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tomography angiography in the assessment of percutaneous left atrial appendage closure -Review and experts recommendations endorsed by the Société française d'imagerie cardiaque et vasculaire diagnostique et interventionnelle

 

Image analysis is divided into four steps that include analysis of the approach; search for a thrombus in the LAA; investigation of the anatomy of the LAA (morphology of the LAA, dimensions of the LAA and choice of device) and cardiac and thoracic assessments. Followup involves CT examination to check the position of the device and to detect any complications. On the basis of the results of currently available published research, a panel of experts has issued recommendations regarding cardiac CT angiography prior to percutaneous LAA closure device placement, which were further endorsed by the Société Française d'Imagerie Cardiaque et Vasculaire Diagnostique et Interventionnelle (SFICV). 

List of abbreviations

Introduction

Atrial fibrillation (AF) is the most common arrhythmia and represents a public health issue with a projected incidence of up to 215,000 persons per year in Europe by 2030 [START_REF] Zoni-Berisso | Epidemiology of atrial fibrillation: European perspective[END_REF]. AF is common among the elderly and affects 30% of people over the age of 60 years [START_REF] Chugh | Worldwide epidemiology of atrial fibrillation: a global burden of disease 2010 Study[END_REF]. AF is responsible for over 15% of ischemic strokes and 25% of strokes between the ages of 80 and 89 years [START_REF] Wang | A risk score for predicting stroke or death in individuals with new-onset atrial fibrillation in the community: the Framingham Heart Study[END_REF]. In 90% of strokes, they are secondary to the migration of a thrombus from the left atrial appendage (LAA) whose formation was promoted by nonvalvular AF [START_REF] Wolf | Atrial fibrillation as an independent risk factor for stroke: the Framingham Study[END_REF].

Oral anticoagulants are the most effective prophylactic treatment of LAA thrombus [START_REF] Hart | Meta-analysis: antithrombotic therapy to prevent stroke in patients who have nonvalvular atrial fibrillation[END_REF]; however they are generally underused due to the rigorous adherence required, their adverse effects and the narrowed therapeutic window [START_REF] Kirchhof | ESC Guidelines for the management of atrial fibrillation developed in collaboration with EACTS[END_REF]. Their administration is accompanied by a risk of hemorrhage and contraindications are common, especially in the elderly. Alternatives to oral anticoagulant therapy are surgical ligation of the LAA that significantly reduces the risk of stroke [START_REF] Blackshear | Appendage obliteration to reduce stroke in cardiac surgical patients with atrial fibrillation[END_REF], radiofrequency ablation of AF or, more recently, LAA percutaneous occlusion whose first implantation in humans was reported in 2001 [START_REF] Sievert | Percutaneous left atrial appendage transcatheter occlusion to prevent stroke in high-risk patients with atrial fibrillation: early clinical experience[END_REF][START_REF] Pacha | Percutaneous devices for left atrial appendage occlusion: A contemporary review[END_REF]. Two randomized trials have demonstrated the efficacy and safety of percutaneous LAA closure devices (LAAC) [START_REF] Reddy | 5-year outcomes after left atrial appendage closure: from the PREVAIL and PROTECT AF trials[END_REF][START_REF] Reddy | Percutaneous left atrial appendage closure vs warfarin for atrial fibrillation: a randomized clinical trial[END_REF][START_REF] Holmes | Prospective randomized evaluation of the Watchman left atrial appendage closure device in patients with atrial fibrillation versus long-term warfarin therapy: the PREVAIL trial[END_REF]. This document has been developed by ten experienced radiologists in cardiac imaging and two cardiologists involved in LAAC implantation. Based on the review of currently available published research and expert consensus, this document reflects the opinion of experts endorsed by the Société Française d'Imagerie Cardiaque et Vasculaire diagnostique et interventionnelle (SFICV) on imaging protocol, recommendations, a standardized analysis and a structured report involved in LAAC procedures for the radiologists.

