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INTRODUCTION
Interventional cardiac procedures play an important role in 
the treatment of patients with arrhythmia and in the preven-
tion of complications from arrhythmia. Interventional 
occlusion of the left atrial appendage (LAA) is an alterna-
tive treatment approach in patients with atrial fibrillation 
(AF) in whom anticoagulation is contraindicated or inef-
fective.1 Radiofrequency catheter ablation is an established 
treatment option in patients with AF as well as ventricular 
arrhythmia.2 Cardiac resynchronization therapy (CRT) and 
implantable cardioverter defibrillator (ICD) implantation 
may reduce mortality in patients with sustained cardiac 
arrest or heart failure and mechanical dyssynchrony of the 
left and right ventricle.

Cross- sectional imaging is increasingly requested 
before these interventions.3 Cardiac CT has the advan-
tage to provide non- invasive, isotropic, high- resolution 
images of the cardiac anatomy with the possibility of 
multiplanar reformations and three- dimensional (3D) 
reconstructions, facilitating treatment planning. CT is 
also the primary modality for the rapid evaluation of 
suspected procedure- related complications and increas-
ingly used for post- procedural surveillance after cardiac 
interventions.

This article will review current applications of pre- and 
post- interventional CT imaging in LAA occlusion, pulmo-
nary vein isolation and cardiac device implantation.

Cardiac CT imaging technique
Cardiac CT requires advanced CT scanner technology 
enabling high spatial and temporal resolution. A high 
temporal resolution enables cardiac CT imaging with less 
motion artifacts, particularly important when imaging 
patients with arrhythmia.4 Cardiac reconstruction algo-
rithms typically utilize 180° of projection data, resembling 
a half gantry rotation for image reconstruction. In dual- 
source CT scanners with two X- ray sources positioned at 
approximately 90° to each other, sufficient data for image 
reconstruction can be acquired at one- fourth of a complete 
gantry rotation. This results in an intrinsic temporal reso-
lution of around 115–135 ms for top- end single- source 
CT scanners and of around 65–75 ms for dual- source CT 
scanners.

The acquisition protocol for cardiac CT mainly depends 
on the available scanner. Prospective ECG- gating is often 
preferred in newer scanners to keep radiation dose levels 
low. For pre- procedural cardiac CT before pulmonary vein 
isolation or LAA occlusion, the acquisition window can be 
limited to end- systole, obtaining images at around 30–60% 
of the RR- interval.5,6 With older scanners or patients with 
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ABSTRACT

Several interventional treatment options exist in patients with atrial and ventricular arrhythmia. Cardiac CT is routinely 
performed prior to occlusion of the left atrial appendage, pulmonary vein isolation, and cardiac device implantation. 
Besides the evaluation of coronary artery disease, cardiac CT provides isotropic, high- resolution CT images of the 
cardiac anatomy with the possibility of multiplanar reformations and three- dimensional reconstructions which are 
helpful to guide interventional treatment. In addition, cardiac CT is increasingly used to rapidly evaluate periprocedural 
complications and for the routine post- procedural imaging surveillance in patients after interventions. This review 
article will discuss current applications of pre- and post- interventional CT imaging in patients with arrhythmia.
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variable and high heart rates, a retrospective spiral acquisition 
should be considered. ECG- based dose modulation (also called 
ECG pulsing) enables to limit the full tube current application to 
the end- systole which goes along with considerable reduction of 
the radiation dose also in this mode.7

Depending on the body habitus of the patient, the tube voltage 
can be reduced down to 70 kV or 80 kV to reduce radiation dose 
as well as to increase the attenuation of the cardiac chambers 
when scanning with a tube voltage closer to the k- edge of iodine. 
Recent technical development of dual- layer spectral detector CT 
and photon- counting CT further facilitate high contrast to noise 
ratios due to the possibility of monoenergetic image reconstruc-
tion of spectral CT data, yielding the potential for contrast media 
reduction.8

