinated contrast
agents is required. However, continuous technological progress has
significantly reduced the patient's radiation exposure. Increased image
noise from dose reduction strategies can be reduced by multiple re-
construction techniques offered across all vendor platforms with ability
to reconstruct the image at varying level of strength of iterative re-
construction (for example: Image space and sinogram affirmed iterative
reconstruction — Siemens Healthcare, Erlangen, Germany; Adaptive
iterative dose reduction — Toshiba Medical Systems, Otawara, Japan;
iDose4 — Philips Healthcare, Cleveland, OH; Adaptive statistical and
model based iterative reconstruction techniques — GE Healthcare,
Waukesha)®!

For instance, CCT with MBIR (model-based iterative reconstruction -
VEO, GE Healthcare, Milwaukee, WI -) allows accurate reconstruction
of LA anatomy in AF patients undergoing CA with a sub-millisievert
effective dose (ED) and comparable success rate of CA as compared to a
standard CCT scan protocol.>*>*

CMR integration with electro-anatomical mapping for AF can be
performed with time-resolved contrast-enhanced angiography se-
quences with low dose of gadolinium or without any contrast by using
3D SSFP in cases of severe renal impairment. Pontone et al. compared
CCT versus CMR for characterization of LA anatomy before
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radiofrequency CA and demonstrated similar freedom from AF with
higher radiation exposure in patients undergoing CCT rather than
CMR.*®

Furthermore, the most important asset of CMR over CCT is its ability
to perform tissue characterization. There is a strong association be-
tween AF and atrial tissue fibrosis. Indeed, atrial fibrosis is essential to
perpetuate atrial arrhythmias and leads to increased AF burden.>* Re-
cently, novel DE-MRI (Delayed-Enhancement MRI) sequences have
been developed demonstrating both the presence and extent of atrial
fibrosis in patients suffering from AF'” (Fig. 3D). In the DECAFF (DE-
MRI Determinant of Successful Radiofrequency Catheter Ablation of
Atrial Fibrillation) multi-center observational study, the extent of LA
fibrotic tissue was found to be independently associated with likelihood
of recurrent arrhythmia. Specifically, patients were divided, based on
the degree of detected fibrosis into 4 stages: stage 1, less than 10% of
the atrial wall; stage 2, 10% or greater but less than 20%; stage 3, 20%
or greater but less than 30%; and stage 4, 30% or greater. Recurrence of
arrhythmia was 69.4% in patients with stage 4 vs 15.3% in patients
with stage 1.'%

Currently, a multicenter trial is ongoing, the DECAFF 2 Study, with
the endpoints of assessing efficacy, safety and procedural outcomes of
DE-MRI-guided atrial fibrosis ablation (Fig. 3 F).

Although CMR plays an important role in LA and PV imaging before
AF ablation, several reasons such as limited availability of scanners,
claustrophobic patients or presence of CMR unsafe devices may limit its
use in favor of CCT.

6. Left atrial appendage occlusion

LAA occlusion using percutaneous devices may be considered for
stroke prevention in patients with AF and contraindications for long
term anticoagulant treatment.”

An accurate description of the LAA morphology and precise sizing of
LAA diameters is of paramount importance before device deployment.

Oversizing of the device could lead to LAA rupture and cardiac
tamponade while undersizing is related to incomplete LAA occlusion
with residual peri-device blood flow and to possible device migration,
dislodgement or embolization.””

TEE and angiography are the main techniques currently used for
evaluating LAA dimensions before LAA occluder implantation and TEE
is routinely used for procedural monitoring and follow up after occluder
positioning.>® However, TEE and angiographic measurements suffer
from the inherent limititation of being bi-dimensional techniques and a
tendency towards underestimation of LAA diameters with these tech-
niques has been observed.”’-*® 3D TEE has partly overcome these
drawbacks.>®

CCT provides high resolution 3D datasets and is a useful tool to
precisely characterize the anatomy of the LAA, size of the occluder
device and exclude the presence of thrombus before the LAA occlusion
procedure. In addition, CCT is able to identify device malapposition,
peri-device leaks and device-related thrombus at follow up.

