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Abstract
Background: Atrial fibrillation is associated with embolic strokes that often result in death or disability. Effective in reducing 
these events, anticoagulation has several limitations and has been widely underutilized. Over 90% of thrombi identified in 
patients with atrial fibrillation without valvular disease originate in the left atrial appendage, whose occlusion is investigated 
as an alternative to anticoagulation. 

Objective: To determine the feasibility of percutaneous occlusion of the left atrial appendage in patients at high risk of 
embolic events and limitations to the use of anticoagulation.

Methods: We report our initial experience with Amplatzer Cardiac PlugTM (St. Jude Medical Inc., Saint Paul, USA) in 
patients with nonvalvular atrial fibrillation. We selected patients at high risk of thromboembolism, major bleeding, 
and contraindications to the use or major instability in response to oral anticoagulant. The procedures were performed 
percutaneously under general anesthesia and transesophageal echocardiography. The primary outcome was the presence 
of periprocedural complications and follow-up program included clinical and echocardiographic review within 30 days and 
by telephone contact after nine months.

Results: In five selected patients it was possible to occlude the left atrial appendage without periprocedural complications. 
There were no clinical events in follow-up.

Conclusion: Controlled clinical trials are needed before percutaneous closure of the left atrial appendage should be considered an 
alternative to anticoagulation in atrial fibrillation not associated with valvular disease. But the device has shown to be promissory 
in patients at high risk of embolism and restrictions on the use of anticoagulants. (Arq Bras Cardiol 2012;98(2):143-150)
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of stroke is as common in the paroxysmal AF as in persistent or 
permanent AF, being twice higher than the population in general7. 
It is estimated that approximately 20% of strokes are associated 
with AF2,3,8, and in this population, they often result in death or 
permanent9disability. Multiple conditions may be associated8 and 
different mechanisms can cause stroke in the presence of AF10. 
But it is believed that in most cases thromboembolic events occur, 
because thrombi in the left atrium have been widely documented 
in autopsies, surgeries and echocardiographic studies11-13 in which 
its detection is an independent predictor of ischemic attack. 
Although it has proven to be  effective  in reducing ischemic events 
in this context1,2,14, anticoagulation with vitamin K inhibitors has 
been widely underused1,2,15. Several factors contribute to this, but it 
stands out the narrow therapeutic window of these agents16 and the 
risk of bleeding complications16-18, particularly in older patients who 
would most benefit from this therapy15,18. The alternative agents 
under study are also associated to bleeding16,19. Since more than 
90% of thrombi identified in patients with nonvalvular AF originate 
in the left atrial appendage (LAA)1,2,11,12, its occlusion emerged as an 
alternative to anticoagulation20-28. We report our initial experience 
in percutaneous occlusion of the LAA in patients with nonvalvular 
AF with the Amplatzer Cardiac PlugTM29.

Introduction
Stroke (CVA) is one of the most feared complications of 

cardiovascular diseases1,2. The Framingham Heart Study showed 
that the isolated presence of coronary artery disease (CAD), high 
blood pressure (hypertension) or heart failure (HF) increased the 
incidence of stroke adjusted for age at a rate of more than two, 
three or four times, respectively, while the presence of atrial 
fibrillation (AF) not associated with valvular diseases increased 
the risk fivefold. With age, the effects of the presence of CAD, 
hypertension and heart failure were attenuated, but the impact 
of AF were not3. Then considered an important risk factor for 
ischemic attack; AF is the most common sustained cardiac 
arrhythmia in clinical practice4,5, its incidence increases with 
age5 and its prevalence has been growing also6. The occurrence 
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Methods
In November 2010, patients with nonvalvular AF, 

permanent or long duration persistent, who use and present 
limitations to the use of oral anticoagulation (OAC), were 
selected to intervention. This is a retrospective account of 
this early experience.

Selection of patients

The selection criteria were:
1. High risk of thromboembolic events, with a history 

of ischemic attack, transient ischemic attacks, peripheral 
embolism, or CHADS2  score ≥ 21,2,8.