Misregistration between successively acquired CT slabs due to 
motion artifacts is an important issue in patients with arrhythmia. 
Acquiring the CT scan in one heartbeat reduces the likelihood of 
misregistration. Two possibilities are available: (i) scanning with 
a single- source detector with a detector array of ≥160 mm in the 
longitudinal z- axis covering the whole heart in one acquisition 
without the need for table movement and (ii) scanning with a 
very high pitch (>3) on a dual- source scanner allowing to scan 
the entire heart in around 250 ms.9

The timing of contrast media administration can be performed 
via the bolus- tracking or the test- bolus injection technique, 
depending on institutional preferences to optimize the contrast 
opacification of the anatomy of interest. To image cardiac venous 
anatomy, typically 2–4 s are added to the conventional post- 
trigger delay applied in coronary CT angiography.10,11

CT images for treatment planning are acquired from the carina 
to the diaphragm in a single- breath hold. Isotropic submillimeter 
voxels then allow for multiplanar reformations and 3D recon-
structions. Iterative reconstruction algorithms enable the reduc-
tion of image noise having also the potential to reduce radiation 
doses while preserving an adequate contrast- to- noise level.12

A delayed phase imaging of the LAA improves the diagnostic 
accuracy to rule- out thrombus, as filling defects of the stunned 
left atrial appendage in first pass angiography may simulate 
thrombus13 (Figure 1). Interestingly, the literature about timing 
of the delayed- phase scan is heterogenous ranging between 
a delay of 40 s14 to a delay of 6 min after the acquisition of the 
initial scan.15 Spagnolo et al15 showed that a 6 min delay may 
further improve the diagnostic accuracy of thrombus detection 
compared to a delay of 1 min or 3 min after contrast adminis-
tration. Spectral CT with material decomposition may assist 
in correctly depicting thrombi through iodine concentration 
quantification.16

When it is intended to detect myocardial fibrosis and scar with 
CT, a delayed scan for iodine late enhancement imaging must be 
performed at the equilibrium phase of contrast media distribu-
tion around 5 min after intravenous injection.17–19 Left ventric-
ular extracellular volume fraction as a measure of myocardial 
fibrosis shows a strong correlation between CT and the reference 
standard MRI.20

Anatomy of the LA and PV
Assessing the anatomy of the left atrium (LA) and pulmonary 
veins (PVs) is crucial for pre- procedural planning of patients with 
AF.21 The LA is the most posterior cardiac chamber and comprises 
several components: the vestibule (the portion surrounding the 
mitral valve), the LAA, the septum (in common with the right 
atrium), the anterior wall (inferior to the Bachmann’s bundle), 
which is the thinnest part of the LA (1.5–4.8 mm), and the dome, 
which is the thickest part (3.5–6.5 mm).22 Within the septal wall, 
the foramen ovale can be identified as a bilaminar valve of fibrous 
tissue, delimited by a muscular rim.23 The posterior wall of the 
LA that is included among PV inflow vestibula is referred to as 
the “posterior LA”.21 The intervenous saddle is the LA portion 
between two ipsilateral PVs, and, together with PV ostia, forms 
the PV inflow vestibule. The PV trunk represents the portion of 
the PV vessel between the ostia and the first branch.24

In normal PV anatomy (which accounts for almost the 70% of the 
general population24), four separate ostia can be found. Two from 
the right side: the superior right vein (RSPV), draining the upper 
and middle pulmonary lobe, and the inferior right vein (RIPV) 
draining the inferior pulmonary lobe. And two from the left side: 
the superior left vein (LSPV), draining the upper pulmonary 
lobe, and the inferior left vein (LIPV), for the inferior pulmo-
nary lobe21 (Figure 2a). The most frequent PV variants include 
the so- called “conjoined vein” (2–25% of the population), which 
is defined as joining of the superior and inferior PV draining 
into the LA with a common ostium (most often involving the 
left PVs)25–27 (Figure  2b). Other variants include the presence 
of accessory veins: the most common are the right middle vein 

