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ABSTRACT
 OBJECTIVE: To describe the initial experience with Amplatzer Amulet in left atrial appendage occlusion in 
Slovakia. To evaluate procedural effi cacy and safety.
BACKGROUND: Atrial fi brillation increases the risk of stroke. While anticoagulation therapy can reduce the 
risk of stroke, it is associated with bleeding risk and often unsatisfactory prescribed. Most thrombi form in the 
left atrium appendage, hence left atrium appendage occlusion may be a suitable therapeutic alternative for 
these patients. 
METHODS: This is an observational, retrospective, single-centre, case-series study including 30 patients 
with atrial fi brillation at a high risk of stroke, undergoing left atrial appendage occlusion from June 2015 to 
December 2018. 
RESULTS: The left atrial appendage was successfully closed in 29 (96.7 %) patients. Three months 
after the procedure, 4 patients had small leaks (< 2 mm). No complications were reported so far. Prior to 
the procedure, patients mostly received low molecular weight heparin (53.3 %). Three months after the 
procedure, patients mostly received acetylsalicylic acid (60.7 %) and clopidogrel (32.1 %). 
CONCLUSION: Left atrial appendage occlusion was shown to be an effective and safe alternative to 
anticoagulation therapy in patients with atrial fi brillation, at a high risk of stroke and bleeding. The procedure 
is safe, when performed carefully even by less experienced cardiologists (Tab. 6, Fig. 4, Ref. 29). Text in 
PDF www.elis.sk
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Introduction

To date, no other rhythm disorder has attracted as much atten-
tion as  atrial fi brillation (AFib).  It is associated with an increased 
morbidity and mortality, and its treatment is fi nancially demanding. 
Furthermore, AFib is not merely a simple heart rhythm disorder; 
it has also been shown to increase the risk of thromboembolic 
complications. Stroke, regardless of its form (paroxysmal, per-
sistent, or permanent), is one of the most severe thromboembolic 

disorders associated with signifi cant health risks (1). To evaluate 
the stroke-risk in AFib patients, the CHA2DS2VASc scoring sys-
tem was developed (2). However, bleeding is the major adverse 
effect of anticoagulation therapy. The risk of bleeding among pa-
tients receiving anticoagulation therapy can be evaluated with the 
HAS-BLED scoring system (3). The considerable overlap of the 
risk factors used by both the CHA2DS2VASc and HAS-BLED 
scoring systems stresses the narrow risk-benefi t threshold of an-
ticoagulation therapy in AFib patients, which is also refl ected in 
clinical practice. 

Clinically signifi cant emboli originate in the  l eft atrial appen-
dage (LAA) in 91 % and 57 % of cases of patients with non-val-
vular and valvular AFib, respectively (4). Therefore, endocardial 
 left atrial appendage occlusion (LAAO) may be an appropriate 
alternative to anticoagulation therapy in high-risk patients, as it 
signifi cantly decreases the risk of stroke without simultaneously 
increasing the risk of bleeding. Catheter-based LAAO has been 
developing since the turn of the millennium (5). Several types of 
catheter occluders are available, including Watchman (Boston
Scientifi c) and the second generation of   the Amplatzer Cardiac 
Plug (ACP) Amulet (St. Jude Medical), which are the most fre-
quently utilized in clinical practice. 

According to the latest Guidelines of the European Society 
of Cardiology for the management of AFib from 2016, percuta-
neous LAAO may be considered in patients at high risk of stroke 
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with a concurrent contraindication to long-term anticoagulant 
treatment (1).

To date, no Slovak national data on the effectiveness and safety 
of the LAAO procedure have been reported. The current paper 
reports on the initial experience with the ACP Amulet device in 
LAAO at an inpatient hospital setting in one of the leading insti-
tutes for cardiovascular diseases in Slovakia. This retrospective 
study was designed to assess the indication, effectiveness and 
safety of the LAAO procedure and the incidence of complications 
during follow-up in Slovakia at this centre.

Materials and methods

Study population and setting
This study analyses data from 30 AFib patients, who under-

went LAAO from June 2015 to December 2018 at our institute. 
In one patient, LAAO was successfully performed twice to close 
the LAA.  All the patients were thoroughly informed about the pro-
cedure including possible complications and they provided their 
written informed consent prior to the procedure.

 LAAO was indicated if patients met the following inclusion 
criteria: 
1) contraindication of long-term anticoagulation treatment; and
2) CHA2DS2VASc score ≥ 2.

For the pre-procedural imaging of LAA, all the patients un-
derwent transoesophageal echocardiography (TEE) to evaluate: 
the morphology and size of the LAA, and presence of adjacent 
lobes and thrombi in the LAA. Patients were not indicated for the 
LAAO if one the following conditions was confi rmed: 1) adjacent 
lobes in the landing zone; or 2) depth of the LAA < 11 mm. We 
did not use CT examination.