Indication for percutaneous left atrial appendage occlusion

LAAC is considered in patients with nonvalvular AF with contraindication to anticoagulant therapy [START_REF] Holmes | Percutaneous closure of the left atrial appendage versus warfarin therapy for prevention of stroke in patients with atrial fibrillation: a randomised non-inferiority trial[END_REF]. In France, approximatively the number of persons eligible for percutaneous LAA occlusion is about 10, 000 to 30, 000 patients per year [START_REF] Cdlhad | Evaluation de l'occlusion de l'appendice auriculaire gauche par voie transcutanée[END_REF]. In 2020, the European Society of Cardiology recommendations have proposed LAAC as a therapeutic alternative in patients with AF and presenting a contraindication to anticoagulant therapy (Class IIb recommendation) [START_REF] Hindricks | ESC Guidelines for the diagnosis and management of atrial fibrillation developed in collaboration with the European Association for Cardio-Thoracic Surgery (EACTS)[END_REF]. The indication of LAAC is relevant in patients with AF with a definite and permanent contraindication to anticoagulants (validated by a multidisciplinary panel) and with high thromboembolic risk defined as a CHA2DS-VASc score  4 [START_REF] Has | Evaluation de l'occlusion de l'appendice auriculaire gauche par voie transcutanée[END_REF].

Technique

LAAC devices

Various models of percutaneous prostheses exist but two are predominantly used to exclude the LAA. They are the Watchman FLX TM device (Boston Scientific) and the Amplatzer TM Amulet TM device (Abbott Vascular) [START_REF] Staubach | Long-term transesophageal echocardiography follow-up after percutaneous left atrial appendage closure[END_REF][START_REF] Asmarats | Percutaneous left atrial appendage closure: current devices and clinical outcomes[END_REF].

The Watchman FLX TM device

The Watchman FLX TM device is the last generation of the Watchman device. The prosthesis consists of a cage-shaped nitinol frame structure partially covered with polyethylene terephthalate at its base and lateral edge. It rests against the internal face of the LAA (Supplemental Figure S1). Several observational studies and registries described the sizing measurements and the size of the device as well as the implantation modality of the device [START_REF] Masoudi | The evolution of left atrial appendage occlusion: EWOLUTION and the WATCHMAN in practice[END_REF][START_REF] Boersma | Implant success and safety of left atrial appendage closure with the WATCHMAN device: periprocedural outcomes from the EWOLUTION registry[END_REF][START_REF] Wang | Application of 3dimensional computed tomographic image guidance to WATCHMAN implantation and impact on early operator learning curve: single-center experience[END_REF][START_REF] Eng | Computed tomography for left atrial appendage occlusion case planning[END_REF][START_REF] Kaafarani | Role of CT imaging in left atrial appendage occlusion for the WATCHMAN device[END_REF].

The Amplatzer TM Amulet TM device

The self-expanding braided nitinol mesh prosthesis consists of an external disc resting against the atrial face of the LAA and an internal lobe positioned at the base of the LAA, with both parts linked by a central waist (Supplemental Figure S2). Characteristics of the device as well as its method of implantation have been described in several observational studies and registries [START_REF] Aminian | Incidence, characterization, and clinical Impact of device-related thrombus following left atrial appendage occlusion in the prospective global AMPLATZER amulet observational study[END_REF][START_REF] Landmesser | Left atrial appendage occlusion with the AMPLATZER Amulet device: one-year follow-up from the prospective global Amulet observational registry[END_REF][START_REF] Landmesser | Left atrial appendage occlusion with the AMPLATZER Amulet device: periprocedural and early clinical/echocardiographic data from a global prospective observational study[END_REF][START_REF] Clemente | Multimodality imaging in preoperative assessment of left atrial appendage transcatheter occlusion with the Amplatzer Cardiac Plug[END_REF].

Positioning the device

The pre-implantation (or pre-LAAC) assessment consists of a blood test (coagulation panel and serum creatinine value) and a cardiac computed tomography (CT) angiography [START_REF] Rajwani | CT sizing for left atrial appendage closure is associated with favorable outcomes for procedural safety[END_REF].