Figure 1. Ruling out LAA thrombus. (a) Filling defect of the 
LAA in the arterial phase being suspicious of thrombus (black 
arrow), (b) delayed phase after 60 s showing normal opacifi-
cation of the LAA. (c) Filling defect of the LAA in the arterial 
phase (white arrow). (d) Delayed phase after 60 s showing a 
1 cm thrombus in the LAA (white arrowhead). LAA, left atrial 
appendage
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(incidence of 9–26.6%), the right top vein (0.3–9.3%) (Figure 2c) 
and the left middle vein (0.1–0.5%)21 ; and the early branching of 
the PV in which the PV trunk is shorter than 5 mm.21

Anatomy of the LAA
The LAA is an embryonic remnant extension of the LA 
containing trabeculations from pectinate muscles that cover its 
endocardial surface.28 An LAA lobe is defined as an extrover-
sion of the LAA wall with a minimum depth and width of 1 cm. 
According to its shape, four different morphologies have been 
identified29: the “chicken wing” type with a sharp bend in the 
proximal or middle aspect of the dominant lobe; the “windsock” 
type with a dominant lobe and multiple secondary lobes in the 
inferior direction; the “cactus” type with a central primary lobe 
and multiple secondary lobes, developing both in superior and 
inferior directions and the “cauliflower” type, with no dominant 
lobe and an irregular shape of the orifice30 (Figure 3).

According to Wang et al,30 several orifice shapes of the LAA exist: 
oval in 69%, foot- like in 10%, triangular in 8%, water- drop like 
in 8%, and round in 6%. Based on the relationship between the 
superior and the inferior aspect of the LAA and the LSPV and 

LIPV, a high, mid, and low LAA take- off can be distinguished.29 
If the superior wall of the LAA is located at the same height 
as compared to the superior aspect of the LSPV, the take- off is 
“high”; if it is found between the LSPV and LIPV ostium it is 
considered “mid”; and when located inferiorly to the inferior 
wall of the LSPV it is referred to as “low”.29

Coronary vein anatomy
When planning cardiac resynchronization therapy, it is 
important to recognize cardiac veins and their anatomic vari-
ants.The epicardial veins (great cardiac venous system) drain 
70% of the cardiac venous blood.31 Approximately, two- thirds 
of the epicardial veins finally drain into the great cardiac vein 
or in the CS.31 The CS is the continuation of the great cardiac 
vein running in the left atrioventricular sulcus. Its ostium in 
the right atrium (posteroseptal wall) is often delimited by the 
Thebesian valve.32 The anterior interventricular vein runs in the 
interventricular groove towards the cardiac base, where it turns 
into the great cardiac vein. The other great cardiac venous system 
veins are located between the posterior wall of the left ventricle 
and the anterior interventricular vein and are characterized by 
several variants in numbers and caliber. Those are the middle 
cardiac vein, which runs in the posterior interventricular groove 
and joins the CS; the left marginal vein, found in 70–95% of the 
individuals and draining in the great cardiac vein in the 80%; the 
posterolateral vein (single vein in 60% of the subjects, usually 
draining in the CS), the lateral vein (present in almost the 80% 
of patients), the anterolateral vein and the anterior vein31,32 
(Figure 4).

The oblique vein of the left atrium, also called the Marshall vein, 
is an embryonic remnant of the left superior vena cava. The peri-
cardial fold around this vessel may be a source of paroxysmal AF. 
The Marshall vein joins the great coronary vein at the level of the 
valve of Vieussens,32 located at the junction between the great 
cardiac vein and the CS.11

Pre-procedural imaging
Coronary artery disease
Coronary artery disease may be a substrate for AF33 and both 
diseases share common risk factors including smoking, diabetes, 
and arterial hypertension.33 In pre- procedural cardiac CT, coro-
nary artery assessment can be performed alongside with the 
evaluation of the cardiac anatomy. For this reason, the admin-
istration of 400–800 µg of sublingual nitroglycerine is recom-
mended34 prior to cardiac CT and care should be taken for heart 
rate control in order to acquire images without motion artifacts 
of the coronaries. Patients with AF benefit from imaging with 
high temporal resolution as discussed above.35

In patients with ventricular arrhythmia and a low- pretest prob-
ability of coronary artery disease, coronary CT may be used to 
rule- out relevant coronary artery stenosis and coronary artery 
anomalies as a substrate for ventricular arrhythmia.2