In cases, where LAAO indication was disputable, a consensual 
decision was made by 3 cardiologists specializing in arrhythmo-
logy, structural interventions and echocardiography. The LAAO 
procedure was not indicated in patients, who met at least one of 
the following exclusion criteria: 
1. presence of thrombi in LAA;
2. any infl ammatory disease;

3. any concomitant disease preventing full heparinization during 
the procedure;

4. severe heart failure; 
5. myocardial infarction or stroke within the past 3 months; or
6. overall poor health with expected survival of less than one year.

Based on the present contraindication to anticoagulation thera-
py, we divided the patients in our analysis sample into four groups:
Group 1: patients with a medical history of haemorrhagic stroke 

or severe bleeding;
Group 2: patients with recurrent bleeding despite an adequate an-

ticoagulation therapy; 
Group 3: patients with a medical history of ischemic stroke despite 

an adequate anticoagulation therapy (after excluding all other 
possible causes of stroke); and

Group 4: patients with other reasons for high bleeding risk.

Materials
All the patients in the study sample underwent the LAAO pro-

cedure with the second-generation ACP Amulet (St. Jude Medi-
cal) (Fig. 1). TEE examination was performed on the Philips iE33 
device using real-time 3D and X-plane modality. 

Procedure
In 29 out of 30 patients, the LAAO procedure was guided by 

TEE and fl uoroscopic imaging. The esophageal structure preven-
ted the introduction of the TEE probe in one patient; as the result, 
intracardiac echocardiography imaging in local anaesthesia was 
used to guide LAAO.

Fig. 1. The second generation of Amplatzer Cardiac plug – Amulet 
(St. Jude Medical).

Fig. 2.  Fluoroscopic display of fi nal occluder placement of the Am-
platzer Cardiac plug – Amulet (St. Jude Medical) placement; projec-
tion: right anterior oblique, RAO 30°, cranial 20°.
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The ACP Amulet device was implanted into the LAA via the 
right femoral vein by transseptal puncture using a delivery sheath. 
The transseptal puncture was performed in the infero-posterior 
part of the LAA under TEE guidance with a real-time 3D control. 
Af terwards, the LAA was probed with a pigtail catheter guided by 
TEE and fl uoroscopy in two right 30° oblique projections (ri ght 
anterior oblique [RAO]): caudal and cranial at 10–20° to obtain 
the precise landing zone dimensions.

Occluder size was selected according to the manufacturer’s 
sizing chart based on the diameter of the LAA landing zone dimen-
sions (diameter and depth). The landing zone was precisely mea-
sured at a depth of 10–11 mm from the LAA orifi ce with TEE and 
fl uoroscopy in both projections stated earlier. The fi nal occluder 
device was oversized by approximately 3–6 mm compared to the 
fi nal measurement, as this was shown to improve its stability and 
the overall seal of the LAA ensuring low leak-rate.

If a satisfactory position of the occluder lobe meeting all the 
required criteria for correct placement was achieved, the procedure 
followed by unfolding the occluder disc. The stability and proper 
function of the LAA occlusion was controlled by TEE and contrast 
fl uoroscopy. The occluder device position had to meet the follow-
ing fi ve criteria: 1) lobe compression 2) lobe and disc separation, 
3) concave disc placement, 4) coaxial orientation, and 5) location 
of two thirds of the lobe distal to the circumfl ex coronary artery. 
The fi rst 3 visible criteria were shown on Figure 2, displaying the 

fi nal occluder placement. If these criteria were met even after a 
fi ve-minute mechanic pull (tug test), the occluder device was re-
leased from the delivery cable. 

After the procedure, low-molecular-weight heparin and dual 
antiplatelet therapy were administered if the patients’ bleeding risk 
allowed. Echocardiographic and X-ray controls were performed 
one day later. Patients were released to outpatient care, majority 
receiving a dual antiplatelet treatment.

During the fi rst follow-up, which was scheduled 3 months 
after the LAAO procedure, the LAA closure was assessed with 
TEE for leaks and device thrombi. Additionally, the mitral valve 
function was evaluated. If the LAA closure was deemed optimal, 
patients continued with antiaggregating monotherapy unless their 
condition required a treatment change.

Statistical analysis
Based on the distribution of data, continuous data were sum-

marized as the means, standard deviation, and minimum and maxi-
mum values, where applicable (for normal distribution) or median 
and 25th and 75th percentile (for skewed distribution). Categori-
cal variables were summarized as frequencies and percentages. 
LAAO procedural success rates were calculated as percentages 
of the total number of patients undergoing the LAAO procedure. 
The Pearson’s product moment correlation coeffi cient was used 
to assess linear associations between continuous variables (pro-
cedure times and operator experience). The relationship between 
CHA2DS2VASc and HASBLED scores in different LAAO in-
dication groups was tested using a one-way analys is of variance 
(ANOVA) with a post hoc Gabriel test due to the different sizes 
of the indication groups. Results were considered statistically 
signifi cant with a two-sided p  <0.05. All statistical data analyses 
were performed with SPSS 25.0 software (IBM Corp., Armonk, 
NY, USA). 

