
Page 1 of 76 
 

EAR041 August 2022 

 
 

 

 

Evidence Appraisal Report 
 

Left atrial appendage occlusion to treat adults with non-valvular 
atrial fibrillation and contraindications to anticoagulation 

Executive summary 

• This report aims to identify and summarise evidence that addresses the following question: 
What is the clinical and cost effectiveness of left atrial appendage occlusion to treat adults 
with atrial fibrillation that are contraindicated to anticoagulants? 

• Atrial fibrillation (AF) is the most common type of cardiac arrhythmias characterized by an 
irregular and often very rapid heart rhythm that can result into blood clots in the heart. Oral 
anticoagulants, such as warfarin and direct-acting oral anticoagulants, are recommended 
for people with AF to reduce the risk of stroke. However, a proportion of people with AF cannot 
take these drugs due to contraindications.  

• Left atrial appendage occlusion (LAAO) is a percutaneous intervention that mechanically 
blocks the left atrium appendage where most of the blood clots are known to form. LAAO has 
been recommended in England and Scotland as an alternative treatment for people with AF 
that are unable to take oral anticoagulation. 

• We identified one systematic review with meta-analysis of 29 non-comparative studies on 
the clinical follow-up of LAAO for adults with non-valvular AF contraindicated to 
anticoagulants (Labori et al. 2021), eight additional non-comparative studies on LAAO for 
adults with non-valvular AF and contraindications to anticoagulants (Asmarats et al. 2018, 
Briosa et al. 2021, Chen et al. 2019, Chiu et al. 2021, Ding et al. 2021, Hildick-Smith et al. 2020, 
Llagostera-Martin et al. 2021, Saw et al. 2017), and data from the Commission Through 
Evaluation (CtE) registry in England (Willits et al. 2019). 
 

• Systematic review and meta-analysis: 
- They concluded that LAAO is potentially effective as a stroke prevention for adults with 

AF with increased risk of stroke and contraindications to oral anticoagulation. This 
was based on the reported incidence rate of ischaemic stroke post LAAO, which was 
1.38 per 100 patient-years (95%CI 1.08 to 1.77). 
 

• Additional non-comparative studies on LAAO for adults with AF and contraindications to 
anticoagulants: 

- They reported outcomes on ischaemic stroke events post the LAAO procedure. 
However, their findings varied, reporting annual rates of ischaemic/embolic stroke 
between 0 and 2.2%.  

- This type of study design is more prone to bias compared to other experimental 
studies, such as RCTs. Thus, these findings should be interpreted with caution given 
the limitations of their study design. 
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• CtE registry in England:  
- The CtE registry provided evidence that the LAAO is procedurally successful in about 

nine out of ten adults with AF with contraindications to oral anticoagulants. They 
reported that LAAO is associated with a decreased risk of ischaemic events compared 
with historical epidemiological data in patients with a similar baseline risk.  
 

• To date, the evidence available on LAAO in adults with AF and contraindications to oral 
anticoagulation appears to be at the IDEAL framework stage 2b ‘exploration’ for surgical 
interventions (McCulloch et al. 2009). Thus, it is vital for future research to focus on RCTs 
comparing LAAO with standard care in this population group. Currently, four ongoing RCTs 
are conducted to shed further light on the use of LAAO in adults with AF and contraindications 
to anticoagulation. 

• We included five health economic analyses which compared LAAO with a range of 
comparators, in people with AF and with contraindications to anticoagulation. This included 
two directly applicable UK health economic analyses; a cost analysis and a cost consequence 
analysis. Both were assessed as having potentially serious limitations. The cost consequence 
analysis which was presented as part of the CtE study reported that LAAO in addition to 
medical therapy was more expensive than medical therapy alone, while the cost analysis 
reported that LAAO was cheaper than aspirin and no treatment at 10 years.   

• We also included three partially applicable cost-utility analyses, each of which were assessed 
as having potentially serious limitations. The German and Canadian cost-utility analyses 
concluded that LAAO was dominant (more effective and less costly) compared with aspirin or 
long-term apixaban, and dominant compared with aspirin alone, respectively. The Swedish 
cost-utility analysis found that LAAO was cost effective compared with no pharmacological 
antithrombotic treatment (no aspirin). 

• Due to the lack of comparative evidence identified, the HTW cost-utility analysis shares some 
of the limitations of the published cost-utility analyses, most notably in the use of predicted 
ischaemic stroke rates from the CHA2DS2-VASc tool for the comparator arm. The HTW cost-
utility analysis found LAAO in addition to standard care was more expensive and more 
effective than standard care alone, and the ICER of £42,302 per QALY gained showed that it 
was not cost effective. 

• In threshold analyses, we showed that LAAO would become cost effective compared with 
standard care if the cost of LAAO decreased to £9,039 (from £15,839 in the base case), if the 
annual risk of first ischaemic stroke was 7.32%, or if baseline age were 67. 