LAA shape, depth, number and positioning of lobes are accurately
depicted by CCT (Fig. 4A and B,C). Cross sectional orthogonal CT views
for diameter measurements of the LAA ostium (diameter at the level of
the left circumflex) and landing zone (diameter of the LAA 1-1.5cm
distal to the ostium) are obtained using multi plane reconstruction
images.®° In follow up, CCT has higher sensitivity than TEE in identi-
fying peri-device leaks (Fig. 4D), especially during the venous phase,
and is able to identify device-related thromboses.®'-%*

The use of CT-derived 3D printing LAA models may increase the
accuracy of CCT in sizing the LAA occluders as illustrated by a report
from Obama et al. In a series of 24 patients, the authors observed 100%
accuracy in prediction of device size, quick and intuitive identification
of the landing zone and significant reduction in procedure time and
peri-device leak using pre-procedural CT based 3D printing.®*

CMR can provide a detailed LAA evaluation.®® However, there are



M. Guglielmo, et al.

e SEZsp

HHESSIESEM

Rendering

Journal of Cardiovascular Computed Tomography 13 (2019) 340-346

Fig. 4. A and B. CCT measurements of LAA depth (A) and ostium diameters (B) C. CCT 3D volume rendering of LAA. D. Delayed CCT post contrast images showing
residual leak in a patient who underwent LAA closure (white arrow). CCT: cardiac computed tomography; LAA: left atrial appendage.

no available studies evaluating its role in LAA appendage closure; this is
probably a consequence of higher spatial resolution, speed of scanning
and widespread availability of CT.

7. Conclusions

Although echocardiography remains the first-line imaging modality
for patients with AF, advanced cardiac imaging represents a valuable
tool, especially when an interventional strategy is pursued. CCT and
CMR are able to accurately depict the anatomy of LA, pulmonary veins
and LAA, including ruling out thrombus, and can be utilized for guiding
invasive procedures. The choice between the two modalities relies on
the specific procedure, costs, availability and patient specific char-
acteristics.

Conflicts of interest

No relationship with industry and financial associations within the
past 2 years that poses a conflict of interest in connection with the
submitted article exists.

References

1. Chugh SS, Havmoeller R, Narayanan K, et al. Worldwide epidemiology of atrial fi-
brillation: a global burden of disease 2010 study. Circulation. 2014 Feb
25;129:837-847.

2. Wolf PA, Abbott RD, Kannel WB. Atrial fibrillation as an independent risk factor for
stroke: the Framingham Study. Stroke. 1991 Aug;22:983-988.

3. LiX, Tse VC, Au-Doung LW, Wong ICK, Chan EW1. The impact of ischaemic stroke on
atrial fibrillation-related healthcare cost: a systematic review Europace. 2017 Jun

10.

11.

12.

13.

14.

1;19:937-947.

. Kirchhof P, Benussi S, Kotecha D, et al. 2016 ESC Guidelines for the management of

atrial fibrillation developed in collaboration with EACTS. Eur Heart J. 2016 Oct
37;38:2893-2962.

. Steinberg BA, Greiner MA, Hammill BG, et al. Contraindications to anticoagulation

therapy and eligibility for novel anticoagulants in older patients with atrial fibrilla-
tion. Cardiovasc Ther. 2015 Aug;33:177-183.

. M1 Osranek, Bursi F, Bailey KR, et al. Seward JB Left atrial volume predicts cardi-

ovascular events in patients originally diagnosed with lone atrial fibrillation: three-
decade follow-up. Eur Heart J. 2005 Dec;26:2556-2561.

. Lang RM, Badano LP, Mor-Avi V, et al. Voigt JU recommendations for cardiac

chamber quantification by echocardiography in adults: an update from the American
society of echocardiography and the european association of cardiovascular imaging.
Eur Heart J Cccardiovasc Imaging. 2015 Mar;16(3):233-270.

. Lang RM1, Badano LP, Tsang W, et al. European Association of Echocardiography

EAE/ASE recommendations for image acquisition and display using three-dimen-
sional echocardiography. J Am Soc Echocardiogr. 2012 Jan;25:3-46.

. Abhayaratna WP, Seward JB, Appleton CP, et al. Left atrial size: physiologic de-

terminants and clinical applications. J Am Coll Cardiol. 2006 Jun 20;47:2357-2363.
Rabbat MG, Wilber D, Thomas K, et al. Left atrial volume assessment in atrial fi-
brillation using multimodality imaging: a comparison of echocardiography, invasive
three-dimensional CARTO and cardiac magnetic resonance imaging. Int J Cardiovasc
Imaging. 2015 Jun;3:1011-1018.

Mor-Avi V1, Yodwut C, Jenkins C, et al. Real-time 3D echocardiographic quantifi-
cation of left atrial volume: multicenter study for validation with CMR JACC
Cardiovasc Imaging. 2012 Aug;5(8):769-777.

