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Abstract
Aims: Interventional left atrial appendage closure (LAAC) is routinely performed under both echocardio-
graphic and angiographic guiding. However, adverse outcomes, e.g., kidney injury and cerebral embolism, 
might be associated with injections of contrast agent into the LAA. Therefore, this prospective registry 
investigated the safety and feasibility of LAAC without the support of angiographic images as the default 
approach.

Methods and results: This single-centre registry included a total of 46 non-selected, consecutive patients. 
In the first 25 patients (54%), LAAC with the Amulet device was performed routinely with LAA angio-
graphy prior to implantation and after release of the device. The following 21 patients (46%) were treated 
without the use of contrast agent. The combination of successful implantation and lack of procedural com-
plications was regarded as the primary endpoint. Procedure time, number of recapture manoeuvres, change 
of device size, compression, leakage, dose area product and late thrombosis on the device were investigated 
as secondary endpoints. Besides the longer fluoroscopy time and duration of the procedure in the group 
using angiography, no significant differences could be found. Major complications occurred equally often 
in both cohorts.

Conclusions: Interventional LAAC with the Amulet device can be performed safely without the use of 
contrast agent. This approach might help to enhance the use of LAAC in patients at high risk of contrast-
induced nephropathy and procedural stroke.
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Abbreviations
AF atrial fibrillation
CKD chronic kidney disease
CT computed tomography
LAA left atrial appendage
LAAC left atrial appendage closure
NOAC novel oral anticoagulants
OAC oral anticoagulation
LCx left circumflex coronary artery
TOE transoesophageal echocardiography
TSP transseptal puncture

Introduction
Atrial fibrillation is the underlying cause of 15-20% of all strokes, 
with more than 90% of these resulting from thromboembolic 
events originating in the left atrial appendage (LAA)1. Oral anti-
coagulation (OAC) has been shown to be very effective in pre-
venting these thromboembolic events2-4. However, a significant 
number of patients at risk for embolic stroke are not treated prop-
erly with OAC for various reasons including poor compliance or 
high risk of bleeding events5,6. Two large randomised controlled 
trials (PROTECT AF, PREVAIL) and data from several registries 
have shown that left atrial appendage closure (LAAC) is an equi-
valent, effective and safe concept in terms of stroke prevention 
in atrial fibrillation7-13. The results of a recent international ques-
tionnaire displayed a high level of confidence in LAAC amongst 
interventional cardiologists surveyed. The majority believed the 
procedure to be as effective as OAC in terms of stroke prevention 
and safer in terms of bleeding risk14.

In daily clinical practice, the majority of patients treated with 
LAAC have a relative or absolute contraindication to OAC, such 
as previous major bleeding or a high bleeding risk13. Another 
important subgroup is patients with chronic kidney disease (CKD) 
who are unsuitable for the novel oral anticoagulants (NOAC) and 
at the same time carry an elevated risk of stroke15 and bleeding 
events16,17. This situation leads to a clinical dilemma and makes 
LAAC a viable option for stroke prevention in this particular sub-
group. However, the use of contrast agent for angiography and/or 
cardiac computed tomography (CT) prior to or during LAAC poses 
the risk of contrast-induced nephropathy18, which might hinder the 
referral of these patients for LAAC and thereby leave them with 
a high risk of thromboembolic or bleeding events. For this special 
subgroup of patients, it is desirable to avoid the use of contrast 
agent during LAAC, as well as to abandon the CT scan prior to 
the procedure.

In this study we investigated the hypothesis that LAAC with-
out angiography of the LAA and CT imaging is feasible and safe.

Methods
PATIENT POPULATION
The analysed data originate from a single-centre cohort study con-
taining patients who underwent percutaneous LAAC, performed 
using the AMPLATZER™ Amulet™ Left Atrial Appendage 

Occluder (St. Jude Medical, St. Paul, MN, USA) between 
December 2014 and January 2016. Procedure and device were 
approved, clinically indicated and followed the Declaration of 
Helsinki guidelines. Patients gave their written consent. Data 
evaluation was authorised by the ethics committee (Ethik-
Kommission der Ärztekammer Hamburg, Bearb.-Nr: WF-32/16).

Clinical, procedural and outcome variables were collected for 
46 patients. Indications for LAAC were at the implanting phy-
sician’s discretion and followed the current European Society of 
Cardiology (ESC) and local institutional guidelines19-21, including 
absolute or relative contraindications to OAC or excessive risk of 
both bleeding and thromboembolic events.