• In deterministic sensitivity analyses, LAAO was not cost effective in most scenarios. When it 
was assumed that people in the ‘AF healthy’ health state have the same mortality rate as the 
general population (i.e. there is no increase in mortality due to having AF) LAAO was cost 
effective. LAAO was also cost effective when the baseline age of people entering the model 
was reduced from 74.5 to 64.4, which is the lowest mean age of studies included within Labori 
et al. LAAO is cost effective in these scenarios because the people in the model receive the 
benefit of LAAO for longer. 

• In probabilistic sensitivity analysis, there was a 20% probability that LAAO is cost effective 
compared with standard care at a threshold of £20,000 per QALY. 
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1. Purpose of the evidence appraisal report 

This report aims to identify and summarise evidence that addresses the following question: 
What is the clinical and cost effectiveness of left atrial appendage occlusion to treat adults with 
atrial fibrillation that are contraindicated to anticoagulants? 

Evidence Appraisal Reports are based on rapid systematic literature searches, with the aim of 
identifying the best published clinical and economic evidence on health technologies. 
Researchers critically evaluate this evidence. The draft Evidence Appraisal Report is reviewed by 
experts and by Health Technology Wales multidisciplinary advisory groups before publication. 

 

2. Health problem 

Atrial fibrillation (AF) is the most common form of cardiac arrhythmia and is characterised by 
an irregular and often very rapid heart rhythm that can result in blood clots in the heart (NICE 
2021). These blood clots tend to be formed in the left atrial appendage, which is a small, pouch-
like sac in the muscle wall of the left atrium, located on the top left heart chamber (NICE 2021). 
The estimated prevalence of AF in the UK varies between 2.5% and 3.29% (Adderley et al. 2019, 
NICE 2022). AF is more common in older adults (≥85 years) and men rather than women (Adderley 
et al. 2019, NICE 2021). Compared to the general population, people with AF are five times more 
likely to experience ischaemic stroke (Baman et al. 2018).  

Anticoagulants are medications aiming to prevent blood clots. They are broadly divided into two 
categories: (1) vitamin K oral anticoagulants (e.g., warfarin) and (2) direct oral anticoagulants, 
collectively also known as non-vitamin K antagonists and novel oral anticoagulants (e.g., 
apixaban, edoxaban, dabigatran and rivaroxaban) (Zirlik & Bode 2017). These medications are 
recommended for people with AF to reduce the risk of stroke (NICE 2021, Zirlik & Bode 2017). 
However, a proportion of people with AF cannot take these drugs due to relative or absolute 
contraindications (NICE 2021, Pedretti 2017). There is a lack of consensus on which oral 
anticoagulation should be considered as ‘relative’ and ‘absolute’ contraindications as current 
guidelines do not clearly define both terms (Pedretti 2017). The Buckinghamshire NHS Trust (2011) 
reported that relative contraindication to oral anticoagulation includes previous history of 
intracranial haemorrhage, current major extracranial bleed event within six months where the 
cause has not been identified or treated, recent documented peptic ulcer within the past three 
months, current history of reoccurring iatrogenic falls in patient at higher bleeding risk (HAS-
BLED ≥ 3), dementia or marked cognitive impairment with poor compliance in medicines and no 
access to caregiver support, or chronic alcohol substance abuse. They reported that absolute 
contraindication to oral anticoagulation includes risk of severe bleeding within 72 hours of major 
surgery, previously documented hypersensitivity to either the drug, acute clinically significant 
bleed, decompensated liver disease or deranged baseline clotting screen (international 
normalised ratio >1.5), pregnancy or within 48 hours post-partum, or severe renal impairment 
(Buckinghamshire NHS Trust 2011). In this report, we use the term ‘contraindication’ to describe 
a history of major bleeding event while receiving an oral anticoagulant, or recent history of 
intracranial haemorrhage or bleeding event (Pedretti 2017, SHTG 2019).  

 

3. Health technology 

Left atrial appendage occlusion (LAAO) is a percutaneous intervention that mechanically blocks 
the left atrial appendage where most of the blood clots are known to form (NICE 2010). It is 
considered as preventive treatment that potentially reduces the risk of stroke in people with AF 
who have contraindications to oral anticoagulation (NICE 2021). 
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The surgical procedure is performed by cardiologists and the patient is under a general 
anaesthesia, although sometimes local anaesthesia along with sedation might be used (AFA 
2022). The procedure involves inserting a guide sheath (i.e., flexible tube) through a large vein 
into the groin and threading up to the right heart atrium (AFA 2022). The sheath is then passed 
through the left heart atrium either through a naturally existing hole in the atrium wall or a small 
surgical incision delivered by the cardiologist. Thereafter, the sheath is guided to the left atrial 
appendage mouth and the LAAO device is passed through the sheath into the appendage. As soon 
as the LAAO device is in place, blocking the left atrial appendage, the sheath is withdrawn (AFA 
2022). To date there are several LAAO devices available, such as the Amplatzer Amulet (Abbott 
Medical), the Watchman and Watchman FLX (Boston Scientific).  