Miyasaka Y, Tsujimoto S, Maeba H, et al. Left atrial volume by real-time three-di-
mensional echocardiography: validation by 64-slice multidetector computed tomo-
graphy. J Am Soc Echocardiogr. 2011 Jun;24:680-686.

Aquaro GD, Di Bella G, Castelletti S, et al. Clinical recommendations of cardiac
magnetic resonance, Part I: ischemic and valvular heart disease: a position paper of
the working group. Applicazioni della Risonanza Magnetica' Ital Soc Cardiol J
Cardiovasc Med (Hagerstown). 2017 Apr;18:197-208.

Pontone G, Di Bella G, Silvia C, et al. Clinical recommendations of cardiac magnetic
resonance, Part II: inflammatory and congenital heart disease, cardiomyopathies and
cardiac tumors: a position paper of the working group 'Applicazioni della Risonanza
Magnetica' of the Italian Society of Cardiology. J Cardiovasc Med. 2017


http://refhub.elsevier.com/S1934-5925(18)30506-9/sref1
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref1
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref1
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref2
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref2
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref3
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref3
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref3
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref4
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref4
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref4
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref5
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref5
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref5
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref6
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref6
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref6
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref7
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref7
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref7
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref7
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref8
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref8
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref8
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref9
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref9
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref10
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref10
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref10
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref10
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref11
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref11
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref11
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref12
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref12
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref12
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref13
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref13
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref13
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref13
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref14
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref14
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref14
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref14

M. Guglielmo, et al.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Apr;18(4):209-222.

Aquaro GD, Camastra G, Monti L, et al. Working group “Applicazioni della Risonanza
Magnetica” of the Italian Society of Cardiology. Reference values of cardiac volumes,
dimensions, and new functional parameters by MR: a multicenter, multivendor
study. J Magn Reson Imaging. 2017 Apr;45(4):1055-1067.

Maceira AM1, Cosin-Sales J, Roughton M, Prasad SK, Pennell DJ. Reference left atrial
dimensions and volumes by steady state free precession cardiovascular magnetic
resonance. J Cardiovasc Magn Reson. 2010 Nov 11;12:65.

Oakes RS, Badger TJ, Kholmovski EG, et al. Marrouche NF Detection and quantifi-
cation of left atrial structural remodeling with delayed-enhancement magnetic re-
sonance imaging in patients with atrial fibrillation Circulation. 2009 Apr
7;119:1758-1767.

Marrouche NF, Wilber D, Hindricks G, et al. Association of atrial tissue fibrosis
identified by delayed enhancement MRI and atrial fibrillation catheter ablation: the
DECAAF study. J Am Med Assoc. 2014 Feb 5;311:498-506.

Yamanaka K1, Fujita M, Doi K, et al. Multislice computed tomography accurately
quantifies left atrial size and function after the MAZE procedure Circulation. 2006
Jul 4;114:15-19.

Blume GG, Mcleod CJ, Barnes ME, et al. Left atrial function: physiology, assessment,
and clinical implications blume GG1, mcleod CJ, barnes ME, seward JB, pellikka PA,
bastiansen PM, tsang TS. Eur J Echocardiogr. 2011 Jun;12:421-430.

Hudsmith LE, Cheng AS, Tyler DJ, et al. Assessment of left atrial volumes at 1.5 Tesla
and 3 Tesla using FLASH and SSFP cine imaging. J Cardiovasc Magn Reson.
2007;9:673-679.

To AC, Flamm SD, Marwick TH, Klein AL. Clinical utility of multimodality LA ima-
ging: assessment of size, function, and structure JACC Cardiovasc Imaging. 2011
Jul;4:788-798.

Donal E, Lip GY, Galderisi M, et al. EACVI/EHRA Expert Consensus Document on the
role of multi-modality imaging for the evaluation of patients with atrial fibrillation.
Eur Heart J Cardiovasc Imaging. 2016 Apr;17:355-383.

Inoue YY, Alissa A, Khurram IM, et al. Quantitative tissue-tracking cardiac magnetic
resonance (CMR) of left atrial deformation and the risk of stroke in patients with
atrial fibrillation. J Am Heart Assoc. 2015 Apr 27;4(4).