In this study, 25 consecutive patients were treated with the use 
of angiography compared to 21 consecutive patients who were 
treated afterwards without the use of contrast agent. The change of 
imaging strategy from dual mode to single mode was chosen arbi-
trarily after an internal review of the study protocol in April 2015.

The primary endpoint was the combination of successful 
implantation and the lack of procedural complications (mortality, 
stroke/TIA/peripheral embolism, systemic embolism, pericardial 
effusion/tamponade, bleeding, access-related complications, or 
any device-related complication). Secondary endpoints were pro-
cedure time, number of recapture manoeuvres, change of device 
size, compression, leakage, dose area product, late thrombosis on 
the device and device embolism in the first three months.

CHARACTERISTICS OF THE OCCLUSION DEVICE
We focused on the AMPLATZER Amulet Left Atrial Appendage 
Occluder because it appeared to be a safely implantable and less 
traumatic device for our pilot study. It is a transcatheter self-
expanding device with two flexible components, the proximal 
disc and the distal lobe, connected by a central waist. This device 
is made out of nitinol mesh with Dacron patches sewn into the 
lobe and disc. It is available in eight sizes (16, 18, 20, 22, 25, 
28, 31 or 34 mm corpus diameter; 7.5 or 10 mm length). The 
diameter of the proximal disc is 6 to 7 mm larger than the lobe 
diameter. Depending on the device size, the Amulet lobe has 12, 
16 or 20 stabilising wires to anchor in the LAA. It is installed to 
a delivery catheter and can be recaptured after positioning. The 
delivery catheter tip is blunt. The catheter also allows injection 
of contrast agent into the LAA and proximal to the device in 
order to facilitate accurate placement and angiographic assess-
ment of leakage22.

PROCEDURE
All procedures were performed under conscious sedation by 
two operators with two- and three-dimensional transoesophageal 
echocardiography (TOE) (iE33 and EPIQ 7 ultrasound system; 
Philips Healthcare, Andover, MA, USA) and in 25 cases addi-
tionally with angiographic guidance (Figure 1). CT data were not 
collected in either group. After transseptal puncture (TSP) under 
TOE guidance, the patients received intravenous heparin in order 
to maintain an activated clotting time >250 seconds.
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As recommended in the expert consensus approach described 
by Tzikas et al23, the sheath was introduced into the LAA under 
echocardiographic and fluoroscopic guidance. In the first 25 cases 
contrast medium was injected through the sheath, which was posi-
tioned at the level of the LAA ostium and angiographic pictures were 

Figure 1. Fluoroscopic and angiographic imaging. A) Contrast 
agent application for the presentation of LAA morphology. 
B) Positioning the partly extended Amulet device in the landing zone. 
C) Full expansion of the device. D) Injection of contrast agent shows 
effective LAA occlusion. LAA: left atrial appendage

Figure 2. Transoesophageal imaging. A) Puncture needle tenting the interatrial septum in the fossa ovalis. B) Measuring landing zone 
diameter 10 mm distal to the LCx. C) Biplane view of implanted Amulet device. D) Colour Doppler signal showing missing flow in the LAA. 
LAA: left atrial appendage; LCx: left circumflex coronary artery

recorded typically in a right anterior oblique (RAO) 30°/cranial 20° 
and an RAO 30°/caudal 20° view. Fluoroscopy was used in all cases.

In TOE the LAA landing zone was evaluated in multiple planes 
(mainly 0°, 45°, 90°, 135°) 10 mm distal to the left circumflex 
coronary artery (LCx), as this usually predicts the actual landing 
zone best suited for the Amulet device. Maximum and minimum 
diameters were recorded, measured edge to edge. The device size 
was chosen to be 3 to 5 mm larger than the mean diameter of the 
LAA landing zone. Additional angiographic measurements in the 
first cohort were comparable with the TOE measurements and did 
not influence the selection of device size.

A stable implantation was achieved when: a) the compression of 
the device lobe was sufficient, b) the axis of the device lobe was in 
line with the axis of the LAA neck, c) the disc was concavely shaped 
and affixed to the atrial wall, d) separation between the device lobe 
and disc was visible, e) two thirds of the device lobe was positioned 
distal to the LCx in the LAA, and f) the disc met manual stability 
criteria (pull and tug) (Figure 2). In the angiographic group, contrast 
agent was injected through the sheath to confirm the correct device 
positioning and the effective LAA occlusion. After meeting these 
criteria, the device was released (Figure 3). Standard post-procedural 
treatment included dual platelet inhibition (aspirin and clopidogrel) 
until control TOE after three months. Other treatment strategies 
were determined individually based on a higher risk of embolism.