Pulmonary vein isolation
AF is the most common cardiac arrhythmia with an estimated 
prevalence of 2–4%.36 The prevalence is expected to rise due to 

Figure 2. PV anatomy. (a) Cinematic 3D rendering of the 
heart showing the posterior aspect of the LA with normal PV 
anatomy: two veins to the right (RSPV and RIPV) and two 
veins to the left (LSPV and LIPV) joining the LA. (b) Cinematic 
3D rendering showing a single PV ostium for the superior and 
inferior left pulmonary veins (conjoined vein, black arrow). (c) 
white arrow highlighting an accessory pulmonary vein (right 
top vein). LA, left atrium; LIPV, left inferior pulmonary vein; 
LSPV, left superior pulmonary vein; RIPV, right inferior pulmo-
nary vein; RSPV, right superior pulmonary vein; PV, pulmonary 
vein.

Figure 3. Types of left atrial appendage configuration. Cine-
matic 3D rendering (a–d) and multiplanar reformations (e–h) 
of left atrial appendage morphology types. (a, e) Windsock 
variant. (b, f) Chicken- wing variant. (c, g) Cauliflower variant. 
(d, h) Cactus variant.
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the continuous aging of the general population and the intensi-
fied search for the disease.37,38 AF is associated with an increased 
risk of thromboembolic disease and heart failure as well as an 
increased risk of all- cause mortality.36

A thin myocardial layer around the pulmonary veins is a major 
source of ectopic atrial beats.39 The goal of catheter ablation is 
to electronically isolate the ectopic foci accessing the left atrium 
via a transseptal approach.39 However, persistent electrical isola-
tion of the pulmonary veins is difficult to achieve with reported 
reconnection rates of more than 70%.40 Therefore, supplemen-
tary ablation lines are recommended in patients with long-
standing AF, including extrapulmonary areas such as the LAA, 
the superior vena cava or in low- voltage areas.41

Pulmonary vein isolation is effective in patients with paroxysmal 
and persistent AF.39 Blomstrom- Lundqvist et al have shown that 
patients undergoing catheter ablation have a better quality of 
life compared to patients undergoing medical therapy alone.42 
However, catheter ablation may not improve the rates of death, 
cardiac arrest, disabling stroke or serious bleeding compared to 
medical therapy.43

Pre- procedural CT is valuable for evaluating the anatomy and 
dimensions of the LA, for ruling- out thrombus, and for assessing 
the number and anatomical configuration of pulmonary veins. 

This information may assist the operator in choosing the right 
catheter, in positioning the catheter during the procedure, and to 
plan the most appropriate ablation strategy.

Furthermore, CT provides information on the course of the 
esophagus, anatomy of the superior and inferior vena cava as 
well as the location of the fossa ovalis. The presence of lipoma-
tous hypertrophy of the atrial septum may interfere with trans-
septal puncture.

Pre- procedural CT images may also be used for image fusion 
with electroanatomical maps and real- time fluoroscopic images 
with the potential to reduce procedure times and fluoroscopic 
radiation exposure.44

LAA occlusion—indications and patient benefit
The LAA is responsible for almost 90% of cardiac thrombi in 
patients with non- valvular associated AF. Therefore, LAA occlu-
sion represents a therapeutic option for treating patients with AF, 
especially in those who show recurrent emboli or contraindica-
tion to therapy with anticoagulants (elevated bleeding risk, non- 
compliant patients).10 Several techniques of LAA exclusion exist, 
both surgical and percutaneous. The formers include epicardial 
or endocardial ligation or clipping of the LAA ostium,45 surgical 
excision of the LAA or the device- enabled occlusion method.46 
As less- invasive methods, endovascular approaches can be 
adopted: the plug system in which the device obstructs the LAA 
at the level of the orifice; the pacifier system, where the lobe of 
the device is associated to a disc that faces the LA lumen and 
closes the LAA; and the ligation technique that allows closure 
of the LAA neck with an endocardial–epicardial approach.28 
Despite the lack of clinical data and randomized controlled 
trials, surgical LAA occlusion/excision is recommended in case 
of open- heart surgery, whereas transcatheter LAA occlusion is 
predominantly indicated in subjects with high risk of stroke and 
contraindications to anticoagulants.47