Zareian M, Ciuffo L, Habibi M, et al. Left atrial structure and functional quantitation
using cardiovascular magnetic resonance and multimodality tissue tracking: valida-
tion and reproducibility assessment. J Cardiovasc Magn Reson. 2015 Jul 1;17:52.
Hassani C, Saremi F. Comprehensive cross-sectional imaging of the pulmonary veins
radiographics. 2017 Nov-Dec;37:1928-1954.

Jongbloed MR, Dirksen MS, Bax JJ, et al. Atrial fibrillation: multi-detector row CT of
pulmonary vein anatomy prior to radiofrequency catheter ablation-initial experience
Radiology. 2005 Mar;234:702-709.

Flachskampf FA1, Badano L, Daniel WG, et al. European association of echocardio-
graphy; echo committee of the european association of cardiothoracic anaes-
thesiologists, roelandt JR, piérard L recommendations for transoesophageal echo-
cardiography: update 2010. Eur J Echocardiogr. 2010 Aug;11:557-576.

Beigel R, Wunderlich NC, Ho SY, Arsanjani R, Siegel RJ. The left atrial appendage:
anatomy, function, and noninvasive evaluation. JACC Cardiovasc Imaging. 2014
Dec;7:1251-1265.

Pepi M, Evangelista A, Nihoyannopoulos P, Flachskampf FA, Athanassopoulos G,
Colonna P, Habib G, Ringelstein EB, Sicari R, Zamorano JL, Sitges M, Caso P.
European Association of Echocardiography. Recommendations for echocardiography
use in the diagnosis and management of cardiac sources of embolism: european
Association of Echocardiography. Eur J Echocardiogr. 2010 Jul;11 461-76, 24.
Maltagliati A, Galli CA, Tamborini G, et al. Usefulness of transoesophageal echo-
cardiography before cardioversion in patients with atrial fibrillation and different
anticoagulant regimens Heart. 2006 Jul;92:933-938.

Tops LF, van der Wall EE, Schalij MJ, Bax JJ. Multi-modality imaging to assess left
atrial size, anatomy and function Heart. 2007 Nov;93:1461-1470.

Romero J, Cao JJ, Garcia MJ, Taub CC. Cardiac imaging for assessment of left atrial
appendage stasis and thrombosis. Nat Rev Cardiol. 2014 Aug;11:470-480.
Maltagliati A, Pontone G, Annoni A, et al. Multidetector computed tomography vs
multiplane transesophageal echocardiography in detecting atrial thrombi in patients
candidate to radiofrequency ablation of atrial fibrillation. Int J Cardiol. 2011 Oct
20;152:251-254.

Hur J, Kim YJ, Lee HJ, et al. Left atrial appendage thrombi in stroke patients: de-
tection with two-phase cardiac CT angiography versus transesophageal echocardio-
graphy Radiology. 2009 Jun;251:683-690.

Romero J1, Husain SA, Kelesidis I, Sanz J, Medina HM, Garcia MJ. Detection of left
atrial appendage thrombus by cardiac computed tomography in patients with atrial
fibrillation: a meta-analysis. Circ Cardiovasc Imaging. 2013 Mar 1;6:185-194.

Zou H1, Zhang Y1, Tong J2, Liu Z1. Multidetector computed tomography for de-
tecting left atrial/left atrial appendage thrombus: a meta-analysis. Intern Med J. 2015
Oct;45:1044-1053.

Mosleh W, Sheikh A, Said Z, et al. The use of cardiac-CT alone to exclude left atrial
thrombus before atrial fibrillation ablation: efficiency, safety, and cost analysis.
Pacing Clin Electrophysiol. 2018 Apr 17 https://doi.org/10.1111/pace.13353 [Epub
ahead of print] PMID: 29667208.

Hur J, Kim YJ, Lee HJ, et al. Cardioembolic stroke: dual-energy cardiac CT for dif-
ferentiation of left atrial appendage thrombus and circulatory stasis Radiology. 2012
Jun;263:688-695.

346

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Journal of Cardiovascular Computed Tomography 13 (2019) 340-346

Kapa S, Martinez MW, Williamson EE, et al. ECG-gated dual-source CT for detection
of left atrial appendage thrombus in patients undergoing catheter ablation for atrial
fibrillation. J Interv Card Electrophysiol. 2010 Nov;29:75-81.