Transesophageal echocardiography (TEE) is almost always performed during system implantation. The procedure is performed under anesthesia (usually general) in an interventional imaging suite. An introducer sheath is placed in the right common femoral vein via femoral venous access. The device is contained in a support sheath mounted in the right atrium then introduced into the left atrium through an inter-atrial septum crossing. The device is then deployed under fluoroscopic and ultrasound guidance. In most cases the intervention takes place smoothly.

Pre-implantation imaging modalities

The imaging assessment includes cardiac CT angiography performed prior to implantation and TEE performed during the procedure [START_REF] Rajiah | Pre-and postprocedural CT of transcatheter left atrial appendage Closure devices[END_REF]. Although TEE has been considered as the gold standard, the three-dimensional nature of CT improves the accuracy for guiding the choice of LAAC device [START_REF] Chow | A comparative study of different imaging modalities for successful percutaneous left atrial appendage closure[END_REF][START_REF] Saw | Comparing measurements of CT angiography, TEE, and fluoroscopy of the left atrial appendage for percutaneous closure[END_REF][START_REF] Eng | Prospective, randomized comparison of 3-dimensional computed tomography guidance versus TEE data for left atrial appendage occlusion (PRO3DLAAO)[END_REF][START_REF] Morcos | Accuracy of commonly-used imaging modalities in assessing left atrial appendage for interventional closure: review article[END_REF]. It reduces the rate of peri-interventional complications compared to the TEE by improving the choice of prosthesis size. Investigating LAA with TEE rather than with CT might results in underestimation of the ostial dimensions and depth of the LAA [START_REF] Sievert | Percutaneous left atrial appendage transcatheter occlusion to prevent stroke in high-risk patients with atrial fibrillation: early clinical experience[END_REF].

Lastly, CT enables vascular approach, transeptal puncture site and circumflex artery location to be anticipated prior to implantation [START_REF] Ismail | CT imaging for left atrial appendage closure: a review and pictorial essay[END_REF].

CT image acquisition protocol prior to LAAC

The purpose of pre-implantation cardiac CT angiography is to evaluate the anatomy of the LAA in order to select the most suitable prosthesis and check for any contraindications to introducing the device. Patients should be preferably in a nonfasting state. Imaging has been recommended to be performed using CT unit with at least 64 rows of detectors, with electrocardiogram (ECG)-gating [START_REF] Korsholm | Cardiac Computed Tomography for Left atrial appendage Occlusion: acquisition, analysis, advantages, and Limitations[END_REF]. Both prospective and retrospective ECG-gating have been used for all pre-procedural imaging acquisitions [START_REF] Korsholm | Cardiac Computed Tomography for Left atrial appendage Occlusion: acquisition, analysis, advantages, and Limitations[END_REF]. Prospective ECG gating is more sensitive to cardiac arrhythmia and does not allow post hoc reconstruction of cardiac phases, but the radiation exposure is significantly reduced compared with retrospective ECG gating.

Images should be obtained in a phase corresponding to 30-60% of the R-R interval to reduce radiation exposure [START_REF] Patel | Cardiac cycledependent left atrial dynamics: implications for catheter ablation of atrial fibrillation[END_REF]. Based on currently available published research and experts consensus, we recommend a prospective triphasic ECG-gated acquisitions with a spontaneous contrast phase followed with an arterial and a venous phases (70 s post-injection) with 1 mL of iodinated contrast material per kg (concentration ≥ 350 mg iodine/mL) at a rate of 4-5 mL/s flushed with 50 mL of saline solution [START_REF] Korsholm | Expert recommendations on cardiac computed tomography for planning transcatheter left atrial appendage occlusion[END_REF]. The non-enhanced phase may be considered for adjustment of the field of view before contrast media injection [START_REF] Korsholm | Expert recommendations on cardiac computed tomography for planning transcatheter left atrial appendage occlusion[END_REF][START_REF] Bilchick | Effectiveness of integrating delayed computed tomography angiography imaging for left atrial appendage thrombus exclusion into the care of patients undergoing ablation of atrial fibrillation[END_REF]. Acquisition during the venous phase is useful if filling of the LAA for the arterial phase is incomplete (a frequent situation) and if the presence of a thrombus in the LAA cannot be ruled out. Dualenergy CT is also valuable for differentiating between delayed opacification and a thrombus [START_REF] Hur | Cardioembolic stroke: dual-energy cardiac CT for differentiation of left atrial appendage thrombus and circulatory stasis[END_REF].