Results

We analysed 30 patients, 12 (40.0 %) female and 18 (60.0 %)
male, undergoing LAAO. One patient underwent the LAAO pro-
cedure twice to successfully place the occluder device. The mean 
patient age was 71.3 ± 7.5 years. All the patients were diagnosed 
with AFib: 6 (20.0 %), 15 (50.0 %) and 9 (30.0 %), with paro-
xysmal, persistent and a permanent AFib form, respectively. The 
mean CHA2DS2-VASc score was 3.8 ± 1.3 (range: 2–6) and the 
median CHA2DS2VASc score was 4.0. The mean HASBLED score 
was 3.1 ± 1.0 (range: 1–4) and the median HASBLED score was 
3.0 (Tab. 1).

Periprocedural characteristics
Table 2 provides an overview of all evaluated periprocedural 

parameters. The LAA was successfully closed during the fi rst 
LAAO procedure in 28 out of 30 patients (93.3 %). Periproce-
dural complications preventing a successful LAA closure were 
observed in 1 patient only (3.3 %), who had overcome an isch-
emic stroke. The LAAO procedure with this patient was discon-
tinued due to thrombi formation on the occluder device during 

Sample size
(n=30)

Gender, n (%)
Female 12 (40.0)
Male 18 (60.0)

Age, years
Mean (SD) 71.3 (7.5)
Median (Q1, Q3) 71 (65.5, 77.8)
Range: min–max 57–84

Type of atrial fi brillation, n (%)
Paroxysmal 6 (20.0)
Persistent 15 (50.0)
Permanent 9 (30.0)

Patient stroke risk status, CHA2DS2VASc score
Mean (SD) 3.8 (1.3)
Median (Q1, Q3) 4 (3, 5)
Range: min–max 2–6

Patient bleeding risk status, HASBLED score
Mean (SD) 3.1 (1)
Median (Q1, Q3) 3 (3, 4)
Range: min–max 1–4

Medical history prior to procedure, n (%)
Arterial hypertension 28 (93.3)
Ischemic stroke 13 (43.3)
Diabetes mellitus 12 (40.0)
Ischemic heart disease 11 (36.7)
Haemorrhagic stroke 5 (16.7)
Chronic renal insuffi ciency 5 (16.7)
Atrial septum defect 3 (10.0)
Thrombophilic condition 1 (3.3)
Thrombus in left atrial appendage (resolved prior procedure) 1 (3.3)

SD – standard deviation, Q1 – fi rst quartile, Q3 – third quartile

Tab. 1. Sociodemographic and clinical characteristics at baseline.
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placement; however the second LAAO procedure, which was 
carried out with high doses of heparin supplementation, was com-
pleted without complications. The LAAO procedure was unsuc-
cessful in one patient with a Chicken Wing LAA with landing 
zone sizes of 20 and 25 mm measured by TEE and fl uoroscopy, 
respectively. We used 2 occluder devices of 25 and 28 mm, how-
ever, a tug test was performed in both instances and the occluder 
position was found to be unstable with a high risk of release. For 

safety reasons, we withdrew the occluder without closing the 
LAA. Additionally, intracardiac  echocardiography (ICE) instead 
of TEE guidance was used with this patient during the LAAO 
procedure since the esophageal structure disabled the introduc-
tion of the TEE probe.

In 3 patients (10.0 %) a second occluder size was required 
due to the unstable positioning of the fi rst occluder size. For 2 of 
these 3 patients, the LAAO procedure using the second occluder 
size was successful, while the LAAO procedure was unsuccess-
ful with the third patient even with the second occluder size as 
described earlier. 

In one patient, the delivery sheath was inserted via the left 
femoral vein instead of the right femoral vein due to obstruction 
of the venous system.

Procedure time
The average total LAAO procedure time was 104.5 ± 30.7 min 

(range 50–190 min) and the average fl uoroscopy time was 15.1 ± 
7.5 min (range 5.7–34.6 min).

We found a negative correlation between the cardiologist’s 
experience (assessed as days of experience performing the LAAO 
procedure) and the total procedural time r (28) = –0.22, p = 0.25. 
Likewise, there was a negative correlation between the cardiolo-
gist’s experience and fl uoroscopy time r (28) = –0.32, p = 0.09. 
After the exclus ion of 3 signifi cantly longer LAAO procedure times 
(in patients requiring a second occluder device) from the correla-
tion analysis, we found a statistically signifi cant (< 0.05, 2-tailed) 
negative correlation between the cardiologist’s experience and the 
procedural time r (25) = –0.43, p = 0.03 and the fl uoroscopic time  
r (25) = –0.40, p = 0.04 (Fig. 3). 

Occluder size selection 
When selecting the occluder size, we always relied on the

largest measured dimensions of the landing zone according to TEE 
and fl uoroscopy. Figure 4 provides a comparison of the landing 
zone measurements with TEE and RTG and the fi nal selected oc-
cluder device size.