Size, morphology of the LAA, position of the ostia, 
and where to measure
Pre- procedural evaluation of patients undergoing LAA occlu-
sion can be performed both with transesophageal echocardiog-
raphy (TEE) and with CT.28 First, the presence of a thrombus in 
the lumen of LAA must be ruled out, as this condition represents 
a contraindication to the procedure. TEE is still considered the 
reference standard, but cardiac CT is gaining increasing impor-
tance thanks to its high diagnostic accuracy when a delayed 
contrast phase is acquired (sensitivity 98%, specificity 100%)48 
CT may also assist in unclear TEE cases to distinguish between 
spontaneous echocardiographic contrast associated with slow 
blood flow and true thrombus.49

TEE is a valid and robust technique that allows LAA evalu-
ation with a good anatomic definition, analyzing maximum 
and minimum LAA diameters in end- systole. On the other 
hand, cardiac CT allows for 3D measurements and multiplanar 
reformations for a better definition of LAA orifice diameters, 
morphology, length, angulation and lobes, the relationship 
between its superior and inferior aspects and the LPVs, and 

Figure 4. Cardiac vein anatomy. (a) Oblique axial reformation 
showing the GCV running in the atrioventricular sulcus. (b) 
Oblique sagittal reformation illustrating the anterior interven-
tricular vein, which runs in the anterior interventricular sulcus 
from the apex towards the base of the heart. (c) Oblique axial 
reformation demonstrating the CS draining into the RA after 
receiving the PLV. (d) Cinematic 3D rendering showing the 
posterior aspect of the heart with the MCV running in the pos-
terior interventricular sulcus and draining directly into the RA. 
CS and PLV are also represented. CS, coronary sinus; GCV, 
great cardiac vein; MCV, middle cardiac vein; LA, left atrium; 
PLV, posterolateral vein; RA, right atrium.
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the atrial landing zone49 (distance between mitral annulus or 
circumflex artery and the LSPV vestibulum).49

When using cardiac CT, it is important to evaluate the LAA in 
the end- systolic phase (30–40% of the cardiac cycle) to assess the 
greatest dimensions of the LAA.50 Fundamental reformations are: 
(1) the oblique LAA view (circumflex artery and long- axis LAA 
should be visualized); (2) an orthogonal plane of this section in 
order to be axial to the LAA walls; (3) a double oblique plane to 
evaluate the ostium diameters (Figure 5). According to the liter-
ature, cardiac CT gives more precise measurements as compared 
to TEE and fluoroscopy.51–53 Based on several studies,52–54 
cardiac CT provides larger measurements as compared to TEE 
(1–3 mm greater, both for 2D and for 3D techniques) and fluoros-
copy (2–4 mm greater), thanks to 3D and multiplanar reforma-
tions which allow for the evaluation of the maximal dimensions. 
Cardiac CT also helps selecting the fluoroscopic angles for the 
transcatheter procedure. Necessary measurements could vary 
according to the type of device that is used.

ICD and CRT implantation
ICD implantation is an integral part of treatment of patients with 
sustained cardiac arrest due to ventricular arrhythmia or with 
an increased risk of sudden cardiac death.2,55 CRT implantation 
reduces mortality in heart failure55 in patients with mechanical 
dyssynchrony.

In CRT and ICD patients, CT venography may provide important 
information on the patency of the subclavian veins and supe-
rior vena cava, especially in patients with previous clavicular 
fractures or patients scheduled for CRT or ICD replacement. 
3D, non- invasive assessment of the cardiac venous anatomy 
may assist treatment planning as the cardiac venous anatomy 
is highly variable.11 Interventional lead placement can be facil-
itated by providing information on the presence of a prominent 
or calcified Thebesian valve, on size, angle and location of the 
coronary sinus and the position and branching of the coronary 
veins. To achieve resynchronization of the left ventricle with a 
CRT- device, it is critical that the LV lead is positioned in the area 
of delayed electrical activation and mechanical contraction.56 
Sommer et al compared clinical outcomes between patients who 
underwent CT venography and SPECT myocardial perfusion 
assessment and those who underwent no imaging prior to CRT 
and demonstrated that the imaging- guided strategy reduced the 

