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Atrial fibrillation (AF) is the most common supraven-
tricular arrhythmia – increasing five-fold the risk of stroke 
and doubling the risk of death [1]. Over the past 20 years, 
catheter ablation has become the recognized treatment 
option, superior to antiarrhythmic drugs, and the electrical 
isolation of all pulmonary veins (PVs) is considered a cor-
nerstone of AF ablation, both in patients with preserved and 
reduced left ventricular ejection fraction [2-15]. The exact 
data regarding the left atrial (LA) anatomy are crucial for 
the adequate choice of the most suitable ablation technique, 
prediction of the expected long-term outcome and recogni-
tion of possible risk factors [16]. Computed tomography 
(CT) is a commonly used tool for assessing LA anatomy 
and its derivatives. CT scan allows calculating the LA size 
and shape, estimating the wall thickness and visualizing 
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the left atrial appendage (LAA), which allows excluding 
possible thrombi. Moreover, CT provides detailed infor-
mation regarding the number, geometry and dimensions of 
pulmonary veins, as well as the presence of any anatomical 
variations.

LEFT ATRIAL ANATOMY

There is a large diversity in the LA anatomical structure, 
and this variability mainly regards the PVs configuration 
and the anatomy of the LAA. Computed tomography, par-
ticularly with three-dimensional (3D) imaging, is considered 
the preferable tool for detailed LA assessment [17,18]. The 
complete information that is derived regarding the atrial 
wall thickness in specific regions of the left atrium and the 
relationship with adjacent structures allows increasing safety 
and achieving better outcome of the ablation procedure, with 
lowered risk of possible complications. Atrio-esophageal 
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Atrial fibrillation (AF) is the most common supraventricular arrhythmia. Despite 
significant advances in its treatment, it still remains one of the leading causes of 
cardiovascular morbidity and mortality. In the last two decades, pulmonary vein isolation 
(PVI) was developed as the most effective treatment option. The reported effectiveness 
of a single ablation procedure ranges from 40% to 69% with single, and up to 88% with 
repeated procedures, with acceptable safety profile. The PubMed database was searched, 
using terms including ‘atrial fibrillation ablation’, ‘pulmonary vein isolation’, ‘computed 
tomography’, ‘pulmonary vein anatomy’ and ‘ovality index’. Papers were reviewed for 
relevance and scientific merit. Different imaging techniques are used for pre-procedural 
assessment of left atrial (LA) anatomy, of which computed tomography (CT) is the most 
common. It allows assessing pulmonary vein (PV) anatomy, the LA wall thickness in 
different regions and the left atrial appendage (LAA) anatomy, together with excluding 
the presence of intracardiac thrombi. Pre-procedural PVs imaging is important regardless 
of the selected ablation technique, however, cryoballoon (CB) ablation seems to be 
particularly anatomy-dependent. Additionally, CT also permits assessment of several 
PVs characteristics (geometry, dimensions, angulations, the ostium area, orientation 
and ovality index (OI), which are essential for the patients’ qualification and designing 
the strategy of AF ablation. In this paper, we have reviewed the role of CT imaging in 
patients undergoing ablation procedure due to recurrent/symptomatic atrial fibrillation. 
Moreover, we discussed the relevant literature.
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fistula can be a lethal complication following catheter 
ablation of atrial fibrillation [19,20]. 

Three major types of relationship between the esophagus 
and posterior LA have been observed (type 1 – close to the 
left-sided PVs; type 2 – oblique course from the left superior 
PV to the right inferior PV; type 3 – close to the right-sided 
PVs) (Fig. 1). The esophageal and atrial walls are fairly thin. 
According to Lemola et al., the mean thicknesses of the 
posterior LA and anterior esophageal walls are 2.2±0.9 and 
3.6±1.7 mm. What is more, in 98% of all patients, there is 
a fat layer between the esophagus and the posterior LA. As 
this layer is often discontinuous, pre-procedural CT scanning 
is important for deciding the location of the ablation lesions 
around the PV ostia and LA and for avoiding the potential 
risk of esophageal injury [21-23].

Figure 1. 3D volume rendering. The esophagus course close to the 
left common pulmonary vein (type 1)

The ridge of Marshall, located between the left atrial 
appendage and the left superior pulmonary vein (LSPV) and 
the (usually thinner) ridge between right-sided pulmonary 
veins are the crucial structures having potential influence on 
the AF ablation parameters and long-term outcome. Poten-
tial anatomy-dependent difficulties with obtaining catheter 
stability in these places may result in incomplete ablation 
lines or delivery of lesions too deep in the vein, which can 
lead to pulmonary vein stenosis [24-26].