The most frequently utilized occluder sizes were 28 mm (12 
patients) and 25 mm (10 patients), while the least frequently uti-
lized occluder sizes were 20 mm and 22 mm, both placed in one 
patient only (Tab. 2). 

Indication subgroup analysis
The contraindication to long-term anticoagulation treatment 

is the principal indication criterion for the LAAO procedure and, 
together with high CHA2DS2-VASc, it constitutes the inclusion 
criteria for this study population. The four patient groups are sum-
marized based on the type of contraindication to long-term oral 
anticoagulation therapy (“LAAO indication groups”) in Table 3. 

We analysed the relationship between the LAAO indication 
groups and the patients’ CHA2DS2-VASc and HASBLED scores 
using a one-way ANOVA and a signifi cance level of p < 0.05 
(Tab. 4).

We identifi ed a statistically signifi cant difference among the 
four indication groups in terms of the CHA2DS2-VASc score, F 

Sample size
(n=30)

Ejection fraction, %
Mean (SD) 53 (7.2)
Median (Q1, Q3) 54 (50, 60)
Range: min–max 35–65

Mitral insuffi ciency, n (%)
Absent 7 (23.3)
First grade 17 (56.7)
Second grade 5 (16.7)
Third grade 1 (03.3)

Left atrium diameter (short axis), mm
Mean (SD) 45.3 (4.9)
Median (Q1, Q3) 44.5 (42, 48)
Range: min–max 37–56

Left atrial appendage shape, n (%)
Caulifl ower 20 (66.7)
Windsock 5 (16.7)
Cactus 4 (13.3)
Chicken Wing 1 (3.3)

Number of occluders per procedure, n (%)
1 27 (90.0)
2 3 (10.0)

Success rate of left atrial appendage closure
During the fi rst procedure 28 (93.3)
During the second procedure 1 (3.3)
Unsuccessful 1 (3.3)

Total procedure time, min.
Mean (SD) 104.5 (30.7)
Median (Q1, Q3) 95 (86.3, 120)
Range: min–max 50–190

Fluoroscopic time, min.
Mean (SD) 15.1 (7.5)
Median (Q1, Q3) 11.8 (9, 19.1)
Range: min–max 5.7–34.6

Landing zone measurement with TEE, mm
Mean (SD) 23.8 (3.4)
Median (Q1, Q3) 24 (22, 25)
Range: Min–Max 17–32

Landing zone measurement with fl uoroscopy, mm
Mean (SD) 24.6 (4)
Median (Q1, Q3) 25 (22.3, 27.8)
Range: min–max 16–33

Occluder size, n (%)
28 mm 12 (40.0)
25 mm 10 (33.3)
34 mm 4 (13.3)
31 mm 2 (6.7)
20 mm 1 (3.3)
22 mm 1 (3.3)

SD – standard deviation, Q1 – fi rst quartile, Q3 – third quartile

Tab. 2. Periprocedural parameters.
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(3, 26) = 3.21, p = 0.039. Indication group 
1 (mean = 4.63, SD = 0.92) and indica-
tion group 3 (mean = 4.67, SD = 1.53) had 
higher CHA2DS2-VASc scores compared 
to indication group 2 (mean = 3.76, SD = 
1.37) and indication group 4 (mean = 2.86; 
SD = 1.07), although post hoc testing with 
Gabriel’s test failed to confi rm that these 
differences were statistically signifi cant. 

There was a statistically signifi cant dif-
ference among the four indication groups 
in terms of the HASBLED score, F (3, 26) 
= 5.39, p = 0.005. Also, post hoc testing 
with Gabriel’s test revealed signifi cant dif-
ferences between indication group 1 (M 
= 3.75, SD = 0.463) and indication group 
4 (M = 2.14, SD = 1.069). These fi ndings 
indicate that patients in indication group 4 
had lower HASBLED scores than patients 
in indication group 1.

Fig. 3. Relationship between cardiologist’s experience and total procedure and fl uoroscopy time.

LAAO indication group n (%)
1. Haemorrhagic stroke and/or a medical history of severe bleeding 8 (26.7)

Haemorrhagic stroke 5
Gastrointestinal bleeding with the need for transfusion 2
Bleeding in the eye followed by blindness 1

2. Medical history of recurrent or minor bleeding 12 (40.0)
Gastrointestinal bleeding 3
Haematuria 2
Epistaxis 2
Recurrent non-specifi c bleeding 2
Spontaneous hematomas 1
Haemorrhoids 1
Morbus Crohn 1

3. Ischemic stroke despite adequate oral anticoagulation therapy1 3 (10.0)
4. Other reasons with high risk of bleeding 7 (23.3)

Dialysis 2
Brain tumour 1
Intracranial aneurysm 2
Liver cirrhosis 1
Amyloid angiopathy 1

LAAO – Left Atrial Appendage Occlusion, 1After excluding other possible causes of stroke

Tab. 3. Left Atrial Appendage Occlusion indication groups based on contraindications to 
long-term oral anticoagulation therapy
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Follow-up after procedure
At the time of writing of this analysis, patients (n = 21) were 

monitored during regular follow-up visits for an average of ap-
proximately 23 months. All except the patient with the unsuccess-
ful LAAO procedure attended the 1st follow up visit scheduled 3 
months after LAAO, during which, all but one patient underwent 
TEE evaluation. The patient, who was not assessed with TEE (due 
to intolerance) was assessed by clinical anamnesis.