rate of non- response to CRT.57 Therefore, even if fluoroscopy 
venography assessment is performed during the CRT proce-
dure, a prior evaluation of the anatomy with cardiac CT has the 
potential to improve response to treatment. Similarly, a recent 
metanalysis revealed that multimodality imaging improves left 
ventricular end- systolic volume and the general response to CRT 
as compared to fluoroscopic guidance alone.58

The standard of reference for myocardial fibrosis assessment 
and quantification is CMR. However, there are some limitations 
of the technique: patients with claustrophobia or with metal 
implants often cannot be scanned with CMR, the downside of 
a long acquisition time, and the required expertise.59 CT can 
assess the presence of myocardial scar either by visualization of 
left myocardial wall thinning and lipomatous metaplasia or by 
the detection of delayed iodine enhancement and increased ECV 
on dedicated late iodine enhancement scans relatively easily17,18 
(Figure 6), with faster acquisition time, larger accessibility, less 
expensive, and with comparable diagnostic accuracy.60 Further-
more, 4DCT with acquisition of image data throughout the 
cardiac cycle may help visualizing mechanical dyssynchrony. 
Buss et al showed that CT has a higher reproducibility and faster 
analysis time for diagnosing mechanical dyssynchrony of the 
ventricles compared to real- time 3D echocardiography.61 CT 
measurements of dyssynchrony are based on myocardial wall 
thickness (epicardial and endocardial borders) changes over the 
cardiac cycle, rather than the 3D- echocardiographic method 
which only takes into account the endocardial contour. Despite 
the lower temporal resolution of CT, which is reduced with dual 
source scanners, CT assessments are associated with a greater 
reproducibility and faster imaging time than echocardiography.62

Ventricular tachycardia
Given the high correlation between myocardial scarred segments 
and regions of low bipolar voltages at electroanatomic mapping,63 
the identification of regions of reduced wall thickness64 or late 
iodine enhancement63 with dedicated CT late iodine enhance-
ment scans,17,18 is specifically useful prior to ventricular tachy-
cardia ablation procedures. In this scenario, CT has the potential 
to depict fibrotic myocardial areas in patients with contraindi-
cations for cardiac MR imaging. Moreover, CT assessment of 
epicardial fat improves the evaluation of epicardial voltage maps 
and epicardial fat thickness,65 which may be of importance in 
electrophysiologic procedures.

Post-procedural imaging
Imaging of complications
As suggested by the 2020 EHRA/EAPCI expert consensus state-
ment,28 follow- up imaging of patients after LAA occlusion is 
recommended 6–12 weeks after device implantation, both with 
TEE and CCT63 and shall be repeated after 12 months in patients 
with thromboembolic events.64 Besides the value of CT for 
routine follow- up imaging after LAA occlusion, CT is also the 
primary modality for the detection of procedure- related compli-
cations, which occur in around 5% of the interventions.24,65,66 
Some changes of cardiac structures are often encountered after 
catheter- based radiofrequency ablation, such as a LA scar along 
the ablation line and an inverse remodeling of the atrial chamber 

Figure 5. Evaluation of LAA anatomy prior to the before 
occlusion procedure. (a) Oblique sagittal LAA reformation 
(both long axis LAA and circumflex artery are visualized). (b) 
Orthogonal plane (axial to the LAA walls). (c) Oblique plane 
to evaluate the LAA orifice. CX: circumflex artery; LA, left 
atrium; LAA, left atrial appendage.
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with reduction in LA volume and increased contractility.67 
Critical and non- intended complications include pulmonary 
vein stenosis or occlusion, acute pulmonary injury, mitral valve 
injury, tamponade, hemothorax, atrioesophageal fistula, and 
stroke. Most of these complications occur within 24 h after the 
procedure but may also appear after 1–2 months.68

PV stenosis has an incidence of 0.29% after catheter- based 
radiofrequency ablation,10 is often asymptomatic and can lead 

to pulmonary infarction and pulmonary hypertension.10,24 The 
degree of stenosis can be easily evaluated with cardiac CT and 
is classified as severe (>70%), moderate (50–69%), and mild 
(<50%)66 (Figure 7).