All these parameters are noted in the suggested standardized report detailed in Table 1. In case of contraindication of iodinated contrast media injection, cardiac magnetic resonance imaging is a valuable tool for detecting intra-LAA thrombus [START_REF] Chen | Cardiac MRI for detecting left atrial/left atrial appendage thrombus in patients with atrial fibrillation: meta-analysis and systematic review[END_REF].

Image analysis

For consistency in image analysis and report, we recommend four steps in image analysis as in the standardized report (Table 1): analysis of the approach, search for a thrombus in the LAA, investigating LAA anatomy, and cardiac and thoracic assessments.

Analysis of the approach

Analysis of the approach includes examining the inferior vena cava included in the field of view and the right atrium, through which the device passes. The interatrial septum (IAS) should also be analyzed for abnormality (interatrial communication, mass, thrombus, etc.) or anatomical variation (interatrial septal aneurysm, patent foramen ovale, lipomatous hypertrophy of the interatrial septum that may interfere with the transseptal puncture (Supplemental Figure S3). The IAS analysis provides optimal transseptal puncture position choice to allow device and LAA alignment.

Search for a thrombus in the LAA

The presence of a thrombus in the LAA is a contraindication for device placement. It manifests as a hypo attenuating structure partially or totally occupying in the LAA, visible on the arterial phase acquisition and persisting on the venous phase acquisition (Supplemental Figure S4). It is important to differentiate between delayed filling of the LAA and a thrombus.

A delay in opacification presents as an LAA opacification defect that disappears in the venous phase. This is almost always due to a large volume left atrium circulating slowly. The ratio of iodinated contrast material attenuation/native blood attenuation is indicative of stasis, not thrombus but the ratio cut-offs vary substantially between publications, making clinical application using the ratio alone difficult [START_REF] Kim | Differentiation between spontaneous echocardiographic contrast and left atrial appendage thrombus in patients with suspected embolic stroke using two-phase multidetector computed tomography[END_REF][START_REF] Spagnolo | Diagnosis of left atrial appendage thrombus in patients with atrial fibrillation: delayed contrast-enhanced cardiac CT[END_REF][START_REF] Romero | Cardiac imaging for assessment of left atrial appendage stasis and thrombosis[END_REF]. When two acquisitions (arterial and venous) are performed, the sensitivity, specificity and negative predictive value of CT for detecting a thrombus in the LAA are 97%, 100% and 97%, respectively [START_REF] Romero | Cardiac imaging for assessment of left atrial appendage stasis and thrombosis[END_REF][START_REF] Romero | Detection of left atrial appendage thrombus by cardiac computed tomography in patients with atrial fibrillation: a meta-analysis[END_REF].

Investigating the LAA anatomy

This step analyzes the overall morphology of the LAA, its dimensions and its relationship to the left circumflex artery that is potential risk of compression by the device.

The analysis is preferably performed in the ventricular systolic phase to ensure maximum atrial filling. The LAA appears on the scan as a blind structure, often pyramidal in shape, with extensions known as lobes [START_REF] Naksuk | Left atrial appendage: embryology, anatomy, physiology, arrhythmia and therapeutic intervention[END_REF]. Its anatomy and dimensions vary widely among individuals, without any correlation with patient size and gender [START_REF] Veinot | Anatomy of the normal left atrial appendage: a quantitative study of age-related changes in 500 autopsy hearts: implications for echocardiographic examination[END_REF]. The CT report must specify:

1. LAA morphology

LAA morphology can be seen on multiplanar reconstruction and three-dimensional volume reconstructions. Wang et al. described 4 different morphologies: the "chicken wing" type (Supplemental Figure S5), the most common type (48% of patients), the "cactus" type (30% of patients) (Supplemental Figure S6); the "windsock" type (19% of patients) (Supplemental Figure S7) and the "cauliflower" type (3% of patients) (Supplemental Figure S8) [START_REF] Wang | Application of 3dimensional computed tomographic image guidance to WATCHMAN implantation and impact on early operator learning curve: single-center experience[END_REF]. The "cauliflower" type is associated with a higher embolic risk while the "chicken wing" type represents the least risk [START_REF] Wang | Left atrial appendage studied by computed tomography to help planning for appendage closure device placement[END_REF][START_REF] Lupercio | Left atrial appendage morphology assessment for risk stratification of embolic stroke in patients with atrial fibrillation: a meta-analysis[END_REF][START_REF] Romero | Left atrial appendage morphology and physiology: "the missing piece in the puzzle[END_REF]. The latter also seems to be the most problematic for LAAC device implantation because of its sharp angulation [START_REF] Biase | Does the left atrial appendage morphology correlate with the risk of stroke in patients with atrial fibrillation? Results from a multicenter study[END_REF]. The number of lobes of the LAA must also be specified as the presence of several lobes may compromise the device's seal.

There are usually two lobes (54% of patients) (Supplemental Figure S9). More rarely, one lobe (20% of patients), 3 lobes (25% of patients) and rarely 4 lobes (< 10% of patients) are found [START_REF] Veinot | Anatomy of the normal left atrial appendage: a quantitative study of age-related changes in 500 autopsy hearts: implications for echocardiographic examination[END_REF]. The presence of a lobe emerging from the base of the LAA must also be reported as this may lead to a leak in the LAA closure device. Such lobe has to be distinguished from accessory appendage [START_REF] Abbara | Cardiac CT assessment of left atrial accessory appendages and diverticula[END_REF].

LAA dimensions

Each device manufacturer provides its own guidelines for determining the sizing of device to implant [START_REF] Landmesser | Left atrial appendage occlusion with the AMPLATZER Amulet device: one-year follow-up from the prospective global Amulet observational registry[END_REF][START_REF] Landmesser | Left atrial appendage occlusion with the AMPLATZER Amulet device: periprocedural and early clinical/echocardiographic data from a global prospective observational study[END_REF][START_REF] Xu | Computed tomography measurement of the left atrial appendage for optimal sizing of the Watchman device[END_REF][START_REF] Tzikas | Left atrial appendage occlusion with the AMPLATZER Amulet device: an expert consensus stepby-step approach[END_REF]. The LAA is measured in double oblique view to distinguish a slice passing through the LAA, the left upper pulmonary vein and the circumflex artery (Figure 1) [START_REF] Korsholm | Transcatheter left atrial appendage occlusion in patients with atrial fibrillation and a high bleeding risk using aspirin alone for post-implant antithrombotic therapy[END_REF]. Kirchhof et al. suggest obtaining this slice by successively applying a right anterior obliquity of 30° on the axial slice and a cranial obliquity of 10° on the sagittal plane [START_REF] Kirchhof | ESC Guidelines for the management of atrial fibrillation developed in collaboration with EACTS[END_REF]. The pre-implantation CT measurements to be taken for the 2 types of device are: (i), measurement of the anatomical orifice (AO): This is located at the junction between the LAA and the right atrium. The large and small diameters must be measured (Figure 2); and (ii), measurement of the implantation zone (IZ) (or "landing zone"): This is located at the entrance of the main lobe where the device provides a perfect seal because it is confined by the LAA walls. It is usually measured at approximately 10 mm from the AO. The large and small diameters must be noted (Figure 3). Additional measurements specific to each device are also required. For the Watchman system this is the maximum depth of the LAA corresponding to the distance between the center of the anatomical orifice and the apex of the main lobe, the latter being unfolded over a double oblique slice (Figure 4). For the Amplatzer Amulet system, the direct depth must be measured. This is the orthogonal distance between the center of the anatomical orifice and the adjacent base of the LAA (Figure 5). Figure 6 summarizes all the dimensions to be recorded according to the device type.