2. Objective evidence limiting the use of OAC, with a 
history of hemorrhagic stroke, major bleeding, great lability 
of the response to anticoagulant therapy, or high risk of 
bleeding with OAC. We considered major bleeding as 
bleeding episodes requiring hospitalization or transfusion30. 
Great lability of the therapeutic response to OAC was defined 
as less than 60% of the records of prothrombin time (PT)
within the therapeutic range in the last year (INR ≤ 2.0 or ≥ 
3.0)30, or when very high in more than one occasion (INR ≥ 
4.0)31,32. The time interval of one year to review the records 
of PT, as well as the need for very high INR in more than one 
occasion were set arbitrarily. High risk of bleeding with OAC 
was defined as HAS-BLED score ≥ 32,30. Alcohol abuse was 
considered only when it influenced this score calculation and 
the risk of recurrent falls was disregarded, since its importance 
as a contraindication for OAC has been underestimated2.

3. Should be excluded from the study at initial assessment 
the patients presenting with a clinical situation that 
contraindicated intervention or echocardiographic evidence 
of intracardiac thrombus, valvular disease with risk of 
embolism, ulcerated atherosclerotic plaque in the aorta, or 
significant obstruction of the carotid or vertebral arteries. 
Inadequate anatomy was also a factor of exclusion, because 
the manufacturer recommends that the neck of the LAA has 
a minimum diameter of 12 mm and a maximum of 28 mm.

4. It was necessary the informed consent of patients and 
relatives involved.

Device
The AmplatzerTM Cardiac Plug (ACP - St. Jude Medical 

Inc., Saint Paul, USA) was developed specifically for the LAA 
occlusion by percutaneous mean through transseptal puncture 

26-29. The device consists of a distal lobe and a proximal disk that 
are connected by an articulated beam. The lobe was designed 
to fill the LAA and the disk to seal its entrance. Both are made 
of a self-expanding nitinol stent and it has polyester bits that 
increase its occlusive power. The lobe has external stabilizers 
pointing to the disk that work as anchorage hooks to help 
secure the body of the LAA and the articulation allows proper 
alignment in the appendage (Fig. 1 and 2). In the center of the 
disk there is a screw attached to the release system which is 
composed of a flexible steel cable and a long transseptal sheath 
(TDS - Torqvue™ Delivery Sheat - St. Jude Medical Inc., Saint 
Paul, USA). The system allows repositioning and recapture; it 

has bends that facilitate catheterization of the LAA and has 13 
French. The device (ACP) and its delivery system (TDS) have 
been approved for clinical use in Brazil by the National Health 
Surveillance Agency (ANVISA)28.

Study protocol
In the selection phase patients were referred to 

the performance of transesophageal, transthoracic 
echocardiography (TEE) and evaluation of the aorta, 
carotid and vertebral arteries. Successful intervention was 
defined as successful implantation of the prosthesis, with 
complete occlusion of the LAA without residual flow, which 
is the primary outcome to be confirmed by TEE during 
the procedure and in a control assessment after 30 days. 
Periprocedural complications such as stroke, transient 
ischemic attack (TIA), pleural or pericardial effusion, 
embolism and thrombosis of the device, vascular lesions 
and major bleeding were secondary outcomes. Patients 
were clinically evaluated at 30 days and by telephone calls 
after nine months.

Figure 2 – Disposition in “baby’s pacifier” after implantation (Photos courtesy 
of St. Jude Medical Inc.).

Figure 1 – The Amplatzer Cardiac PlugTM (Photos courtesy of St. Jude 
Medical Inc.).
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Procedure
Percutaneous interventions were scheduled under general 

anesthesia and intra-procedural TEE. We planned extubation 
in cathlab and anesthesia recovery in the Coronary Care Unit. 
The manufacturer has released an animation that illustrates the 
procedure. It can be accessed at (http://www.arquivosonline.
com.br/2012/video/video.asp).