Comprehensive knowledge of the atrial anatomy can 
reduce the incidence of adverse events, both major (like rare, 
although frequently fatal atrio-esophageal fistula) and minor 
(like usually transient phrenic nerve injury). Pre-procedural 
CT imaging with precise calculation of atrial wall thickness 
in strategic regions like the mitral isthmus, LAA ridge, LA 
roof and posterior wall, helps to adequately titrate the power 

of radiofrequency (RF) energy applications in specific areas. 
Moreover, CT image can aid in evaluating the anatomical 
features of structural remodeling, and therefore allows iden-
tifying patients with high probability of post-ablation AF 
recurrence. There is, for example, vast data suggesting larger 
atrial dimensions/volume is associated with higher risk of 
AF recurrence after ablation [27].

Apart from the dimensions, the shape of the LA roof 
also has an important role; in patients with more flattened 
atrial roof, usually more additional applications beyond the 
pulmonary veins are needed [28].

INTRACARDIAC THROMBUS

Pre-procedural visualization of LAA to exclude the 
presence of intracardiac thrombi is a prerequisite for the 
safe ablation procedure. Catheter maneuvers within the 
LA can lead to detachment and fragmentation of possible 
embolic material, which can result in thromboembolic events 
(TEs) such as transient ischemic attacks (TIAs) and strokes. 
Even though transesophageal echocardiography (TEE) still 
remains the gold standard for LAA thrombi detection, CT 
scanning has proved useful. Still, while Dorenkamp at al. 
reported its good specificity and negative predictive value 
(NPV, both of 98%), they also noted its poor sensitivity 
(20%), and therefore have questioned its reliability for LAA 
thrombi detection [29]. However, according to a recent study 
that used only CT for excluding the presence of thrombo-
embolic material, the effectiveness of AF ablation without 
increasing the risk of TEs was enhanced – the authors 
reported no TEs in 70 consecutive patients undergoing 
CBA procedure [30]. Furthermore, several well-populated 
studies [31-34] reveal that CT shows similar accuracy to 
TEE in LAA thrombi detection. Indeed, in a propensity-
matched multicenter analysis comparing pre-procedural 
use of TEE versus CT (which enrolled 1147 patients), no 
differences were found in the incidence of periprocedural 
strokes between the two methods [31]. In addition, both the 
sensitivity and NPV of the multi-detector computed tomog-
raphy (MDCT) was rated 100%.

As it is particularly recommended to exclude the presence 
of LA/LAA thromboembolic material in patients with low to 
medium risk of TEs, the American Society of Echocardiog-
raphy recommends performing CT scans rather than TEE 
(as a safer alternative) in patients with oropharyngeal and 
esophageal disorders. It is also indicated in patients experi-
encing difficulties/intolerance of esophageal intubation [35].

LEFT ATRIAL APPENDAGE

CT imaging allows assessing the anatomy, volume and 
type of LAA take-off (higher/lower). There are four morpho-
logical variants of LAA: cactus, chicken-wing, cauliflower 
and windsock. Several studies have evaluated the relation-
ship between its shape and the incidence of thromboembolic 
events. Increased trabeculations and smaller LAA orifice 
dimensions are associated with more frequent TEs. This 
observation confirms the earlier claim, that cauliflower 
LAA morphology promotes the occurrence of TIA and 
strokes [36,37]. However, other studies demonstrate that 
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LAA morphology does not have impact on TEs incidence 
[38,39]. These authors have identified higher LAA take-off 
and AF recurrence as the only predictors of periprocedural 
thromboembolic events. 

LAA dimensions may also influence TE risk. Accord-
ingly, some authors have observed that LAA volume (larger 
than 8.8ml according to Zheng et al., and >9.99 ml by Du et 
al.) increases the likelihood of AF recurrences after antral 
RF ablation [40,41]. Furthermore, Patel et al. and Demir et 
al. demonstrated that 30,4% of all patients that underwent 
CT scan before ablation procedure had atypical left atrial 
anatomy (diverticula or accessory appendages) [42,43] (Fig. 
2), while the wall of the left atrium diverticula (LAD) was 
much thinner than that of adjacent LA (0.89±0.46 versus 
2.39±0.83 mm). In addition, research has indicated that 
most LAD are located close to a PV or LAA ostium [44]. 
Detailed information regarding these morphological varia-
tions enables safe maneuvering of the catheters.