Selection of device

Measurements on CT images depend on the type of prosthesis. For the Watchman device, the size of the device is selected by oversizing the large diameter of the landing zone of the LAA by 10 to 30 % using a specific table available on the manufacturer's site. There are five different sizes ranging from 20-to 35 mm in diameter. The length of the device must be less than the maximum depth of the LAA. For the Amulet, the largest diameter of the landing zone is oversized by 3-to 6 mm. The depth of the device must be at least 2.5 mm less than the depth of the LAA. There are 8 different diameter sizes ranging from 16 to 34 mm.

Cardiac and thoracic assessments

In addition to AAG related procedure assessment, CT helps perform coronary calcium score quantification with the first enhanced ECG-gated examination and eventually add coronary heart disease risk estimation in those patients. Coronary analysis may be performed when image quality allows its analysis because CT image quality may be impaired in patients with AF [START_REF] Katona | Left circumflex coronary artery occlusion due to a left atrial appendage closure device[END_REF]. This information may modify patients care management [START_REF] Alkindi | Anticoagulation in patients with atrial fibrillation and coronary artery disease[END_REF][START_REF] Knuuti | ESC Guidelines for the diagnosis and management of chronic coronary syndromes[END_REF]. CT allows the assessment of the entire cardiac mass and all adjacent structures such as mediastinum, vascular anatomy, pulmonary parenchyma, upper abdominal slices, bone structures to search for incidental abnormalities [START_REF] Cellina | CT features of an uncommon association between coronary-pulmonary fistula and Vieussens' arterial ring[END_REF][START_REF] Raimondi | Imaging features of complete congenital atresia of left coronary artery[END_REF].

Peri-procedural LAAC device related complications

Per-intervention complications have been reported such as perforation of the LAA responsible for hemopericardium with tamponade (if the device is oversized), migration of the device (if the device is undersized), that could be immediately been detected with TEE. When suspected, early complications such as compression of the circumflex artery by the device responsible for myocardial ischemia, gas embolism, infection and hematoma at the puncture point can be depicted with CT [START_REF] Rajwani | CT sizing for left atrial appendage closure is associated with favorable outcomes for procedural safety[END_REF][START_REF] Katona | Left circumflex coronary artery occlusion due to a left atrial appendage closure device[END_REF]. Other complication as stroke/transient ischemic attack are explored with CT and /or magnetic resonance imaging. Late complications such as migration of the device, major or minor peri-prosthetic leak or atrial thrombus are better depicted with CT than with TEE [START_REF] Masoud | Outcome of left atrial appendage occlusion in high-risk patients[END_REF].

CT-related radiation exposure

Mean radiation with standard cardiac protocol is less than 3 mSv [START_REF] Spagnolo | Diagnosis of left atrial appendage thrombus in patients with atrial fibrillation: delayed contrast-enhanced cardiac CT[END_REF][START_REF] Saw | Cardiac CT angiography for device surveillance after endovascular left atrial appendage closure[END_REF][START_REF] Gerber | Radiation dose and safety in cardiac computed tomography[END_REF]. The advent of low-dose acquisition as well as hybrid reconstruction may lower the radiation dose delivered to the patient [START_REF] Beregi | Low and ultra-low dose radiation in CT: opportunities and limitations[END_REF][START_REF] Greffier | CT dose optimization for the detection of pulmonary arteriovenous malformation (PAVM): a phantom study[END_REF].

Follow-up

No consensus or guidelines are available regarding the imaging follow-up after LAAC procedure (modality and frequency). Routinely, imaging follow-up is performed by TEE at 24-48 h to identify any pericardial effusion that may suggest rupture or migration of the system. After the hospital stay, follow-up involves regular scanning to check the correct position of the device and detect any migration (Supplemental Figure S10) [START_REF] Saw | Cardiac CT angiography for device surveillance after endovascular left atrial appendage closure[END_REF][START_REF] Poulter | Cardiac computed tomography follow-up of left atrial appendage exclusion using the Amplatzer Cardiac Plug device[END_REF][START_REF] Lakkireddy | Rationale and design for AMPLATZER amulet left atrial appendage Occluder IDE randomized controlled trial (Amulet IDE Trial)[END_REF]. The formation of a thrombus in contact with the atrial face of the system (Supplemental Figure S11), a rare but potentially serious complication, should also be recorded [START_REF] Saw | Cardiac CT angiography for device surveillance after endovascular left atrial appendage closure[END_REF]. Its presence imposes that anticoagulant treatment must be introduced. CT-scanner should also look for residual opacification of the LA (Supplemental Figure S12), which is found in more than 50% of patients, reflecting a system leak whose clinical impact remains controversial [START_REF] Saw | Incidence and clinical impact of device-associated thrombus and peri-device leak following left atrial appendage closure with the Amplatzer cardiac plug[END_REF].

