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Atrial fibrillation (AF) is a major global health challenge, with an 
estimated prevalence in the general population of 1 - 2%.[1] It becomes 
more common with age, and affects up to 15% of octogenarians.[1,2] 
AF has been shown to be independently associated with all-cause 
mortality, heart failure and non-fatal stroke.[1,3]

Oral anticoagulants (OACs) have traditionally been used for the 
prevention of stroke, but many AF patients are intolerant to OACs, 
non-adherent, or at an unacceptably high bleeding risk when taking 
OACs.[4] Percutaneous left atrial appendage occlusion (LAAO) with a 
dedicated device is an alternative approach to thromboprophylaxis in 
such individuals.[2] Percutaneous LAAO has been shown to be non-
inferior compared with OACs for stroke prevention in large clinical 
trials, e.g. the WATCHMAN Left Atrial Appendage System for 
Embolic Protection in Patients With Atrial Fibrillation (PROTECT 
AF).[2] Only very limited data are available on percutaneous LAAO 
in South Africa (SA), and no local outcome data have been reported. 
We therefore compared the safety and efficacy outcomes of an SA 
percutaneous LAAO programme with larger international series.

Methods
Study population and data collection
All adult patients (≥18 years) who underwent percutaneous LAAO 
from 2013 to 2020 at a single centre (SAEndovascular, Kuils River 
Netcare Hospital, Cape Town) were included from an ongoing 
clinical registry. Patients with incomplete clinical data were excluded. 
Written informed consent was obtained pre-procedure for all patients 

undergoing LAAO. Patients were followed up for the primary 
endpoint of all-cause mortality and stroke. Survival data were 
collected from medical chart review and telephonic follow-up. 
All data used in the current study were collected for routine 
clinical purposes and handled anonymously. The study protocol 
was approved by the Health Research Ethics Committee, Faculty 
of Medicine and Health Sciences, Stellenbosch University (ref. no. 
N20/11/119) and the Netcare Research Operations Committee (ref. 
no. TRIAL-2021-0050).

Percutaneous LAAO insertion technique
All LAAO procedures were performed under transoesophageal 
echocardiography (TOE) guidance. Trans-septal puncture was 
performed via right femoral venous access, and the sheath and dilator 
were advanced into the superior vena cava before being exchanged 
for a trans-septal needle. The interatrial septum was punctured under 
TOE guidance, whereafter a stiff 0.035-inch guidewire was advanced 
into the left atrial appendage (LAA) under TOE guidance, facilitated by 
low-volume radiographic contrast (Iomeron; Bracco, Italy) injections. 
Systemic anticoagulation was achieved with intravenous heparin 
administration after successful trans-septal puncture. The trans-
septal sheath was subsequently exchanged for a 14F TorqueVue 45 × 
45 delivery sheath (Abbot Vascular, USA), which was advanced into 
the LAA. The appendage was delineated with a contrast injection and 
measured fluoroscopically. Amplatzer or Amulet (Boston Scientific/
Abbot Vascular, USA) LAAO devices were deployed via the delivery 
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sheath under fluoroscopic and TOE guidance. After ensuring correct 
placement of the LAAO with a tug test, fluoroscopic confirmation of 
mild lobe compression, separation of the lobe and disc, and a concave 
shape of the disc, deployment of the lobe at a right angle to the LAA 
axis was performed. Finally, major peri-device leaks were excluded 
with TOE before the device was released and the delivery cable and 
sheath retracted from the left atrium (LA) (Fig. 1).

Statistical analysis
Normality was assessed by visual comparison of data histograms 
with a normal probability curve, as well as Q-Q plots and detrended 
normal Q-Q plots. Continuous data are presented as means and 
standard deviations (SDs) when normally distributed, and as medians 
and interquartile ranges (IQRs) when not normally distributed. 
Categorical data are expressed as frequencies and percentages. Survival 
analysis was performed with the Kaplan-Meier method. All tests were 
two-sided and a p-value <0.05 was considered statistically significant. 
Analyses were performed with SPSS for Windows version 25.0 (IBM 
Corp., USA) and GraphPad Prism 9 (GraphPad Software, USA).

Results
Baseline patient characteristics and indication for LAAO
A total of 101 LAAO recipients (mean (SD) age 77 (10) years, 
64% male) were analysed. The baseline characteristics of the study 
population are summarised in Table 1. Underlying vascular risk 
factors were common, and almost two-thirds of the patients had 
comorbid coronary artery disease. The most common type of AF 
was permanent, followed by paroxysmal and, lastly, persistent. 

Severe prior haemorrhage was the most common indication for 
LAAO, and a major haemorrhagic episode was the most frequent 
contraindication to OACs.