Results

Baseline Characteristics
We studied five patients with mean age of 72.8 (62-78) 

years. Table 1 shows baseline clinical characteristics. All 
patients were in regular use of OAC and showed great lability 
in response to therapy. One patient had INR = 15.0 at the 
moment of hospitalization and another patient presented lower 
gastrointestinal bleeding by angiodysplasia of the colon during 
hospitalization. Two patients were using concomitant aspirin. 
Out of the four patients with a history of cerebral ischemia, three 
suffered during OAC. One patient had had a leg amputated in 
a probable embolic phenomenon. The three patients with a 
history of HF had had myocardial infarction and two of them 
presented with preserved ejection fraction. Two patients were 
already in a prolonged hospitalization due to HF. No patient 
was excluded from the study. Table 2 shows the profile of these 

high-risk patients, either for embolic events (CHADS2 ≥ 2, 
CHA2DS2-VASC ≥ 2)8,33 as for bleeding with the OAC (HAS-
BLED ≥ 3)30. But the HAS-BLED score of this group could have 
been a little better, if not for the fact that from the five patients 
with hypertension, four had systolic BP ≥ 160 mmHg.

Percutaneous Intervention
The OAC was discontinued two to five days before 

the procedure, starting heparin administration (5000 IU 
SC 12/12h)34 and Dual Antiplatelet therapy (DAPT) with 
acetylsalicylic acid (ASA - 200 mg daily) and clopidogrel 
(initial dose of 300mg and maintenance of 75mg/day)27. At 
the beginning of the procedure, endocarditis prophylaxis was 
performed with injection of cefazolin (1 g IV 8/8h - 3 doses)35. 
Vascular access was performed by femoral puncture. The 
arterial access was intended to monitor blood pressure and to 
positioning of a Pigtail catheter in the aortic valve for anatomical 
reference. The transseptal puncture was performed by counter-
lateral venous access, with echocardiographic monitoring 
and the usual techniques (Mullins sheath and Brockenbrough 
needle). Pericardial drainage and autotransfusion equipment 
were available at hands. After transseptal puncture, heparin 
was administered (5000 to 10000 IU IV), with no monitoring 
of activated coagulation time. A millimeter Pigtail catheter was 
placed in LAA being performed measurements of the diameters 

Table 1 — Baseline clinical characteristics

Case 1 2 3 4 5

Age (years) 62 75 73 76 78

Gender F F M F M

Heart failure * Yes Yes Yes No No

Ejection fraction in the initial assessment 63% 22% 72% 73% 53%

Hypertension Yes Yes Yes Yes Yes

Diabetes No No No Yes No

CVA or TIA† Yes Yes Yes Yes No

Vascular disease‡ Yes Yes Yes No No

F – Female; M – Male; * Previous history of heart failure; † Previous CVA - Stroke, or TIA - transient ischemic attack; ‡Coronary heart disease, peripheral vascular 
disease, or prior thromboembolism other than CVA or TIA.

Table 2 — Risk scores

Case 1 2 3 4 5

CHADS2* 4 5 4 5 2

CHA2DS2-VASC
† 5 7 6 6 3

Events Thromboembolic predicted ‡ 3.90 10.10 4.50 4.50 4.70

HAS-BLED§ 3 3 4 4 3

Major bleeding predicted// 3.74 3.74 8.70 8.70 3.74

* CHADS2: risk score for the presence of thromboembolism in nonvalvular atrial fibrillation. See Gage et al8; † CHA2DS2-VASc: risk score for thromboembolism in 
nonvalvular atrial fibrillation. See Lip et al 33; ‡ Estimated incidence of thromboembolic events per 100 patients / year. See Lip et al33; § HAS-BLED: risk score for major 
bleeding on oral anticoagulation. See Pisters et al30; // Estimated incidence of major bleeding per 100 patients / year. See Pisters et al 30.
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of the appendice’s ostium and neck. The neck is considered the 
optimal release zone of the prosthesis’ lobe (Fig. 3). The device 
size had been set, the Mullins sheath was replaced by TDS and 
the implant was placed. The images assessed the appropriate 
implant preserving the integrity of adjacent structures (Fig. 4 and 
5). Table 3 shows immediate results and explains the choice 
of prosthesis size.

The occlusion of the LAA was successfully performed in 
all cases and by transseptal puncture, since no patient had a 
patent foramen ovale or atrial septal defect. When there was 
no success at first attempt, we proceeded to recapture and 
exchange the device for another of a slightly different size. Due 
to the existence of stabilizers (hooks), it is recommended that 
the recapture is always accompanied by the exchange of TDS. 
Two patients had sinus bradycardia with hypotension during 
transseptal puncture, a scenario that was promptly reversed 
by administration of atropine (1 mg IV bolus). In subsequent 
cases, another deep venous access was available for an eventual 
implantation of pacemaker, which was never necessary.