FOLLOW-UP
All patients were scheduled for follow-up TOE and assessment of 
clinical endpoints three months after implantation. In the absence 
of device-related thrombi or peri-device leakages, patients were 
switched to aspirin monotherapy.
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DATA ANALYSIS
Statistical analysis was conducted using SigmaPlot 11.0 (Systat 
Software, Inc., San Jose, CA, USA). The results were expressed 
as mean±standard deviation (SD) for normally distributed data. 
Event rates were displayed as percentages. Continuous variables 
that were not normally distributed were expressed as medians. 
Comparisons between groups were performed using unpaired 
t-tests or Mann-Whitney rank-sum tests for continuous variables, 
and chi² or Fisher’s exact tests for categorical variables. Results 
were defined to be statistically significant at a p-value <0.05.

Results
A total of 46 patients with non-valvular atrial fibrillation, 
CHA2DS2-VASc score ≥2 and relative or absolute contraindica-
tions to OAC therapy who were treated with the Amulet device 
between December 2014 and January 2016 were included in the 
registry. The baseline characteristics are displayed in Table 1. 
Apart from age, there was no significant difference in the two ana-
lysed groups.

The device was successfully implanted in all patients 
(Table 2). The diameter of the LAA landing zone did not vary 
between the groups and median device size was 25 mm for both 
groups. The amount of contrast agent (Imeron® 350; Bracco 
Imaging S.p.A., Milan, Italy) used in the angiography cohort 
was 76 (±50) ml. The procedure time was measured from TSP 
to the end of the procedure and showed a significant difference 

Figure 3. 3D transoesophageal imaging. A) Measurements of the landing zone diameter. B) Sheath aimed perpendicular to the LAA ostium 
(white arrow) after transseptal puncture. C) Successfully implanted Amulet device before release from the delivery catheter. LAA: left atrial 
appendage

Table 1. Baseline characteristics (n=46).

LAAC with 
contrast agent 

(n=25)

LAAC without 
contrast agent 

(n=21)

Signifi-
cance 

(p-value)

Age, years 74.0±7.3
(median: 77)

79.0±3.4
(median: 79) 0.009

Sex Female 8 (32.0%) 5 (23.8%) 0.278

Atrial 
fibrillation

Paroxysmal 10 (40.0%) 9 (42.9%)

0.536Persistent 10 (40.0%) 5 (23.8%)

Permanent 5 (20.0%) 7 (33.3%)

Sinus rhythm (at time of 
implantation) 13 (52.0%) 13 (61.9%) 0.513

CHA2DS2-VASc score 4 (median) 5 (median) 0.441

Prior stroke (incl. TIA/ICB) 8 (32.0%) 6 (28.6%)

HAS-BLED score 4 (median) 4 (median) 0.588

Indication Prior bleeding 13 (52.0%) 9 (42.9%) 0.549

High risk 12 (48.0%) 12 (57.1%) 0.991

ICB: intracranial bleeding; LAAC: left atrial appendage closure; 
TIA: transient ischaemic attack
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Figure 4. Comparison of procedure time, fluoroscopy time and dose area product between the groups with and without using contrast agent.

between groups (37.6±16.6 min vs. 27.6±9.2 min; p=0.044). In 
addition, fluoroscopy time was significantly longer in the first 
cohort (12.3±6.1 vs. 7.9±2.9 min; p=0.018). The dose area prod-
uct did not vary between the cohorts (3,504±2,661 cGy/cm2 vs. 
2,338±2,009 cGy/cm2) (Figure 4).
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atrioventricular block III° and was managed by single-shot injection 
of epinephrine (0.4 mg) and atropine (1 mg). Another patient devel-
oped a relevant haematoma at the puncture site (BARC type 2).

In the group without contrast agent, one patient had a procedural 
pericardial tamponade which was successfully managed by peri-
cardiocentesis. There was no repositioning of the device during 
the procedure. Furthermore, one patient developed post-procedural 
haematemesis (BARC type 3a), most likely caused by a laceration 
trauma from the TOE probe which was positioned in mid-oesoph-
agus during the complete procedure. In this case, gastrointestinal 
bleeding was also the indication for LAAC. Endoscopy showed 
long-segment oesophageal ulcerations. After a fasting period, 
high-dose proton pump inhibitor therapy and transfusion of three 
packed red blood cells, healing was achieved.