Atrioesophageal fistula is a rare and fatal complication with 
an incidence of 0.04%69 that is associated with catheter- based 
radiofrequency ablation procedures on the posterior LA wall, 
given the proximity between the esophagus and the LSPV and 
LIPV (10)(67). CT represents the imaging technique of choice, 
showing air bubbles in the mediastinum and stranding of the 
mediastinal fat10 or in more severe cases, thrombus formation in 
the left atrium and air in the heart (Figure 8). Further potentially 
life- threatening complications of catheter- based radiofrequency 
ablation are periprocedural thromboembolic events and cardiac 
tamponade, both with a complication rate of around 1%.70

Patency assessment after LAA occlusion
Imaging after LAA occlusion is performed to determine the 
success of the procedure. Patency assessment can be done quan-
titatively (e.g. defined as an attenuation in the LAA distal to the 
device of above 100 HU in the arterial phase71 and/or qualita-
tively, defined as visual contrast media pooling in the LAA distal 
to the device in the arterial and/or later phases).

LAA patency rates are variable as they depend on the implanted 
device, on the timing of imaging after the procedure, and on 
the modality for imaging. While TEE is often used as the first- 
line imaging modality for the surveillance of LAA patency, it 
is known to have a limited sensitivity compared to cardiac CT, 
the latter representing the most accurate imaging tool for LAA 
assessment after intervention.63

When using TEE, patency rates with the Watchman device 
range from 0.2% when considering only leaks >5 mm72 to 32.1% 
at 1- year follow- up including all kinds of peridevice flow.73 In 
distinction, patency rate when assessed by cardiac CT performed 
after an average of 142 days after LAA occlusion71 using the 
Amplatzer plug, the Watchman and the Amplatzer Amulet 
were 70.6%, 55.6%, and 66.7%, respectively. Jaguszewski et al14 
showed residual patency over a 3 months follow- up after LAA 
occlusion with an Amplatzer plug in 62% of patients as assessed 
by cardiac CT with all leaks being <4 mm, whereas TEE only 
detected patency in 36%.

When LAA patency after intended occlusion is detected the 
underlying mechanism should be determined as follows63: (i) 

Figure 8. Atrioesophageal fistula after radiofrequency cathe-
ter ablation. Air bubbles and thrombus inside the left atrium 
(a, b) and the left ventricle (c).

Figure 6. Scar detection. A 60- year- old female patient with 
ischemic cardiomyopathy, reduced ejection fraction and ICD 
implantation. Ablation was planned due to an episode of ven-
tricular tachycardia with cardiogenic shock. Cardiac photon- 
counting detector CT with acquisition of a dual- energy late 
enhancement phase (after 5 min.) revealed an extensive post- 
ischemic scar in anterior and anteroseptal segments of the 
basal and mid- ventricular left ventricle (a, c, d), with asso-
ciated increased extracellular volume fraction (b). Successful 
radiofrequency ablation confirmed left ventricular tachycar-
dia associated with the scar, with mid- diastolic potentials in 
anteroseptal, anterior and anterolateral segments from basal 
to midventricular planes. ICD, implantable cardioverter defi-
brillator

Figure 7. PV stenosis after radiofrequency catheter ablation. 
(a) PV ostium before procedure. (b) Ostium wall thickening 
with PV stenosis after RFCA (black arrows). PV, pulmonary 
vein; RFCA, radiofrequency catheter ablation.
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fabric permeability, defined as device permeability observed 
by passage of the contrast through the non- endothelialized 
membrane despite appropriate proximal device apposition74 
(Figure  9); (ii) malapposition of the proximal segment of the 
device lobe, in which contrast is present in any of the proximal 
quadrants (not fulfilling the peridevice leak criteria below) 
enabling communication between the LA and the distal LAA 
through the lobe (Figure 10); and (iii) peridevice leak, defined 
as a contrast opacification all along the lobe perimeter allowing 
communication between the LA and the distal LAA75 (Figure 11).