Follow-up
There were no cardiovascular events or bleeding 

complications related to vascular access in the hospital course. 

Due to the diagnosis of Takotsubo syndrome, the patient 
4 made a cardiac MRI, which again confirmed the proper 
placement of the prosthesis. All patients were discharged 
using DAPT and without OAC. Endocarditis prophylaxis was 
recommended in the event of surgery in the first six months35. 
In the 30 days follow-up after discharge, no significant clinical 
events were observed and all patients were treated with DAPT 
for a month. Four patients were in chronic use of aspirin for 
other indications. All patients underwent TEE control 30 days 
after surgery, showing no residual flow in the appendage or 
thrombosis in the proximal disk. The assessment by telephone 
at nine months showed no adverse clinical outcomes.

Discussion
The importance of LAA in the pathophysiology of embolic 

events associated with AF has been widely reported and it 
is well established. Despite being effective, the use of OAC 
for the prevention of embolic events in these patients has 
proved difficult and underutilized. In addition to the concern 
about the possibility of bleeding and difficulty in maintaining 
the agent within the therapeutic range, there is a need for 
frequent monitoring and the personal preference of patients1,2. 
Although Dabigatran (Boehringer Ingelheim Pharmaceuticals) 
has shown slightly better results, this agent is also not free of 
risk of bleeding19 and its high cost is a matter of consideration. 

Different strategies have been used for ablation of AF 
with apparent success, but generally these efforts have been 
directed to symptomatic patients and in some few cases, to 
young patients refractory to drug therapy, or patients with 
prohibitive risk from occupational exposure1.

The first attempts at obliteration of the LAA to prevent 
embolism in AF occurred in patients with mitral stenosis who 
underwent different isolation strategies or withdrawal of the 
LAA in surgeries11 or thoracoscopy. But the performance of 
thoracoscopy or surgery in patients with atrial fibrillation without 
valvular disease has never been an attractive idea. However, 
these experiments substantiated the concept that the occlusion 
of the LAA could be effective in preventing CVA24.

The system PLAATO (ev3. Inc., Plymouth, USA) was the 
first to be developed for the percutaneous occlusion of LAA20. 
It was used since 2002 in patients with contraindication to 
OAC, and has proven to be safe and effective, with a 42% 
reduction in the expected rate of stroke/TIA in a multicenter 
observational study with five years follow-up23. For economic 
reasons, this device is no longer available36,37. A second 
dedicated device, the WATCHMAN Left Atrial Appendage 
System (Atritech., Plymouth, USA) has been used since 
2007 in patients with indication of OAC22. A controlled 
multicenter study (PROTECT AF) randomized patients for 
intervention or warfarin25. The group undergoing implant 
needed to use warfarin for at least 45 days, the time usually 
required for endothelialization of this device. The primary 
endpoint consisted in the occurrence of stroke, cardiovascular 
or unexplained death and pulmonary embolism, and was 
38% lower in the device group. The study documented 
the noninferiority of the device regarding warfarin, but as 
expected, the group undergoing the intervention experienced 
periprocedural complications. Some of these complications 

Figure 3 – Above, Transesophageal Echocardiography (46º): visualization of 
the ostium of the atrial appendage in dotted green. The neck, in the yellow dot is 
the region where the appendage first changes direction. Its diameter is measured 
between the origin of the Circumflex Artery and the roof of the appendage, at least 
10 mm below the Ligament of Marshall. Below, measurements by Angiography 
(RAO cranial) in another patient. LA - Left atrium; LAA - Left atrial appendage.
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Figure 4 – Angiography (RAO Caudal): implant with satisfactory concavity of the disc, appropriated separation between the disk and lobe, and proper alignment in 
the atrial appendage. The appearance of “tire” features the appropriate size of the prosthesis, as aspects of “strawberry” or “square” suggest size respectively smaller 
or larger than the indicated28. We also observed the absence of flow in the atrial appendage and patency of the left superior pulmonary vein. LA - left atrium, MV - mitral 
valve, LV - left ventricle; LSPV - left superior pulmonary vein.