The majority of patients were discharged on dual platelet inhi-
bition (aspirin and clopidogrel). One patient in each group was 
still treated with warfarin and one patient in each group received 
NOAC because of excessive risk of embolism. Follow-up data, 
including TOE imaging at three months after the procedure, were 
available for 38 out of 46 patients (83%) and are presented in 
Table 3. Two patients in the angiography group showed cardio-
vascular events such as bleeding under dual platelet inhibition 
as did one patient in the group not using contrast agent. Neither 
stroke nor device embolism was documented in either cohort. Late 
thrombus formation on the device was documented for one patient 
from each group. Both patients received oral anticoagulation for 
at least 12 weeks. A remaining insignificant gap (<5 mm) was 
documented in four patients in the angiography group and in three 
patients in the contrast-free group. Here the medication was con-
tinued longer with aspirin and clopidogrel. All other patients were 
switched to aspirin monotherapy indefinitely.

Table 3. Follow-up data (n=38).

LAAC with 
contrast agent 

(n=21)

LAAC without 
contrast agent 

(n=17)

Lost to follow-up 4 4

Thrombus 1 1

Device embolism 0 0

Gap 4 3

Stroke/TIA 0 0

Bleeding 2 1

DAPT: dual antiplatelet therapy; LAAC: left atrial appendage closure; 
NOAC: novel oral anticoagulants; TIA: transient ischaemic attack

Table 2. Procedure details (n=46).

LAAC with 
contrast agent 

(n=25)

LAAC without 
contrast agent 

(n=21)

Signifi-
cance 

(p-value)

Size of device (mm) 23.7±4.3 
(median: 25)

25.5±4.0 
(median: 25) 0.142

Landing zone diameter* 
(mm) 20.1±4.1 21.0±5.0 0.570

Compression (%) 17.0 17.6 0.718

Dose of heparin (IU) 9,166.7
±2,823.3

9,000.0
±2,052.0 0.674

Successful implantation (n) 25 (100.0%) 21 (100.0%)

Recapture (n) 14 (56.0%) 6 (28.6%) 0.066

Change of device size (n) 5 (20.0%) 2 (9.5%) 0.339

Procedure time** (min) 37.6±16.6 27.7±9.2 0.044

Amount of contrast agent 
(Imeron 350) (ml) 76.2±49.7 0 <0.001

Fluoroscopy time (min) 12.3±6.1 7.9±2.9 0.018

Dose area product 
(cGy/cm2)

3,503.5
±2,660.5

2,337.2
±2,008.8 0.081

Complica-
tions (n)

Total 2 (8.0%) 2 (9.3%)

0.874

Mortality 0 0

Stroke/TIA/
peripheral 
embolism

0 0

Coronary air 
embolism 1 0

Systemic 
embolism 0 0

Pericardial 
effusion/
tamponade

0 1

Bleeding 1 1

Device-related 
complications 0 0

Discharge 
medication

DAPT 23 19

Warfarin 1 1

NOAC 1 1

*Landing zone diameter was measured in 4 planes (0°, 45°, 90°, 135°) 
and mean value was calculated. **Procedure time was measured in 
transoesophageal echocardiography from transseptal puncture to the end 
of the procedure. DAPT: dual antiplatelet therapy; LAAC: left atrial 
appendage closure; NOAC: novel oral anticoagulants; TIA: transient 
ischaemic attack

In the angiography group, recapturing of the device was neces-
sary in 14 patients (56%), in the other group in six patients (28%). 
Change of device size was necessary in five (20%) versus two 
(9%) patients.

With respect to the primary outcome, no significant difference 
between the two cohorts could be found. Implantation was success-
ful in all patients and procedural complications occurred equally 
often, in two patients in each group (8.0 vs. 9.3%; p=0.874).

In the contrast agent cohort, one complication was an air 
embolism into the right coronary artery, which led to temporary 

Discussion
This observational pilot study demonstrates that the additional 
use of contrast agent might not be obligatory in LAA occlu-
sion. In our cohort, with 21 patients, the procedure was safe 
and feasible using fluoroscopic and echocardiographic guidance 
only. Furthermore, our objective is to address the simplifica-
tion of LAAC by encouraging implanting physicians not only to 
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consider contrast-free implantation in certain patients but also to 
forego preprocedural CT imaging.