Chen J, Zhang H, Zhu D, Wang Y, Byanju S, Liao M. Cardiac MRI for detecting left
atrial/left atrial appendage thrombus in patients with atrial fibrillation : meta-ana-
lysis and systematic review. Herz. 2018 Jan 26. https://doi.org/10.1007/s00059-
017-4676-9.

Kitkungvan D, Nabi F, Ghosn MG, et al. Detection of LA and LAA thrombus by CMR
in patients referred for pulmonary vein isolation JACC cardiovasc imaging. 2016
Jul;9:809-818.

Gianni C, Mohanty S, Trivedi C, Di Biase L. Natale A Novel concepts and approaches
in ablation of atrial fibrillation: the role of non-pulmonary vein triggers Europace.
https://doi.org/10.1093/europace/euy034; 2018 Apr 25.

Njeim M, Desjardins B, Bogun F. Multimodality imaging for guiding EP ablation
procedures. JACC Cardiovasc Imaging. 2016 Jul;9:873-886.

Estner HL, Deisenhofer I, Luik A, et al. Electrical isolation of pulmonary veins in
patients with atrial fibrillation: reduction of fluoroscopy exposure and procedure
duration by the use of a non-fluoroscopic navigation system (NavX) Europace. 2006
Aug;8:583-587.

Khaykin Y, Zarnett L, Friedlander D, et al. Point-by-point pulmonary vein antrum
isolation guided by intracardiac echocardiography and 3Dmapping and duty-cycled
multipolar AF ablation: effect of multipolar ablation on procedure duration and
fluoroscopy time. J Interv Card Electrophysiol. 2012 Sep;34:303-310.

Guhl EN, Adelstein E, Voigt A, Wang NC, Saba S, Jain SK. Impact of 3D mapping on
procedural characteristics and outcomes in cryoballoon pulmonaryvein isolation for
atrial fibrillation. J Interv Card Electrophysiol. 2018 Jan;51:71-75.

Pontone G, Andreini D, Bertella E, Petulla M, Russo E, Innocenti E, Mushtaq S,
Gripari P, Loguercio M, Segurini C, Baggiano A, Conte E, Beltrama V, Annoni A,
Formenti A, Guaricci Al, Casella M, Fassini G, Giovannardi M, Veglia F, Tondo C,
Pepi M. Comparison of cardiac computed tomography versus cardiac magnetic re-
sonance for characterization of left atrium anatomy before radiofrequency catheter
ablation of atrial fibrillation. Int J Cardiol. 2015 Jan 20;179:114-121.

Della Bella P, Fassini G, Cireddu M, et al. Image integration-guided catheter ablation
of atrial fibrillation: a prospective randomized study. J Cardiovasc Electrophysiol
2009 Mar;20:258-265.

Perna F, Casella M, Narducci ML, Dello Russo A, Bencardino G, Pontone G,
Pelargonio G, Andreini D, Vitulano N, Pizzamiglio F, Conte E, Crea F. Tondo C
Collateral findings during computed tomography scan for atrial fibrillation ablation:
let's take a look around World. J Cardiol. 2016 Apr 26;8:310-316.

Hedgire S, Ghoshhajra B, Kalra M. Dose optimization in cardiac CT. Phys Med. 2017
Sep;41:97-103.

Annoni AD, Andreini D, Pontone G, et al. Ultra-low-dose CT for left atrium and
pulmonary veins imaging using new model-based iterative reconstruction algorithm.
Eur Heart J Cardiovasc Imaging. 2015 Dec;16:1366-1373.

Pontone G, Andreini D, Petulla M, et al. Left atrium and pulmonary vein imaging
using sub-millisiviert cardiac computed tomography: impact on radiofrequency ca-
theter ablation cumulative radiation exposure and outcome in atrial fibrillation pa-
tients. Int J Cardiol. 2017 Feb 1;228:805-811.

Everett 4th TH, Olgin JE. Atrial fibrosis and the mechanisms of atrial fibrillation.
Heart Rhythm. 2007 Mar;4:524-S27.

Perrotta L, Bordignon S, Dugo D, et al. Complications from left atrial appendage
exclusion devices. J Atr Fibrillation. 2014 Jun 30;7:1034.

Flachskampf FA, Wouters PF, Edvardsen T, et al. European association of cardio-
vascular imaging document reviewers: erwan donal and fausto rigo recommenda-
tions for transoesophageal echocardiography: EACVI update 2014. Eur Heart J
Cardiovasc Imaging. 2014 Apr;15:353-365.

