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Atrial fibrillation (AF) is an important cause of 
morbidity and mortality worldwide. The Framing-
ham study and other studies have demonstrated  
a fivefold increase in overall stroke risk associated 
with AF [1]. Vitamin K antagonists have been 
shown to reduce stroke or systemic thromboem-
bolism by 64% and all-cause mortality by 26%. 
The newer non-vitamin K antagonist oral antico-
agulants give an additional reduction effect with 
better adherence observed. Unfortunately, chronic 
anticoagulation is associated with a significant risk 
of major bleeding. Patients who have contraindica-
tions to anticoagulant treatment may derive benefit 
from left atrial appendage (LAA) occlusion. Tran-
scatheter LAA closure has emerged as a potential 
alternative to oral anticoagulation in AF patients 
and contraindications for long-term oral antico-
agulation. In recent years, it has been reported 
in the literature a few cases of pulmonary artery 
(PA) wall perforation leading to cardiac tamponade 
and even death following by an appendage closure 
using Amplatzer Cardiac Plug (ACP) or Amplatzer 
Amulet Occluder (AAO) [2, 3]. One of those reports 
revealed a close anatomical relationship between 
LAA and PA as the most likely explanation for this 
complication, based on the preprocedural cardiac 
computed tomography (CT) examination [4]. The 
aim of the present study was to assess the anatomi-

cal relationship and the distance between LAA and 
PA by means of electrocardiogram (ECG)-gated CT.

Data of consecutive 55 patients (mean age  
63.1 ± 10.7; 30 females, 25 males), referred to coro- 
nary CT angiography were analysed. Only CT exa- 
minations comprising an entire cardiac cycle analy-
sis were included in the study. All patients were in 
sinus rhythm after having fasted for 3 hours prior to 
the CT scan. The CT was performed during inspira-
tion, scanning from the aortic arch to the diaphragm 
using a 128-row dual source CT scanner (Siemens 
Somatom Flash) with ECG gating. A retrospective 
ECG-triggered scan protocol with temporal resolu-
tion of 75 ms was used. For all patients, 80 mL of 
nonionic contrast medium was injected at rate of 
6 mL/min using a triphasic injection protocol. The 
region of interest was set in the ascendens aorta 
to ensure adequate opacification of the left cardiac 
chambers. Images were reconstructed with a slice 
thickness of 0.6 mm both during ventricular systole 
and diastole. Analysis was performed using axial 
source images and multi-planar reformats. The 
following measurements were taken: the minimal 
distance from the LAA to the PA (minD), the 
distance form LAA ostium to the location of the 
closest proximity of LAA and PA (depth_minD), 
distance from the LAA to the PA measured at  
10 mm (D10) and 15 mm (D15) from the LAA 
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ostium. The distance 10 mm and 15 mm were 
chosen as markers of a potential landing zone for 
LAA occluder devices. All measurements were 
averaged and taken by an experienced in cardiac 
CT radiologist and cardiologist blinded to patient 
clinical data. They were analysed separately during 
ventricular diastole and systole. 

The results are presented in the Figure 1 as  
a scatter plot with marked mean value and stan-
dard deviation. Direct contact of proximal LAA and 
PA defined as the distance between their lumens  
< 1 mm was observed in 8 (14.5%) patients and varied 
from 2 (3.6%) in ventricular diastole up to 6 (10.9%)  
in ventricular systole in a potential landing zone.

There are several case reports describing 
PA perforation following LAA closure, and ma-
jority of them concerned the older ACP device. 
In those situations, there were suggestions that 
small anchors used for device stabilization in some 
situations may have had a higher risk of extend-
ing through the LAA wall and damaging the PA 

wall. In the newer AAO, some parts of the plug 
were redesigned including stabilizing anchors [5]. 
What is interesting, time from plug implantation 
to pulmonary perforation varied from 3 hours [6] 
till 6 months after the procedure [7], what brings 
potential risk to the patient of having cardiac tam-
ponade out of the hospital. The current analysis of 
cardiac anatomy based on CT examinations, con-
firmed close proximity of the pulmonary trunk and 
potential landing zone for occluder devices in LAA 
in a significant number of patients. Direct contact 
of proximal LAA and PA defined as the distance 
between their lumens < 1 mm was observed in  
8 (14.5%) patients. It was significantly lower when 
compared with results of Halkin et al. [6]. Halkin 
et al. [6] found direct contact between LAA and 
PA in 28% of patients qualified to pulmonary vein 
isolation and with AF. The analysis was performed 
during ventricular diastole [6]. In present study 
patients were in sinus rhythm, but patients with 
sinus rhythm with a history of paroxysmal AF 

Figure 1. The distance from left atrial appendage (LAA) to the pulmonary artery (PA); D10 — the distance from the 
LAA to the PA measured at 10 mm from the LAA ostium; D15 — the distance from the LAA to the PA measured at  
15 mm from the LAA ostium; minD — the minimal distance from the LAA to the PA; depth-minD — the distance form 
LAA ostium to the location of the closest proximity of LAA; dia — ventricular diastole; sys — ventricular systole.
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represent a significant number of patients referred 
to LAA occlusion. Good contractility of the LAA 
as the result of underlying sinus rhythm may play 
an important role in facilitating PA perforation in 
those patients [8]. Previous research has shown 
that LAA size significantly depends on loading 
conditions of the LA [9]. Therefore, the present re-
sults could be underestimated when compared with 
real-life conditions, due to the study group fasting 
for 3 hours prior to the CT scan. Analysis herein, 
underlines the importance of careful assessment 
of the anatomical relationships between LAA and 
surroundings structures before implantation of the 
device. Avoiding excessive oversizing seems to be 
an important part of the preprocedural planning in 
patients with direct contact between the atrial ap-
pendage and the PA. In selected patients the choice 
of a different closure device with smaller anchors 
may be the proper option [10]. Cardiac CT is an op-
timal method to achieve the abovementioned goals.

In conclusion, close proximity between the 
PA and a proximal part of the LAA occurs in  
a significant percentage of patients. Cardiac CT can 
be used to optimize risk assessment, procedure 
planning and device selection performed before 
LAA occlusion in relation to the probability of  
a potential PA injury.
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