Several studies have found evidence that echocardiography in 
addition to angiography is a suitable imaging procedure for percu-
taneous LAAC24-26. Furthermore, it has been shown that LAAC in 
general is a safe procedure with an acceptable incidence of peri-
interventional complications. Despite the lack of randomised tri-
als, registries have shown that Amulet devices have a favourable 
early outcome27-29.

Our data displayed a total complication rate of 8.7% (peripro-
cedural and post-procedural) without a significant difference 
between the investigated groups. The only complication described, 
which might have resulted from imaging quality, was the peri-
cardial tamponade. There is a risk of LAA injury while performing 
LAA angiography due to the sheath. However, this complication 
occurred in the group without angiographic guidance and showed 
no statistical significance.

A device-related complication, thrombus formation, is a well-
described incident after LAAC with the Amulet device. Two 
patients (5.3%) out of our 38 follow-up patients revealed this 
adverse event, which is in line with prior published experiences 
from large-scale series30,31. As both patients had a successful 
device implantation with good positioning of the plate, the imag-
ing modalities during the procedure did not have any influence 
on this complication. The thrombus dissolved completely in both 
cases after OAC treatment. Device embolism32,33 did not occur in 
either group.

From a general perspective, a lack of increase in complications or 
other clinically relevant events might have been caused by the learn-
ing curve of the operators refining this implantation technique. As 
operators get more expertise, recapturing and changing the device 
size becomes less frequent, potentially lowering complication rates. 
However, the overall learning curve was rather flat because the 
operators had implanted over 100 devices before starting this study.

LAAC can dramatically lower the rate of thromboembolic 
events or major bleedings, which is especially important for 
patients with chronic kidney disease, who have a much higher risk 
at baseline. While a study by Kefer and al12 did not show any 
significant difference in the procedural safety of LAAC (using 
the AMPLATZER™ Cardiac Plug; St. Jude Medical) for patients 
with or without prior renal impairment, it is likely that patients 
with critical renal function were not taken into account for the 
procedure. A contrast-free implantation approach might help more 
patients to be considered for this form of embolic protection.

In our opinion, LAAC without additional angiographic guid-
ance should be performed for all patients who have relevant or 
absolute contraindications to contrast agent use and have suffi-
cient echocardiographic imaging quality. However, angiographic 
assessment of LAA size and anatomy is still the gold standard and 
should be part of the standard approach in all suitable patients. 
In patients with complicated LAA anatomy, i.e., multiple lobes or 
poor echocardiographic imaging quality, angiography is still nec-
essary and helpful.

Limitations
The main limitation of this study is the small number of patients 
which results in a low statistical power. However, this investiga-
tion was able to demonstrate that the contrast-free approach may 
enrich the opportunities of implantation techniques available to the 
implanting physicians treating patients with chronic kidney dis-
ease. Thus, it should only be performed by experienced operators.

As the main priority of this study was to demonstrate feasibility 
of this new technique, future studies with a greater patient collec-
tive and strict inspection of renal function parameters in a ran-
domised fashion need to prove the benefit of our approach on 
kidney function.

A distinct advantage of angiography-free guidance is the absence 
of nephrotoxic effects associated with contrast agent. In addition, 
omitting injections into the LAA might reduce cerebral embolism 
based on spontaneous echo contrast, sludge and thrombus forma-
tion in the LAA34. The study of Rillig et al shows that the num-
ber of LAA angiographies during LAAC is associated with the 
incidence and number of acute brain lesions35. Our series was too 
small to draw conclusions on clinical endpoints such as peripro-
cedural stroke. Therefore, it remains hypothetical whether neuro-
cognitive deficits could be reduced by angiography-free guidance.

Conclusions
This observational pilot study demonstrates the safety and feasi-
bility of interventional LAAC without the support of angiographic 
imaging of the LAA. However, future research with larger popu-
lation groups is needed to underscore these findings and increase 
the statistical power.

Impact on daily practice
Patients with chronic kidney disease are frequently found in 
routine clinical practice. As these patients are often unsuit-
able for NOAC therapy but have an elevated risk of stroke and 
bleeding events, LAAC is an alternative. Because of relative 
or absolute contraindications to contrast agent, we suggest per-
forming LAAC only with fluoroscopic and echocardiographic 
guidance.