Complete or partial, it may be visible from the arterial phase or only in the venous phase [START_REF] Hornung | Catheter-based closure of residual leaks after percutaneous occlusion of the left atrial appendage[END_REF].

It should be noted that CT appears more sensitive than TEE in detecting leaks after device implantation [START_REF] Jaguszewski | Cardiac CT and echocardiographic evaluation of peri-device flow after percutaneous left atrial appendage closure using the AMPLATZER cardiac plug device[END_REF][START_REF] Lim | Delayed left atrial appendage contrast filling in computed tomograms after percutaneous left atrial appendage occlusion[END_REF]. 

Figure legends

AF:

  Atrial fibrillation; AO: Anatomical orifice; CT: Computed tomography; ECG: Electrocardiogram; IZ: Implantation zone (or "landing zone"); LAA: Left atrial appendage; LAAC: LAA closure; SFICV: Société Française d'Imagerie Cardiaque et Vasculaire diagnostique et interventionnelle; TEE: Transesophageal echocardiography Mesh terms (There are five index terms)

Figure 1 :

 1 Figure 1:Reference arterial phase ECG-gated CT image in the sagittal oblique plane that allows analysis of the left atrial appendage in a patient with atrial fibrillation candidate for a left atrial appendage closure. The first step consists of showing the base, the main lobe, and the tip of the left atrial appendage (star) on a double oblique incidence including the circumflex artery (arrowhead) and the left upper pulmonary vein (arrow). A stent is present in the circumflex artery, resulting in few metal artifacts.

Figure 2 :

 2 Figure2: Arterial phase reference ECG-gated CT images allowing analysis of the anatomical orifice of the left atrial appendage. A, On the reference CT image in the sagittal oblique plane, the anatomical orifice of the left atrial appendage is represented with a red line. B, On CT image obtained in the orthogonal plane relative to A, the anatomical orifice is measured. The red lines represent the measurements of the large and small diameters of the anatomical orifice zone.

Figure 3 :

 3 Figure 3:Reference arterial phase ECG-gated CT images allowing analysis of the left atrial appendage landing zone. A, On the reference CT image in the sagittal oblique plane, the left atrial landing zone is shown here as a red line, located 10 mm above the anatomical orifice. B, On CT image obtained in the orthogonal plane relative to A, the landing zone is measured. The red lines represent the measurements of the large and small diameters of the landing zone.

Figure 4 :

 4 Figure 4:Reference arterial phase ECG-gated CT image in the sagittal oblique plane allowing analysis of the maximum depth of the left atrial appendage. On the reference slice, the thick white line represents the measurement of the maximum depth between the center of the anatomical orifice (thin white line) and the base of the main lobe of the left atrial appendage.

Figure 5 :

 5 Figure 5:Reference arterial phase ECG-gated CT image in the sagittal oblique plane allowing analysis of the direct depth of the left atrial appendage. The fine white line represents the measurement of the direct perpendicular depth between the center of the anatomical orifice (thick white line) and the edge of the main lobe of the left atrial appendage.

Figure 6 :

 6 Figure6: Diagram summarizing the measurements to be taken from the reference slice before implantation of a left atrial appendage closure device: the anatomical zone, the landing zone, the direct depth and the maximum depth.

  

  

  

  

  

  

Table 1 :

 1 Standardized CT report before left atrial appendage closure.

Table 2 :

 2 Recommendations for CT work-up in patients candidate for LAAC device placement and for post LAAC device placement follow-up.
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Conclusion

This review with recommendations (Table 2) and a standardized report is a support for the clinician workflow for pre-planning and follow-up cardiac computed tomography angiography for LAAC procedure.
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