Figure 2. A – axial view, B – 3D volume rendering. Left atrial 
diverticulum on the border of the inferior wall and interatrial 
septum

PERICARDIAL FAT IMAGING

Recent reports suggest an important relationship between 
the presence and distribution of pericardial fat and the AF 
incidence, as well as the frequency of arrhythmia recurrence 
after ablation procedure. Herein, pericardial fat is associ-
ated with the prevalence of AF and symptom burden [45]. 
Furthermore, it has an influence on LA volume and directly 
affects the effectiveness of the ablation procedure in long-
term follow-up [46,47].

INTERATRIAL SEPTUM

The access to the left atrium via transseptal puncture is 
a crucial part of AF ablation procedures, due to its possible 
life-threatening complications, including aortic or pericardial 
injury, with subsequent cardiac tamponade in the worst-
case scenario. Pre-procedural CT imaging allows assessing 
the structure, thickness and possible anomalies of the inter-
atrial septum (IAS), such as patent foramen ovale (PFO), 
congenital abnormalities, tumors or tumoral-like processes 
that develop on the IAS and atrial septal aneurysm (ASA) 
– defined by detecting a minimum 10-mm protrusion of 
the LA beyond the IAS into the right atrium (RA) (Fig. 3). 
Kosehan et al. observed that in 8.6% of all patients that had 
undergone cardiac CT scan, PFO was revealed, while 2.3% 

were diagnosed with atrial septal defect (ASD), and ASA 
accompanied ASD in three patients [48,49]. Of note, in some 
cases, the presence of PFO can facilitate the LA access.

Figure 3. Oblique 2D reconstruction. The interatrial septal 
aneurysm with left to right atrium leak

Ziong et al. considers CT to be a practical and efficient 
alternative to transesophageal echocardiography for PFO 
diagnosis [50]. Indeed, pre-procedural CT scan allows to 
accurately plan this element of the procedure and to decide 
whether to apply intracardiac echocardiography (ICE) or 
TEE in cases of anticipated difficulties.

PULMONARY VEINS ANATOMY

In recent years, cryoballoon ablation (CBA) has become 
a widely-used approach in the invasive treatment of atrial 
fibrillation. In terms of safety and long-term effects, CBA 
is comparable with classical point-by-point radiofre-
quency (RF) ablation [51-57]. Moreover, the CBA proce-
dure duration is significantly shorter, with lower number 
of repeated procedures and with less reconnected veins 
[58-65]. However, the AF ablation with cryoballoon tech-
nique is more dependent upon pulmonary veins anatomy. 
In addition, the long-term effectiveness of this technique 
depends on durable PVs isolation, which requires optimal 
cryoballoon catheter adhesion in the PV ostium. What is 
more, currently, one size of cryoballoon catheter (28mm) 
is in practical use, while the shape and dimensions of pul-
monary veins are diverse.

According to Marom et al., LA venous drainage is char-
acterized by greater variability of the right-sided pulmonary 
veins, compared to the left side. In their work, they distin-
guished 6 patterns of right pulmonary veins and 2 types 
of left PVs outflow. They also observed a more frequent 
propensity to atrial arrhythmias in patients who had right 
middle pulmonary vein [66].

Literature data demonstrate that 70% of the population 
has 4 major pulmonary veins. Moreover, approximately 90% 
of all individuals have two pulmonary vein ostia on the right 
side, but in 6%, a larger number (3 to 5) is present, and a 
right-sided single ostium occurs in 3% of the general popula-
tion. Observational studies confirm much lower variability 
of venous drainage pattern on the left side. Depending on 
the studied population, two ostia occur in 59-86% of all 
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people, and a common left pulmonary trunk was observed 
in 14-41% of all patients [67].

PULMONARY VEINS GEOMETRY

Pulmonary vein ovality index (OI) is an attractive, ingen-
uous parameter evaluated in several studies. It is defined as 
a ratio of the maximum (Dmax) and minimum (Dmin) diameter 
of the pulmonary vein ostium, and is most often calculated 
with the following formula: OI = Dmax/Dmin [68] (Fig. 4.). 
The left-sided pulmonary veins (LSPVs) have higher ovality 
indice – they are more oval than right-sided pulmonary veins 
(RSPVs), and the left inferior PV (LIPV) is the most flat-
tened vein [69,70].