Conflict of interest statement
F. Meincke and A. Ghanem received honoraria as proctors from 
St. Jude Medical. The other authors have no conflicts of interest 
to declare.

References
 1. Go AS, Hylek EM, Phillips KA, Chang Y, Henault LE, 
Selby JV, Singer DE. Prevalence of diagnosed atrial fibrillation in 
adults: national implications for rhythm management and stroke 
prevention: the AnTicoagulation and Risk Factors in Atrial 
Fibrillation (ATRIA) Study. JAMA. 2001;285:2370-5.
 2. [No authors listed]. Stroke Prevention in Atrial Fibrillation 
Study. Final results. Circulation. 1991;84:527-39.



132

A
siaIntervention 2

0
1
8

;4
:12

6
-13

3 

 3. Boston Area Anticoagulation Trial for Atrial Fibrillation 
Investigators, Singer DE, Hughes RA, Gress DR, Sheehan MA, 
Oertel LB, Maraventano SW, Blewett DR, Rosner B, Kistler JP. 
The effect of low-dose warfarin on the risk of stroke in patients with 
nonrheumatic atrial fibrillation. N Engl J Med. 1990;323:1505-11.
 4. Toth PP. Stroke prevention in patients with atrial fibrillation: 
focus on new oral anticoagulants. Postgrad Med. 2013;125: 
155-61.
 5. Camm AJ, Accetta G, Ambrosio G, Atar D, Bassand JP, 
Berge E, Cools F, Fitzmaurice DA, Goldhaber SZ, Goto S, Haas S, 
Kayani G, Koretsune Y, Mantovani LG, Misselwitz F, Oh S, 
Turpie AGG, Verheugt FWA, Kakkar AK; GARFIELD-AF 
Investigators. Evolving antithrombotic treatment patterns for 
patients with newly diagnosed atrial fibrillation. Heart. 2017;103: 
307-14.
 6. Deplanque D, Leys D, Parnetti L, Schmidt R, Ferro J, De 
Reuck J, Mas JL, Gallai V; SAFE II Investigators. Stroke preven-
tion and atrial fibrillation: reasons leading to an inappropriate man-
agement. Main results of the SAFE II study. Br J Clin Pharmacol. 
2004;57:798-806.
 7. Holmes DR Jr, Kar S, Price MJ, Whisenant B, Sievert H, 
Doshi SK, Huber K, Reddy VY. Prospective randomized evaluation 
of the Watchman Left Atrial Appendage Closure device in patients 
with atrial fibrillation versus long-term warfarin therapy: the 
PREVAIL trial. J Am Coll Cardiol. 2014;64:1-12.
 8. Meincke F, Schmidt-Salzmann M, Kreidel F, Kuck KH, 
Bergmann MW. New technical and anticoagulation aspects for left 
atrial appendage closure using the WATCHMAN® device in 
patients not taking warfarin. EuroIntervention. 2013;9:463-8.
 9. Park JW, Bethencourt A, Sievert H, Santoro G, Meier B, 
Walsh K, Lopez-Minguez JR, Meerkin D, Valdés M, Ormerod O, 
Leithäuser B. Left atrial appendage closure with Amplatzer cardiac 
plug in atrial fibrillation: initial European experience. Catheter 
Cardiovasc Interv. 2011;77:700-6.
 10. Reddy VY, Doshi SK, Sievert H, Buchbinder M, Neuzil P, 
Huber K, Halperin JL, Holmes D; PROTECT AF Investigators. 
Percutaneous left atrial appendage closure for stroke prophylaxis in 
patients with atrial fibrillation: 2.3-Year Follow-up of the 
PROTECT AF (Watchman Left Atrial Appendage System for 
Embolic Protection in Patients with Atrial Fibrillation) Trial. 
Circulation. 2013;127:720-9.
 11. Urena M, Rodés-Cabau J, Freixa X, Saw J, Webb JG, 
Freeman M, Horlick E, Osten M, Chan A, Marquis JF, Champagne J, 
Ibrahim R. Percutaneous left atrial appendage closure with the 
AMPLATZER cardiac plug device in patients with nonvalvular 
atrial fibrillation and contraindications to anticoagulation therapy. 
J Am Coll Cardiol. 2013;62:96-102.
 12. Kefer J, Tzikas A, Freixa X, Shakir S, Gafoor S, Nielsen-
Kudsk JE, Berti S, Santoro G, Aminian A, Landmesser U, 
Nietlispach F, Ibrahim R, Danna PL, Benit E, Budts W, Stamen F, 
De Potter T, Tichelbäcker T, Gloekler S, Kanagaratnam P, Costa M, 
Cruz-Gonzalez I, Sievert H, Schillinger W, Park JW, Meier B, 
Omran H. Impact of chronic kidney disease on left atrial appendage 