Twenty-one patients (70.0 %) attended the 2nd follow up visit, 
scheduled approximately 12 months after LAAO. Two patients 
died before the 2nd follow up visit (causes of death were not re-
lated to the LAAO procedure) and six patients have not yet had 
the 2nd follow up visit.

Device thrombus formation has not been found in any of the 
patients. Furthermore, we observed no complications associated 
with interference of the occluder device in the mitral orifi ce or 
the upper pulmonary vein in any of our patients. We identifi ed a 
hemodynamically minor leak in 4 patients (1 mm and 2 mm leaks 
in 3 patients and 1 patient, respectively) (Tab. 5).

Further follow-up visits were scheduled on a yearly basis 
unless the patient’s health condition warranted more frequent 
follow-up visits.  No cases of cardioembolic stroke or peripheral 
embolization were observed in any of the patients during the ana-
lysed period.

Pharmacotherapy 
Prior to LAAO, patients were treated mostly with  low molecu-

lar weight heparin (LWMH) (16, 53.3 %) as shown in Table 6. Nine 
patients, 3 of whom had overcome an ischemic stroke despite oral 
anticoagulation therapy, (30.0 %) received DOAC. Four patients 
(13.3 %) used anti-aggregation mono-therapy or dual therapy. One 
patient (3.3 %) with a history of severe post-haemorrhagic anaemia 
in gastroduodenal bleeding received no antithrombotic treatment. 
None of the patients were treated with warfarin.

In the 3 months following the LAAO procedure, the occluder 
position was satisfactory and no hemodynamic leaks were ob-
served; the majority of patients could continue with  acetylsalicylic 
acid (ASA) or clopidogrel monotherapy, as summarized in Table 6.

One patient, in whom LAAO was un-
successful, continued with LWMH. Two 
patients with relapsing ischemic stroke de-
spite anticoagulation treatment continued 
with DOAC therapy. One patient with a re-
lapsing ischemic stroke and haemorrhagic 
infarction continued to be treated with ASA.

Fig. 4. Comparison of landing zone measurements with TEE and fl uoroscopy regarding occluder size selection.

Group 1
(n=8)

Group 2
(n=12)

Group 3
(n=3)

Group 4
(n=7)

Total
(n=30) F p

CHA2DS2-VASc score 4.63 3.67 4.67 2.86 3.83 3.21 0.029
HASBLED score 3.75 3.33 2.67 2.14 3.1 5.40 0.005
F = F statistic for a one-way ANOVA; p = level of signifi cance

Tab. 4. Differences between indication groups at baseline.
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Discussion

This study features our initial experience with the LAAO pro-
cedure, the successful LAA closure rate, and the benefi ts of this 
treatment during follow-up.

We were able to close the LAA in 28 of 30 patients (93.3 %) 
during the fi rst procedure. In one patient, we discontinued the 
LAAO procedure due to thrombi formation during procedure. We 
assume that an insuffi cient heparin dose ( Activated clotting time: 
200–240 s) caused the thrombi formation. We removed the oc-
cluder and thrombi without complications. The second procedure 
on this patient was performed with high heparin doses (Activated 
clotting time: 300–350 s) and it was without complications. Thus, 

the overall success rate of LAA closure in our patient population 
increased to 96.7 % (29/30).

We failed to close the LAA in one patient with a chicken wing 
LAA. Despite the use of two occluder sizes (25 and 28 mm), the 
position was deemed unstable with a high risk of later dislocation. 
We identifi ed two main reasons that prevented successful LAA 
closure in this patient. First, the patient presented with a higher 
complexity in LAA anatomy and the cardiologist lacked the ex-
perience with the alternative sandwich method of LAA closure at 
the time of the procedure. Second, ICE was used instead of TEE 
because it was impossible to introduce the TEE probe in this pa-
tient. Although, we have several years of experience with ICE, 
especially in transseptal punctures, the different method of LAA 
imagining allowing only one projection might have contributed 
to procedure failure.

The overall success rate in our patient population was only 
slightly lower than the 97.3 % success rate reported by Tsikas et 
al (6). On the other hand, we had only one minor periprocedural 
complication (3 % incidence rate): the already described occluder 
thrombus. None of the patients experienced procedure-related 
pericardial effusion, stroke, air embolization or peripheral com-
plications.