Figure 4. Evaluation of the pulmonary vein ostium dimensions  
in CT – oblique short axis plane

Sorgente et al. state that the degree of occlusion during 
cryoballoon PVI is dependent on the ovality index only for 
LSPVs, and in patients with higher OI on the left side, more 
frequent AF recurrences were observed following CBA [71]. 
This relationship, however, was not demonstrated for right-
sided pulmonary veins [72]. It seems obvious that the more 
circular ostium facilitates seamless catheter adhesion, and 
consequently creation of bidirectional electrical conduction 
block.

In the recently published study by Boussoussou et al., 
the authors revealed that RSPV diameter is associated with 
a higher rate of successful right-sided first-pass isolation 
[73]. Additionally, according to another recent paper, only 
the larger LA volume index and variant PVs anatomy are 
independently associated with increased risk of AF recur-
rence [74]. The PV ostium orientation in the frontal plane 
may also have effect on complete vein closure. As reported 
by Sorgente at al., less horizontal pulmonary veins orienta-
tion is related with a greater degree of occlusion [71].

The available studies, including our recently published 
paper, indicate that the presence of common left pulmonary 

trunk is not a contraindication to cryoballoon ablation 
[70,71]. In patients with this anatomical variant, similar 
long-term results were obtained to groups with normal 
branching [69]. In a similar vein, interested results were 
published by Ronsoni et al. – as indicated in their study, 
left common pulmonary vein was associated with lower rate  
of arrhythmia recurrence [75].

One of the possible mechanisms underlying AF ablation 
failure is the electrical conduction over the Marshall bundle 
and epicardial connections between the right-sided PV 
carina and right atrium (RA). According to Hanaki et al.,  
a shorter interatrial distance for right-sided PVs and  
a smaller PV ostium for left-sided PVs are associated with 
AF recurrences. The authors postulated in this case that addi-
tional carina ablation may be necessary [76].

Pulmonary vein geometry is an important parameter, 
since CBA can be dependent on PVs anatomy. It is well 
known that the biggest challenge during PVI procedure is to 
achieve right inferior pulmonary vein isolation. This is due 
to the fact that the ostium of rigt inferior pulmonary vein 
(RIPV) is located not only close, but also posterior to the 
interatrial septum, and often causes difficulties in precise 
catheter maneuvering.

Kajiama et al. confirmed that shorter length of the pul-
monary vein trunk from ostium to the bifurcation is associ-
ated with the need for multiple attempts to achieve adequate 
vessel occlusion. Interestingly, in the case of LSPV, longer 
PV ostium distance to the branching (>26.1 mm), thinner left 
lateral ridge (<4.7 mm) and higher ovality index (>50.5%) 
are factors predicting poor CBA outcome [72]. 

According to Baran et al., the area of pulmonary veins 
ostium also correlates with the long-term effect of cryobal-
loon ablation [77]. The bigger size may impede the vessel 
closure and additional catheter maneuvers or repeated 
cryoenergy applications may be needed. At the same time, 
it can increase the risk of both phrenic nerve palsy and pul-
monary vein stenosis, resulting from cryoenergy delivery 
deep in the vein. 

Another study, performed with a second-generation 
cryoballoon, demonstrated that the angle between the right 
inferior and right superior pulmonary vein is an important 
parameter related to CBA outcome. Optimal conditions 
for obtaining effective vein occlusion and isolation occur  
at angulation between 40,1° and 79,7° [78]. Another report 
demonstrates that ventral-caudal orientation of left superior 
pulmonary vein and ventral-caudal LIPV orientation are 
associated with AF recurrence [79].

CONCLUSIONS

Anatomical parameters of the left atrium assessed pre-
procedurally by MDCT are important for adequate patient 
qualification and safety of AF ablation procedure. Addition-
ally, with detailed information regarding the LA anatomy, 
we can predict possible difficulties and precisely plan the 
procedure strategy. The morphology of the left atrium and 
pulmonary veins also allows anticipating the long-term 
ablation outcomes. Additionally, computed tomography is 
a useful tool for evaluation of possible PVI complications. 
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