Procedural aspects of LAAO
The mean (SD) device size was 23 (3) mm and the procedural 
success rate was 98%. The mean fluoroscopy time was 31 (24) 
minutes, and the mean total procedural dose area product was 122.8 
(116.2) Gy.cm2. Four patients (4%) had a life-threatening procedural 
complication: tamponade n=2 (2%) and device embolisation n=2 
(2%). The mean time to hospital discharge was 2.8 (5.4) days.

Long-term outcome after LAAO
After a median (IQR) follow-up of 21 (5 - 41) months, 6 patients 
(6%) experienced stroke or all-cause mortality. The cumulative event 
rate for stroke or all-cause mortality was 0%, 2% and 7% at 20, 40 
and 60 months’ follow-up, respectively (Fig. 2). Eight patients (8%) 
resumed OACs after LAAO. A breakdown of the reasons is provided 
in Table  2, from which it can be seen that the majority were not 
related to failure of LAAO.

Discussion
AF and stroke prevention: Balancing risks and benefits
Patients with AF are at increased risk of systemic thromboembolism, 
particularly ischaemic stroke. The incidence of stroke in patients with 
non-valvular AF is ~5% per year, and 25% of ischaemic strokes may 
be ascribed to cardiac embolism due to underlying AF.[5] Moreover, 
AF-related strokes are associated with higher mortality and morbidity 

 

Fig. 1. Percutaneous LAAO technique. (A) A TOE view of the LAA, demonstrating the Coumadin/warfarin ridge (yellow arrow) separating the LAA from 
the left superior pulmonary vein, as well as the circumflex coronary artery (red arrow). The LAA is unilobed and has a windsock morphology. Spontaneous 
echocardiographic contrast is visible in the LAA lumen. (B) Slice-rendered images, derived from a three-dimensional echocardiographic TOE dataset of the 
LAA, allowing measurement of the landing zone, which is used for device sizing. (C) Bicaval TOE view of the interatrial septum and RA, with tenting (yellow 
arrow) of the interatrial septum by the trans-septal needle, prior to trans-septal puncture. (D) Three-dimensional TOE volume-rendered image, showing 
the delivery sheath (yellow arrow) traversing the interatrial septum (red arrow). (E) Fluoroscopic right anterior oblique 30o cranial 10o view, demonstrating 
radiographic contrast injection and delineation of the LAA via the delivery sheath. (F) Deployment of the distal lobe of the LAAO device (Amulet). (G) 
Unsheathing of the proximal disc (red arrow) of the LAAO device, which is still attached to the delivery cable. Separation of the disc and lobe (yellow arrow) 
has occurred. (H) The LAAO device has been released from the delivery cable, and the deployed lobe (which is mildly compressed and deployed at a right 
angle to the LAA axis) and disc (which is shaped concavely and occludes the orifice of the LAA) can be seen. (I) Three-dimensional TOE view of the deployed 
and released LAAO, seen from an LA perspective. (LAAO = left atrial appendage occlusion; TOE = transoesophageal echocardiography; LAA = left atrial 
appendage; RA = right atrium; LA = left atrium.)
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than non-AF strokes, emphasising the need for more effective stroke 
prevention in these individuals.[6]

Traditionally, anticoagulation with vitamin K antagonists (VKAs), 
e.g. warfarin, is employed to reduce the thromboembolic risk in 
AF.[4] A meta-analysis of five randomised clinical trials has shown 
that oral anticoagulation (OAC) results in a relative risk reduction of 
68% (95% confidence interval (CI) 50 - 79%; p<0.001) for ischaemic 
stroke.[7] Novel oral anticoagulants (NOACs), however, are currently 
recommended in preference to VKAs, except in the presence of 
moderate to severe mitral stenosis or a mechanical heart valve.[1,3] 
NOACs include dabigatran, rivaroxaban, apixaban and edoxaban 
(the last currently unavailable in SA). Recent randomised trials 
have furnished evidence that not only are NOACs non-inferior or 
superior to VKAs for the prevention of ischaemic stroke, but they 

also demonstrate a decreased risk of cerebrovascular haemorrhage 
among AF patients with a moderate to high stroke risk. In contrast to 
VKAs, NOACs have the advantage of not requiring therapeutic drug 
monitoring.[8] VKAs and NOACs are indicated for the prevention 
of thromboembolism in AF in the presence of a CHA2DS2VASc 
(Congestive heart failure, Hypertension, Age, Diabetes mellitus, 
Stroke, Vascular disease, Age, Sex) score >1 - 2.[1,3,9]

The major unwanted effect of OAC (using VKAs or NOACs) is 
bleeding. Various factors have to be taken into consideration when 
deciding on the risk-benefit ratio of initiating OAC in a patient 
with AF. The HAS-BLED (Hypertension, Abnormal liver and renal 
function, Stroke, Bleeding, Labile international normalised ratio 
(INR), Elderly, Drugs or alcohol) score was developed to assess the 
1-year risk of major haemorrhage in patients receiving OAC for 