This study reports the results from an initial patient popula-
tion undergoing LAAO at our institute. The fi rst fi ve patients un-
derwent LAAO under the supervision of a proctor. With growing 
experience, we recorded shorter procedural and fl uoroscopy times. 
Disregarding three patients in whom successful LAA was achieved 
with the second occluder size, the shortening of procedural times 
(r (25) = –0.43, p = 0.03) and fl uoroscopic times (r (25) = –0.40 p 
= 0.04) reached a statistical signifi cance. For comparison, Masoud 
et al, reached the median procedural time of 81 minutes in their 
study of 83 patients (7).

According to professional literature, increasing cardiologist 
experience directly translates into a procedural success. Recent 
studies report high LAAO success rates (95–100 %) and decreased 
periprocedural complications (3–5 %) (8–11). Likewise, a large 
prospective multicentre registry of 1088 patients reported a suc-
cessful LAA closure and periprocedural complications rates of 
99 % and 3.2 %, respectively (12).

We were successful in selecting the correct occluder size in 27 
patients (90 %). Due to the initial miscalculation of the occluder 
size for three patients (10 %) a second size had to be used. Precise 
occluder size estimation requires an experience and cooperation 
with a trained echocardiographer. Therefore, the percentage of 
exact initial occluder size estimation varies signifi cantly between 
the studies, described from 79.6 % to 96.2 % (13, 14) Tsikas et al 
initially selected the correct occluder size in 93.3 % of patients 
(6). Taking into consideration the fact that this is our initial patient 
population for LAAO at our institute, we consider the initial oc-
cluder size estimation as satisfactory.

In total, 28 of 29 patients (97.0 %) with a successful LAAO 
underwent a three-month TEE follow-up examination. TEE was 
not possible for one patient due to intolerance. The TEE follow-
up rate in our patient population was very high compared to other 
studies. Tsikas et al reported that only 63.0 % of patients under-

Sample size (n=30)
1st Follow-up Visit, n (%)1

Patients attending 29 (96.7)
Complications 0 (0)
TEE Leak Evaluation 28 (96.6)

Without leak 24 (85.7)
1 mm leak 3 (10.7)
2 mm leak 1 (3.6)

TEE not evaluated 1 (3.4)
Patients not attending 1 (3.3)

Due to unsuccessful LAAO procedure 1 (100)
2nd Follow-up Visit, n (%)1

Patients attending 21 (70)
Complications 0 (0)
TEE Leak Evaluation2 1 (4.8)

Without leak 1 (100)
Patients not attending 9 (30)

Due to unsuccessful LAAO procedure 1 (11.1)
Due to exitus (cause of death: oncological disease) 1 (11.1)
Due to exitus (cause of death under investigation) 1 (11.1)
2nd Follow-up Visit not performed by the time of analysis 6 (66.7)

LAAO – Left Atrial Appendage Occlusion, TEE – transesophageal echocardiography, 
1Percentages are calculated for each subgroup, 2TEE leak evaluation after 1st follow 
up visit is performed only if there is a clinical need identifi ed

Tab. 5. Follow-up patient monitoring overview after Left Atrial Ap-
pendage Procedure.

Antithrombotic medication
Baseline 
(n=30)

After Month 3
(n=28) Δ%

n (%)
ASA 3 (10.0) 20 (71.4) +61.4
Clopidogrel 2 (6.7) 9 (32.1) +28.8
LMWH 16 (53.3) 0 (0) –53.3
DOAC 9 (30.0) 2 (7.1) –22.9
No Treatment 1 (3.3) 0 (0.0) –3.3
Detailed therapy
ASA 2 (6.7) 17 (60.7) +54.0
ASA and clopidogrel 1 (3.3) 3 (10.7) +7.4
Clopidogrel 1 (3.3) 6 (21.4) +18.1
LMWH 16 (53.3) 0 (0) –53.3
DOAC 9 (30.0) 2 (7.1) –22.9
No Treatment 1 (3.3) 0 (0) –3.3
ASA – acetylsalicylic acid, LMWH – low molecular weight heparin, DOAC – di-
rect oral anticoagulants

Tab. 6. Antithrombotic medication.
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went TEE follow-up (6). Regueiro et al reported TEE follow-up 
in 78.2 % of patients (15).

Device-related thrombi and peri-device leaks during TEE exa-
minations are considered potentially dangerous. A device leak may 
cause turbulent blood fl ow near the occluder that may increase 
platelet adherence resulting in thrombi formation at the occluder or 
in the residual part of the LAA. A small peri-device leak is not able 
to release a thrombus, thus leading to a low risk of systemic embo-
lism. On the other hand, a large peri-device leak may lead to throm-
bus rupture with subsequent embolization (16). This may explain 
the conclusions of several studies where the presence of device-re-
lated thrombi and small leaks did not lead to increased thromboem-
bolic complications (1 7). Tsikas et al documented leaks in 11.6 %
of their patients. Except for one patient, the presence of leaks did 
not require a re-initiation of anticoagulation therapy. On the other 
hand, the presence of device-related thrombi in 4.4 % of the pa-
tients, required anticoagulation treatment, but without increasing 
thromboembolic complications (6). However in general, the oc-
currence of device related thrombus is considered an independent 
predictor of stroke and/or transient ischemic attack and thus should 
be managed accordingly with anticoagulation therapy (18). In our 
patient population, no device thrombi or hemodynamically severe 
leaks were detected (4 patients had a small leak of up to 2 mm).