occlusion for stroke prevention in patients with atrial fibrillation. 
Int J Cardiol. 2016;207:335-40.
 13. Tzikas A, Shakir S, Gafoor S, Omran H, Berti S, Santoro G, 
Kefer J, Landmesser U, Nielsen-Kudsk JE, Cruz-Gonzalez I, 
Sievert H, Tichelbäcker T, Kanagaratnam P, Nietlispach F, 
Aminian A, Kasch F, Freixa X, Danna P, Rezzaghi M, Vermeersch P, 
Stock F, Stolkova M, Costa M, Ibrahim R, Schillinger W, Meier B, 
Park JW. Left atrial appendage occlusion for stroke prevention in 
atrial fibrillation: multicentre experience with the AMPLATZER 
Cardiac Plug. EuroIntervention. 2016;11:1170-9.
 14. Santucci A, Byrne RA, Baumbach A, Colleran R, Haude M, 
Windecker S, Valgimigli M. Appraising the safety and efficacy pro-
file of left atrial appendage closure in 2016 and the future clinical 
perspectives. Results of the EAPCI LAAC survey. EuroIntervention. 
2016;12:112-8.
 15. Fraser SD, Taal MW. Multimorbidity in people with chronic 
kidney disease: implications for outcomes and treatment. Curr 
Opin Nephrol Hypertens. 2016;25:465-72.
 16. Olesen JB, Lip GY, Kamper AL, Hommel K, Køber L, 
Lane DA, Lindhardsen J, Gislason GH, Torp-Pedersen C. Stroke 
and bleeding in atrial fibrillation with chronic kidney disease. 
N Engl J Med. 2012;367:625-35.
 17. Reinecke H, Brand E, Mesters R, Schäbitz WR, Fisher M, 
Pavenstädt H, Breithardt G. Dilemmas in the management of atrial 
fibrillation in chronic kidney disease. J Am Soc Nephrol. 2009; 
20:705-11.
 18. Sudarsky D, Nikolsky E. Contrast-induced nephropathy in 
interventional cardiology. Int J Nephrol Renovasc Dis. 2011;4: 
85-99.
 19. Lip GY, Dagres N, Proclemer A, Svendsen JH, Pison L, 
Blomstrom-Lundqvist C; Scientific Initiative Committee, European 
Heart Rhythm Association. Left atrial appendage occlusion for 
stroke prevention in atrial fibrillation in Europe: results of the 
European Heart Rhythm Association survey. Europace. 2013;15: 
141-3.
 20. Meier B, Blaauw Y, Khattab AA, Lewalter T, Sievert H, 
Tondo C, Glikson M; Document Reviewers. EHRA/EAPCI expert 
consensus statement on catheter-based left atrial appendage occlu-
sion. Europace. 2014;16:1397-416.
 21. Pison L, Potpara TS, Chen J, Larsen TB, Bongiorni MG, 
Blomström-Lundqvist C; Scientific Initiative Committee, European 
Heart Rhythm Association. Left atrial appendage closure-indica-
tions, techniques, and outcomes: results of the European Heart 
Rhythm Association Survey. Europace. 2015;17:642-6.
 22. Freixa X, Chan JL, Tzikas A, Garceau P, Basmadjian A, 
Ibrahim R. The Amplatzer™ Cardiac Plug 2 for left atrial append-
age occlusion: novel features and first-in-man experience. 
EuroIntervention. 2013;8:1094-8.
 23. Tzikas A, Gafoor S, Meerkin D, Freixa X, Cruz-Gonzalez I, 
Lewalter T, Saw J, Berti S, Nielsen-Kudsk JE, Ibrahim R, 
Lakkireddy D, Paul V, Arzamendi D, Nietlispach F, Worthley SG, 
Hildick-Smith D, Thambo JB, Tondo C, Aminian A, Kalarus Z, 
Schmidt B, Sondergaard L, Kefer J, Meier B, Park JW, Sievert H, 