Table 1. Baseline patient characteristics (N=101)
Age (years), mean (SD) 75 (10)
Male, n (%) 65 (64)
Comorbidities, n (%)

Heart failure 57 (56)
Diabetes mellitus 34 (34)
Dyslipidaemia 81 (80)
Coronary artery disease 59 (58)
LEAD 18 (18)
Prior stroke or TIA 23 (23)

Pharmacotherapy, n (%)
Statin 79 (78)
Beta-blocker 72 (71)
ACEI/ARB 83 (82)
Aspirin 69 (68)
Clopidogrel 31 (31)

AF type, n (%)
Paroxysmal 9 (9)
Persistent 1 (1)
Permanent 91 (91)

CHA2DS2VASc score, mean (SD) 3.6 (1.5)
OAC, n (%) 89 (88)

Warfarin 60 (59)
NOAC 29 (29)

Indication for LAAO, n (%)
Haematological 2 (2)
Recurrent haemorrhage 18 (18)
Severe prior haemorrhage 24 (23)
Combined dual antiplatelet therapy 12 (12)
Poor adherence to OACs 17 (17)
High risk of falls or previous falls 13 (13)
Contraindication to OACs 15 (15)

Contraindication to OACs, n (%)
Major haemorrhagic episode 39 (38)
Erratic INR or logistical 32 (32)
Cerebrovascular haemorrhage 5 (5)
Drug interactions 17 (17)
Haematological 5 (5)
GIT haemorrhage 1 (1)
Hepatic dysfunction 2 (2)

LEAD = lower extremity arterial disease; TIA = transient ischaemic attack; ACEI = angiotensin-converting enzyme inhibitor; ARB = angiotensin receptor blocker; AF = atrial fibrillation; 
CHA2DS2VASc = Congestive heart failure, Hypertension, Age, Diabetes mellitus, Stroke, Vascular disease, Age, Sex; OAC = oral anticoagulant; NOAC = novel oral anticoagulant;  
LAAO = left atrial appendage occlusion; INR = international normalised ratio; GIT = gastrointestinal tract.
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thromboprophylaxis in AF.[10] A HAS-BLED score of >3 may be used 
to identify individuals at high risk of bleeding.[9] In addition, previous 
or current life-threatening haemorrhage or a patient’s perceived frailty 
and a high risk of traumatic falls should be taken into consideration 
when deciding to initiate OAC.[11-13] Furthermore, the effective use of 
OAC (VKAs or NOACs) is dependent on patient adherence.

AF thromboprophylaxis: The role of the LAA and LAAO
The pathogenesis of thrombus formation in non-valvular AF is 
multifactorial, and still not fully understood. It is increasingly 
being recognised that, in addition to LA stasis secondary to the 
arrhythmia itself, a procoagulant state exists that contributes to 
thrombus formation in AF.[14] Underlying this prothrombotic milieu 
are endothelial and/or endocardial dysfunction, altered haemostasis, 
platelet dysfunction and dysregulation of fibrinolysis. Inflammation 
of both the LA and the pericardial adipose tissue, as well as LA 
fibrosis, are also implicated in the pathogenesis of AF and thrombus 
formation.[15] The LAA is the only region within the LA composed 
of pectinate muscles and is a low-flow zone, making it particularly 
prone to stasis of blood and thrombus formation.

LAAO in AF is predicated on the fact that only a small percentage 
(<10%) of clinically relevant emboli in non-valvular AF originate 
outside the LAA.[5,16-18] After excluding the LAA as an embolic 
source, additional thromboprophylaxis with a VKA or NOAC can be 
avoided in patients who are intolerant to these medications or non-
adherent, or have a high bleeding risk.[3] LAA occlusion techniques 

have evolved from being primarily surgical to being percutaneous. 
Originally, surgical ligation of the LAA at the time of mitral valve or 
coronary artery bypass surgery was shown to reduce the incidence 
of cardioembolic events in patients with AF.[17,19] Percutaneous 
LAAO was developed as a less invasive alternative, and the PLAATO 
(Appriva Medical, USA) device represented the first iteration of 
percutaneous LAAO.[18] This was followed by several others, most 
notably the WATCHMAN device (Boston Scientific, USA), the 
Amplatzer Cardiac Plug (Boston Scientific, USA) and the Amulet 
device (Abbot Vascular, USA).