As of the last date of data collection, we had followed the 
patients on average for approximately 23 months, which corre-
sponds with similar studies reporting a follow-up period from 4.5 
to 30 months (8, 19). During this period, we observed no strokes, 
transient ischemic attacks, peripheral embolization or bleeding 
complications. Regueiro et al followed their study population 
of polymorbid patients with high CHA2DS2-VASc (mean: 4.8) 
and HASBLED (mean: 4.2) scores on average for four years. Their 
long-term follow-up confi rmed the results from previous studies. 
The annual incidence of thromboembolic complications was 1.7 %,
representing a 73 % reduction in the relative risk estimated from 
the CHA2DS2-VASc score. Likewise, the annual incidence of 
bleeding complications was 4.8 %, representing a 47 % reduction 
in the relative risk estimated from the HASBLED risk score (15).

The current AFib management guidelines issued by the Eu-
ropean Society of Cardiology from 2016 categorize LAAO in 
indication group IIb. The essential indication criterion for LAAO 
is the contraindication of any anticoagulation therapy in patients 
at a high risk of AFib-related thromboembolism (1). The recom-
mendations are based on the results of randomized clinical trials 
and registries (6, 20–23). However, majority of published rando-
mized clinical trials include contraindication to long-term anti-
coagulation therapy among their exclusion criteria. Consequently, 
patients primarily undergoing LAAO in clinical practice are ex-
cluded from clinical trials. 

Patients’ risk profi les were assessed using CHA2DS2VASc and 
HASBLED scores. Although, in clinical practice, we often encoun-
ter polymorbid patients, whose diseases and their combination are 
not considered within these scoring systems. Hence, the question 
of whether these patients meet LAAO indication criteria emerges. 
Since LAAO is an invasive treatment associated with a complica-
tion risk, we consider the correct and adequate indication as cru-

cial. Therefore, as the health care centre with emerging LAAO 
experience, we carefully evaluated the risk-benefi t profi le of each 
patient eligible for LAAO. According to the 2019 expert consensus 
from the European Heart Rhythm Association and the European 
Association of Percutaneous Cardiovascular Interventions, LAAO 
may be considered for AFib patients at risk of ischemic stroke 
with an unacceptably high bleeding risk, refusing anticoagulant
therapy or with a contraindication for systemic anticoagulation (24).

Based on the indications for LAAO, we divided our patient 
population into four indication groups. Patients in the fi rst and 
second indication groups had a history of severe, life-threatening 
bleeding, haemorrhagic stroke or recurrent bleeding. Any anti-
coagulation therapy is absolutely contraindicated in these patients. 

Patients in the third indication group experienced ischemic 
strokes despite an adequate anticoagulation therapy. Since further 
examinations excluded other causes, we assumed that the stroke 
was of cardioembolic origin; therefore LAAO was indicated for 
secondary stroke prevention in these patients. None of these pa-
tients experienced a stroke relapse in the assessed follow-up pe-
riod. Alternatively, the 2016 Guidelines from the European Society 
of Cardiology on AFib management, recommend the following 
therapeutic approach for AFib patients with cardioembolic stroke 
despite an adequate anticoagulation therapy: increasing warfa-
rin dose to reach an international normalized ratio of 2.5–3.5 or 
anticoagulation switch to DOAC, adding anti-aggregation treat-
ment, if necessary.  However, to date, there is no data to confi rm 
the effectiveness of this approach (1). Hence, LAAO may be a 
suitable treatment alternative for these patients, as shown in the 
current study (24).

The fourth indication group included patients with hetero-
geneous reasons for LAAO indication. Although these patients 
are most prevalent in clinical practice, the HASBLED scores fail 
to identify their bleeding risk during anticoagulation treatment. 
Therefore, the mean HASBLED scores were signifi cantly different 
in the four indication groups: F (3, 26) = 5.39, p = 0.005 with the 
lowest mean HASBLED scores observed in the fourth indication 
group (M = 2.14, SD = 1.069). They are frequently AFib patients 
with renal insuffi ciency for whom anticoagulation treatment is 
challenging due to regular dialysis. Recent data showed that LAAO 
is equally effective in dialyzed patients. Kefer et al reported that 
the use of ACP in LAAO for patients with renal insuffi ciency was 
equally safe, effi cient, successful and equally reduced the risk of 
stroke and bleeding compared to the general population (25). In 
our patient population, we included fi ve patients with renal insuf-
fi ciency, of which two were dialyzed. Neither the LAAO procedure 
nor the follow-up results differed in these patients. 