It is important to know that TEE is not able to detect malposi-
tioning of the device as well as fabric permeability,63 thus limiting 
the usefulness of this modality in clinical routine. Malapposition 
of the proximal segment of the device lobe is the most observed 
mechanism for LAA patency and is typically (70–80%) located at 
the posteroinferior quadrant.

While patency can be readily detected with cardiac CT (and 
to a lesser extent with TEE), its clinical relevance remains 
a matter of continuing debate. The current believe is that 
patency, when the gap is smaller than 3 mm in diameter, is not 
associated with adverse events. Korsholm et al76 reported that 
a peridevice leak was found with cardiac CT in 61% of the 
patients after LAA occlusion, but the existence of a peridevice 
leak was not associated with clinical outcome (composite of 
ischemic stroke, transient ischemic attack, systemic embo-
lism, or all- cause death) after a median follow- up duration of 

2.6 years. Agudelo et al63 found that LAA patency as detected 
with cardiac CT was frequent (57%) but not associated 
with adverse outcomes (defined as an increase in mortality, 
cerebrovascular accident or bleeding events) at a median 
follow- up of 608 days.

Device-related thrombus
Device- related thrombus (DRT) is another potentially rele-
vant complication occurring after LAA occlusion, with a 
reported prevalence between 1.5 and 4.2%.77–79 Similar to 
LAA patency, the prevalence of DRT depends on the modality 
used for follow- up and on the timing of imaging after the 
procedure.80 When detected, DRT is usually classified into 
low- grade hypoattenuated thickening (HAT) with <3 mm 
of thickness and a laminar shape, and into high- grade HAT 
with >3 mm and irregular or pedunculated thickening at the 
atrial side of the device81 (Figure 12). While low- grade HAT 
has been rather related to a “physiological” endothelialization 
process on the device surface favored by complete LAA occlu-
sion and with no relation with adverse events, high- grade 
HAT has been associated with a three- to fivefold increase in 
stroke and systemic embolization.63

While DRT can be readily detected with CT, its therapeutic 
consequences remain a matter of debate and treatment 
recommendations vary.80 While anticoagulation is effective 
in resolving DRT in the majority of patients, concerns remain 
about the optimal candidates for resuming anticoagulation, 

Figure 9. Fabric permeability. LAA patency after Watch-
man device implantation. (a) The arterial phase CT indicates 
apparent complete occlusion of the LAA. (b, c) The very 
delayed phase (5 min) reveals increased attenuation in the 
LAA and within the device itself (white arrows), suggestive 
for LAA patency due to fabric permeability. LAA, left atrial 
appendage.

Figure 10. Malapposition of device for left atrial appendage 
occlusion. Malposition of the proximal segment of the device 
lobe in axial (a), oblique coronal (b), and oblique axial (c) 
reformations, with persistent opacification of the left atrial 
appendage via the posterior quadrant (red curved arrow).

Figure 11. Peridevice leak. (a) Axial and (b) oblique sagittal 
reformation of the LAA showing its complete opacification 
after LAA occlusion with the Watchman device, due to a 
peridevice leak (>5 mm, red line). LAA, left atrial appendage

Figure 12. Device- related thrombus. (a) Normal LAA occluder 
position; (b) low- grade HAT (<3 mm, white arrow); (c) high 
grade HAT (>3 mm, black arrow). HAT, hypoattenuated thick-
ening; LAA, left atrial appendage
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the duration of medication, and the risk of recurrence of DRT 
upon cessation of anticoagulation.

CONCLUSION
CT plays an increasingly important role in the pre- interventional 
but also in post- interventional evaluation of patients with 
arrhythmia. Besides the evaluation of coronary artery disease, 
cardiac CT may add valuable information before occlusion of 
the LAA, PV isolation, and cardiac device implantation as well 
as for the rapid evaluation of periprocedural complications. In 
addition, cardiac CT is increasingly used as a non- invasive and 

accurate tool for the post- procedural surveillance of patients 
with arrhythmia.
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