133

Interventional LAA closure without contrast agent
A
siaIntervention 2

0
1
8

;4
:12

6
-13

3  

Omran H. Left atrial appendage occlusion with the AMPLATZER 
Amulet device: an expert consensus step-by-step approach. 
EuroIntervention. 2016;11:1512-21.
 24. Berti S, Paradossi U, Meucci F, Trianni G, Tzikas A, 
Rezzaghi M, Stolkova M, Palmieri C, Mori F, Santoro G. 
Periprocedural intracardiac echocardiography for left atrial append-
age closure: a dual-center experience. JACC Cardiovasc Interv. 
2014;7:1036-44.
 25. Chue CD, Giovanni J, Steeds RP. The role of echocardio-
graphy in percutaneous left atrial appendage occlusion. Eur 
J Echocardiogr. 2011;12:i3-10.
 26. Wang DD, Forbes TJ, Lee JC, Eng MH. Echocardiographic 
Imaging for Left Atrial Appendage Occlusion: Transesophageal 
Echocardiography and Intracardiac Echocardiographic Imaging. 
Interv Cardiol Clin. 2018;7:219-28.
 27. Koskinas KC, Shakir S, Fankhauser M, Nietlispach F, 
Attinger-Toller A, Moschovitis A, Wenaweser P, Pilgrim T, 
Stortecky S, Praz F, Räber L, Windecker S, Meier B, Gloekler S. 
Predictors of Early (1-Week) Outcomes Following Left Atrial 
Appendage Closure With Amplatzer Devices. JACC Cardiovasc 
Interv. 2016;9:1374-83.
 28. Lam SC, Bertog S, Gafoor S, Vaskelyte L, Boehm P, Ho RW, 
Franke J, Hofmann I, Sievert H. Left atrial appendage closure using the 
Amulet device: an initial experience with the second generation 
amplatzer cardiac plug. Catheter Cardiovasc Interv. 2015;85:297-303.
 29. Freixa X, Abualsaud A, Chan J, Nosair M, Tzikas A, 
Garceau P, Basmadjian A, Ibrahim R. Left atrial appendage occlu-
sion: initial experience with the Amplatzer™ Amulet™. Int 
J Cardiol. 2014;174:492-6.

 30. Plicht B, Konorza TF, Kahlert P, Al-Rashid F, Kaelsch H, 
Jánosi RA, Buck T, Bachmann HS, Siffert W, Heusch G, Erbel R. 
Risk factors for thrombus formation on the Amplatzer Cardiac Plug 
after left atrial appendage occlusion. JACC Cardiovasc Interv. 
2013;6:606-13.
 31. Sedaghat A, Schrickel JW, Andrié R, Schueler R, Nickenig G, 
Hammerstingl C. Thrombus Formation After Left Atrial Appendage 
Occlusion With the Amplatzer Amulet Device. JACC Clin 
Electrophysiol. 2017;3:71-5.
 32. Mester P, Dompnier A, Belle L. Asymptomatic migration of 
an AMPLATZER™ Amulet™ left atrial appendage occluder 
through the mitral valve. Catheter Cardiovasc Interv. 2017;90: 
346-9.
 33. González-Santos JM, Arnáiz-García ME, Arribas-Jiménez A, 
López-Rodríguez J, Rodríguez-Collado J, Vargas-Fajardo Mdel C, 
Dalmau-Sorlí MJ, Bueno-Codoñer ME, Arévalo-Abascal RA. 
Amplatzer Amulet left atrial appendage occluder entrapment 
through mitral valve. Can J Cardiol. 2013;29:1532.e5-7.
 34. Meincke F, Spangenberg T, Kreidel F, Frerker C, Virmani R, 
Ladich E, Kuck KH, Ghanem A. Rationale of cerebral protection 
devices in left atrial appendage occlusion. Catheter Cardiovasc 
Interv. 2017;89:154-8.
 35. Rillig A, Bellmann B, Skurk C, Leistner DM, Haeusler KG, 
Lin T, Geran R, Koehler L, Guttmann S, Steffens D, Kasner M, 
Jakob P, Tscholl V, Roser M, Lenz K, Villringer K, Park JW, 
Fiebach JB, Landmesser U. Left atrial appendage angiography is 
associated with the incidence and number of magnetic resonance 
imaging-detected brain lesions after percutaneous catheter-based 
left atrial appendage closure. Heart Rhythm. 2018;15:3-8.