Furthermore, there are also diagnoses where anticoagulation 
therapy is not completely contraindicated, but signifi cantly risky. 
Information on LAAO in these patients is limited in the current 
scientifi c literature for two main reasons: 1) diffi cult bleeding risk 
estimation; 2) low overall prevalence. We reported four patients 
in our study: one with amyloid angiopathy, one with a brain tu-
mour at a high risk of bleeding and two with intracranial aneu-
rysms. We observed no thromboembolic events in these patients 
during follow-up.
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It is crucially important to assess the risk-benefi t ratio of LAAO 
in each patient individually, while considering that anti-aggregation 
therapy introduces a certain level of bleeding risk as well. 

To date, there are no uniform guidelines for anti-aggregation 
and anticoagulation therapy after LAAO. The character and length 
of subsequent antithrombotic pharmacotherapy are based on the 
results of clinical studies and vary for different occluder types. 

After LAAO with ACP AmuletTM, antiaggregation therapy may 
be reduced to monotherapy during the fi rst 3 months in patients at 
risk of high bleeding. In patients with an extremely high bleeding 
risk, no antiaggregation therapy may be considered (24). In our 
study, 23 patients (76.7 %) received dual anti-aggregation with 
subsequent long-term anti-aggregation monotherapy. Pharmaco-
therapy varied among the remaining patients depending on their 
LAAO indication and concomitant diseases. In the Landmesser 
registry, 54 % of the patients received dual anti-aggregation; 23 %
received anti-aggregation monotherapy, 18.9 % remained on an-
ticoagulation therapy, and 2 % were discharged from the hospital 
without any treatment (12). 

LAAO is an innovative method; however, since it has not been 
extensively tested, certain questions require attention.

To date, only two randomized clinical studies compared the 
safety and effi cacy of LAAO (using Watchman device) with war-
farin anticoagulant treatment (PROTECT AF and PREVAIL). 
However, the main limitation of these studies was the exclusion 
of patients with contraindications to anticoagulation treatment, 
who are highly prevalent in daily clinical practice (20, 21). Only 
registries and retrospective studies evaluated other types of oc-
cluders. Initial results from the PRAGUE-17 study comparing the 
safety, effi cacy and effectiveness of LAAO with DOAC therapy 
the confi rmed non-inferiority of LAAO (26) .

From an economic perspective, we stress that LAAO appears 
to be more cost-effective than life-long coagulation treatment asso-
ciated with signifi cant health complications, despite the higher 
initial costs (27–29). However, the economic value of LAAO will 
manifest only in patients with good health status assuring long-
term survival (6).

The main limitation of the presented study is the small sample 
size. Our initial experience with the LAAO procedure, and as such 
our patient population, was limited to 30 patients, which includes 
all patients eligible for LAAO, who underwent LAAO at our in-
stitute in the last three and a half years. 

Due to our limited experience with the LAAO procedure and 
potential serious complications, we very strictly considered the 
indication of LAAO in each patient. On the other hand, the com-
pleteness of data and high TEE follow-up rate need to be stressed. 

Another limitation is the use of only one type of occluder 
device, since at the time of study initiation (year 2015), only one 
device, ACP Amulet was available at all clinics in Slovakia There-
fore, the evaluation of LAAO with other devices and eventual 
comparison was not possible. 

Selection bias might be present due to the observational retro-
spective design of the study. Data in the current study originated 
only from one health care centre and the performance of LAAO 
procedures, which may bias the presented results.

The current cohort non-randomized study investigated the 
patient characteristics and the effectiveness and safety of the 
study population undergoing LAAO; however, since it did not 
compare the LAAO procedure to any other therapeutic alterna-
tives (other devices, procedures or pharmacotherapy), it had no 
control feature.

The average follow-up period covered by this analysis, consi-
dering the small sample size, does not provide a suffi cient justifi -
cation to draw defi nitive conclusions about the effi cacy and safety 
of the LAAO procedure with the ACP AmuletTM device. Hence, 
these results need to be considered with caution. 

The current study population is being closely monitored by the 
study team, while new patients are being considered for another
larger study.

Conclusions

Based on the available data, LAAO appears to be an adequate 
alternative to anticoagulation therapy in patients with AFib at a 
high risk of stroke for whom anticoagulation therapy is contrain-
dicated or associated with a high bleeding risk. The results of our 
study proved that LAAO was an effective and safe therapeutic 
approach, when the indication criteria and procedural steps are 
followed, even when performed at the health centre with a limited 
experience. It is to be assumed that ongoing studies will provide 
answers regarding the long-term effectiveness of the LAAO pro-
cedure and a comparison of different occluder types; they should 
also specify the type and length of antithrombotic therapy after 
the LAAO procedure; and specify the indication of LAAO in less 
frequently occurring situations.  
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