Lopez-Minguez JR, Gonzalez-Fernandez R, Fernandez-Vegas C, et al. Comparison of
imaging techniques to assess appendage anatomy and measurements for left atrial
appendage closure device selection. J Invasive Cardiol. 2014 Sep;26:462-467.
Clemente A, Avogliero F, Berti S, et al. Multimodality imaging in preoperative as-
sessment of left atrial appendage transcatheter occlusion with the Amplatzer Cardiac
Plug. Eur Heart J Cardiovasc Imaging. 2015 Nov;16:1276-1287.

Bai W, Chen Z, Tang H, Wang H, ChengW Rao L. Assessment of the left atrial ap-
pendage structure and morphology: comparison of real-time three-dimensional
transesophageal echocardiography and computed tomography. Int J Cardiovasc
Imaging. 2017 May;33:623-633.

Saw J, Bennell MC, Singh SM, Wijeysundera HC. Cost-effectiveness of left atrial
appendage closure for stroke prevention in atrial fibrillation patients with contra-
indications to anticoagulation. Can J Cardiol. 2016 Nov;32:1355.

Cochet H, Iriart X, Sridi S, et al. Left atrial appendage patency and device-related
thrombus after percutaneous left atrial appendage occlusion: a computed tomo-
graphy study. Eur Heart J Cardiovasc Imaging. 2018 Feb 2https://doi.org/10.1093/
ehjci/jey010.

Obasare E, Mainigi SK, Morris DL, et al. CT based 3D printing is superior to trans-
esophageal echocardiography for pre-procedure planning in left atrial appendage
device closure. Int J Cardiovasc Imaging. 2018 May;34:821-831.

Heist EK, Refaat M, Danik SB, Holmvang G, Ruskin JN, Mansour M. Analysis of the
left atrial appendage by magnetic resonance angiography in patients with atrial fi-
brillation Heart Rhythm. 2006 Nov;3:1313-1318.


http://refhub.elsevier.com/S1934-5925(18)30506-9/sref14
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref15
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref15
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref15
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref15
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref16
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref16
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref16
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref17
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref17
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref17
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref17
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref18
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref18
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref18
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref19
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref19
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref19
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref20
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref20
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref20
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref21
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref21
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref21
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref22
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref22
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref22
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref23
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref23
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref23
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref24
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref24
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref24
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref25
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref25
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref25
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref26
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref26
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref27
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref27
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref27
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref28
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref28
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref28
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref28
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref29
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref29
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref29
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref30
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref30
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref30
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref30
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref30
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref31
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref31
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref31
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref32
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref32
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref33
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref33
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref34
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref34
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref34
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref34
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref35
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref35
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref35
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref36
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref36
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref36
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref37
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref37
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref37
https://doi.org/10.1111/pace.13353
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref39
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref39
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref39
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref40
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref40
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref40
https://doi.org/10.1007/s00059-017-4676-9
https://doi.org/10.1007/s00059-017-4676-9
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref42
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref42
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref42
https://doi.org/10.1093/europace/euy034
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref44
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref44
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref45
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref45
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref45
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref45
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref46
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref46
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref46
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref46
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref47
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref47
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref47
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref48
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref48
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref48
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref48
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref48
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref48
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref49
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref49
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref49
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref50
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref50
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref50
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref50
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref51
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref51
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref52
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref52
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref52
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref53
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref53
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref53
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref53
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref54
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref54
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref55
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref55
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref56
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref56
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref56
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref56
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref57
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref57
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref57
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref58
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref58
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref58
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref59
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref59
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref59
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref59
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref60
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref60
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref60
https://doi.org/10.1093/ehjci/jey010
https://doi.org/10.1093/ehjci/jey010
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref62
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref62
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref62
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref63
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref63
http://refhub.elsevier.com/S1934-5925(18)30506-9/sref63

	Multimodality imaging of left atrium in patients with atrial fibrillation
	Introduction
	Left atrium size and function
	Pulmonary veins and left atrial appendage
	Rule out of thrombosis
	Left atrium ablation
	Left atrial appendage occlusion
	Conclusions
	Conflicts of interest
	References