The PROTECT AF trial was a prospective study that randomised 
70 patients with non-valvular AF and a CHADS2 score (precursor of 
the CHA2DS2VASc score) ≥1 to either LAAO with the WATCHMAN 
device or warfarin in a 2:1 fashion.[2] The mean (SD) age of the 
intervention group was 72 (9) years, and 70% of patients were male;[2] 
17% of participants in the intervention group had had a previous 
stroke or transient ischaemic attack (TIA).[2] Baseline characteristics 
were therefore comparable to our cohort. Patients were followed 
up for the primary composite endpoint of stroke, cardiovascular 
or unexplained death or systemic embolism.[2] After 24 months 
of follow-up, the cumulative event rate (which served as the basis 
for the definition of the primary endpoint in our study) was 5.9% 
(95% CI  3.1 - 8.8) for the LAAO arm, compared with 8.3% (95% 
CI 4.0 - 12.5) for the control group, which is almost identical to our 
results.[2] After 24 months, the composite safety endpoint (excessive 
bleeding, e.g. intracranial or gastrointestinal, or procedure-related 
complications, e.g. serious pericardial effusion, device embolisation 
or procedure-related stroke) was 10.2% (95% CI 7.4 - 13.0), which is 
higher than that of our patient cohort.[2]

Although the Evaluation of the WATCHMAN LAA Closure 
Device in Patients With Atrial Fibrillation Versus Long Term 
Warfarin Therapy (PREVAIL) trial, following the original PROTECT 
AF protocol, failed to demonstrate non-inferiority of LAAO to 
warfarin using an identical endpoint, a significantly lower adverse 
event rate was recorded for LAAO recipients.[20] More recently, 
the Interventional Left Atrial Appendage Closure vs. Novel 
Anticoagulation Agents in High-risk Patients With Atrial Fibrillation 
(PRAGUE-17) study performed a head-to-head comparison between 
NOACs and LAAO, demonstrating non-inferiority (subdistribution 
hazard ratio (sHR) 0.84; 95% CI  0.53 - 1.31; p=0.44; p=0.004 for 
non-inferiority).[21,22] There were no between-group differences for 
the following endpoints: stroke/TIA (sHR 1.00; 95% CI 0.40 - 
2.51; p=0.99), clinically significant bleeding (sHR 0.81; 95% 
CI  0.44 - 1.52; p=0.51) and cardiovascular death (sHR 0.75; 95% 
CI 0.34 - 1.62; p=0.46).[21,22] On the basis of current evidence, the 
European Society of Cardiology’s AF guideline provides a class IIb 
recommendation to LAAO for ‘stroke prevention in patients with 
AF and contraindications for long-term anticoagulant therapy (e.g. 
intracranial bleeding without a reversible cause)’.[1]

LAAO in SA
VKAs remain the primary mode of AF thromboprophylaxis in SA 
patients. In the Atrial fibrillation Clopidogrel Trial with Irbesartan 
for prevention of Vascular Events (ACTIVE W), however, INRs were 
in the therapeutic range only 40% of the time for SA participants. [23] 
LAAO is therefore a viable and attractive alternative to OAC but is 
being performed in only a few centres in SA. As far as the authors 
are aware, only a single case series of percutaneous LAAO has been 
published from SA, and no outcome data were reported.[24] The 
establishment of a multicentre registry may be of value to both 
clinicians and funders.
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Fig. 2. Kaplan-Meier survival curve. Event-free survival of percutaneous 
left atrial appendage occluder recipients. The shaded area represents 95% 
confidence intervals.

Table 2. Indications for resumption of oral anticoagulation 
after percutaneous left atrial appendage occlusion*
Patient no. Indication
1 PE
2 Stroke
3 DVT
4 PE
5 PE
6 PE
7 PE
8 PE

DVT = deep-vein thrombosis; PE = pulmonary embolus.
*Indications are listed on a per-patient basis.
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We have demonstrated that a successful LAAO programme can 
be established locally, with outcome data that are comparable to 
large international series, e.g. PROTECT AF. We advocate for the 
appropriate and timely referral of AF patients who are intolerant or 
non-adherent to OACs, or who have an unacceptably high bleeding 
risk, so that LAAO can be considered as an alternative prophylactic 
strategy. Potential obstacles to this approach are: (i) the dedicated 
training that is required for both peri-procedural imaging and 
performance of LAAO itself; (ii) lack of awareness of the availability 
of LAAO and established referral pathways; (iii) the perception of 
high cost of LAAO; and (iv) the limited number of local centres 
currently offering percutaneous LAAO.

Study limitations
This was a single-centre, retrospective analysis, and may have been 
subject to selection bias. Clinical events were adjudicated locally and 
not by a central committee. Systematic follow-up with TOE was not 
performed at regular time intervals for all patients, and therefore the 
incidence of peri-device leak could not be reported on. Mortality data 
are available for all-cause mortality only, and sub-analyses for cardiac 
and non-cardiac mortality could not be performed. The number of 
patients receiving a NOAC was too small to perform a sub-analysis 
comparing them with warfarin.

Conclusions
The safety and efficacy outcomes of an SA percutaneous LAAO 
programme were comparable to large international series. A successful 
percutaneous LAAO programme is feasible in an SA setting.
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