Figure 5 – Transesophageal Echocardiography (63º): Implanted device. Note the preservation of surrounding structures. Not shown in the picture, but the Echocardiogram 
also allows us to evaluate the integrity of the mitral valve and the absence of flow in the atrial appendage. LAA - Left atrial appendage.
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led to changes in the device22 and others were related to the 
learning curve37. This device is not approved for clinical use in 
the United States, where the Food and Drug Administration 
(FDA) is awaiting the results of a continuous record of 
patients38. Part of these results was published, demonstrating 
the importance of the learning curve37.

Soon after the introduction of PLAATO, Meier et al21 reported 
percutaneous closure of the LAA with the use of AmplatzerTM 
devices traditionally used for closure of atrial septal defect. 
There were 16 cases, in which seven of them had a history of 
side effects or occupational exposure that prevents OAC usage. 
The other nine patients underwent implantation on their own 
volition. In 14 patients the procedure was performed under local 
anesthesia and in 11 patients there was no echocardiographic 
monitoring, being successful in all cases. Follow-up ranged from 
one to 12 months and there were no complications21. Despite 
this initial experiment, in a further series of 44 patients, three 
patients did not obtain the closure, one patient needed a new 
intervention and there were six events of embolization in the 
device35. Considering the fragility of the wall of the LAA, with 
approximately 1mm in thickness38, the manufacturer developed 
the ACP, a device designed for this intervention26-29.

In our initial experience, considering the proven effectiveness 
of the OAC, we were concerned on establishing inclusion 
criteria regards the risk of embolism and bleeding. The primary 
outcome of the LAA occlusion was performed in all cases 
and the device proved to be safe without periprocedural 
complications. Contrary to the experience of Jilaihawi and 
Kar39, though the echocardiographic measurements appeared 
relatively accurate in our study, we often oriented the 
choice of the prosthesis by angiographic measurements. But 
echocardiography guidance was valuable in monitoring the 
integrity of surrounding structures and the absence of flow in 

the LAA, thereby ensuring the optimal implantation. We also 
believe that this method facilitates transseptal puncture and 
can expedite the detection of possible complications. The 
OAC was suspended days in advance to the intervention and 
device thrombosis was not found in the nine-month follow-up. 
Perhaps the use of DAPT could have been extended for up to 
three months40, but due to clinical and socioeconomic reasons 
it was not interesting in our population.

Conclusions
Controlled clinical trials are needed before percutaneous 

closure of the LAA becomes an alternative to OAC in 
patients with permanent or long-term persistent nonvalvular 
AF. But the device has shown to be promising in patients 
at high risk of embolism and limitations to the use of OAC. 
Although the importance of the learning curve cannot be 
underestimated35,37,38, the operators’ familiarity with the 
devices AmplatzerTM might be an advantage in the initial 
experience with this intervention28.

By the time of publication, there was no adverse endpoints 
on the 14 months follow-up.
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Table 3 - Immediate results

Case 1 2 3 4 5

Echocardiographic data

Ø of LA 65 57 40 45 67

Ø Ostial of LAA (mm) 29 20 18 26 26

Ø of Neck of LAA (mm) 24 18 18 24 21

Number of lobes of LAA 1 1 1 1 1

Angiographic data

Ø Ostial of LAA (mm) 22.9 22.5 22.2 23.8 24.1

Ø of Neck of LAA (mm) 24.8 22.0 17.0 22.6 20.8

Results of Intervention

Successful Implantation Yes Yes Yes Yes Yes

Success at first attempt Yes No    Yes Yes No

Residual flow in LAA No No No No No

Ø of Lobe of ACP (mm)* 28 26 20 26 26

Hospitalization (total days) 4 29 3 78 3

Discharge (days after intervention) 1 4 1 7 1

Ø - diâmeter; LA - left atrium; LAA - left atrial appendage; ACP - Amplatzer Cardiac Plug™; * The Dispositive is available in different sizes regarding the distal lobe diameter, 
varing from 16 a 30 mm, at 2mm increments. The proximal disc is 4 mm large than the lobe on the de 16 to 22 mm prostesis, and 6 mm large on the 24 to 30 mm ones. 
The lobe is always 6,5 mm deep. It is reccomended to use a prostesis with a lobe 2 to 4 mm large than the appendice’s neck diameter.
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