The European Society of Cardiology (ESC) in collaboration with the European Association for 
Cardio-Thoracic Surgery have developed guidelines for the diagnosis and management of AF 
(Hindricks et al. 2021). The ESC guidelines state that the common justification for LAAO referral 
in clinical practice is a perceived high bleeding risk or contraindications to oral anticoagulation, 
while also highlighting that use of LAAO devices in these populations have not been examined in 
randomised studies (Hindricks et al. 2021). Thus, they concluded that there is a need for high 
quality randomised control trials (RCTs) comparing LAAO and direct oral anticoagulants in adults 
with relative or absolute contraindications to oral anticoagulation (Hindricks et al. 2021). 

LAAO has been recommended in England and Scotland as an alternative treatment for people 
with AF who are unable to take oral anticoagulation. In 2021, the National Institute for Health and 
Care Excellence (NICE) published a  guideline (NG196) for the diagnosis and treatment of AF, 
recommending that LAAO should be considered if anticoagulation is contraindicated or cannot 
be tolerated, and that the risks and benefits should be discussed (NICE 2021). The NG196 
guideline also stated that LAAO should not be offered as an alternative treatment in people who 
can receive anticoagulation medications (NICE 2021). These NG196 recommendations a based on 
an evidence review undertaken in 2014.  

NICE also published an interventional procedures guidance (IPG349) on the efficacy and safety 
of percutaneous occlusion of the left atrial appendage in non-valvular AF for the prevention of 
thromboembolism (NICE 2010). The IPG349 recommendations concluded that based on the 
existing evidence LAAO can be considered efficacious, reducing the risk of thromboembolic 
complications associated with non-valvular AF. Regarding the procedure’s safety, the IPG349 
reported that there is a risk of life-threatening complications due to LAAO even though these 
incidences are low (NICE 2010). Thus, the IPG349 recommended that LAAO should only be used 
with special arrangements for clinical governance, consent, and audit or research (NICE 2010).  

In August 2019, the Scottish Health Technologies Group (SHTG) published advice on LAAO in 
people with non-valvular AF and contraindications to oral anticoagulation (SHTG 2019). The rapid 
review involved one systematic review, eight single-arm primary studies and data from the 
Commissioning through evaluation registry in England. It was highlighted that RCT evidence in 
this patient cohort was limited. SHTG (2019) advised that LAAO may be offered to patients with 
non-valvular AF considered to be at high-risk of ischaemic stroke with absolute 
contraindications to oral anticoagulation, including warfarin, and direct anticoagulants. 

 

4. Clinical effectiveness 

HTW searched for relevant evidence published since the SHTG (2019) evidence review. We did not 
identify any RCTs or other evidence comparing LAAO with usual care (e.g., oral anticoagulants, 
antiplatelets, no treatment) for people with non-valvular AF and contraindications to oral 
anticoagulants. We considered a recent systematic review and meta-analysis of non-
comparative studies on the clinical follow-up of LAAO for adults with non-valvular AF 
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contraindicated to anticoagulants as the highest priority evidence (Labori et al. 2021). We also 
identified eight additional non-comparative studies on LAAO for adults with non-valvular AF and 
contraindications to anticoagulants, published after the Labori et al. (2021) evidence search 
dates (Asmarats et al. 2018, Briosa et al. 2021, Chen et al. 2019, Chiu et al. 2021, Ding et al. 2021, 
Hildick-Smith et al. 2020, Llagostera-Martin et al. 2021, Saw et al. 2017), and data from the 
Commission Through Evaluation (CtE) registry in England (Willits et al. 2019). More detail on the 
evidence identification and selection process is available in Section 11. 

Labori et al. (2021) conducted a systematic review and meta-analysis estimating the long-term 
(weighted mean of 1.46 years) clinical effectiveness of LAAO as a stroke prevention for adults with 
non-valvular AF and increased risk of ischaemic stroke and contraindications to anticoagulants. 
The review included 29 observational studies using cohort design, with 7,951 participants in total. 
They performed a random effects Poisson regression and reported pooled estimates for 
incidence rates of ischaemic stroke and transient ischaemic attack, major bleeding, and all-
cause death after the post-procedural period. Further details on the systematic review and its 
findings are reported and summarised across Tables 1 (characteristics) and 3 (post-procedural). 

The eight non-comparative observational studies on LAAO for 1927 adults with non-valvular AF 
and contraindications to anticoagulation varied in terms of participant baseline characteristics, 
geographical location, outcomes reported and length of follow-up. Across all studies, most of the 
participants were men, above the age of 70 years old and mostly with contraindications to 
anticoagulants. Some of these studies included participants who were not contraindicated to 
oral anticoagulation, however the proportion of adults with contraindications to oral 
anticoagulation was greater than 70%. Details of the eight non-comparative observational 
studies and their findings are reported and summarised across Tables 2 (characteristics), 4 
(peri-procedural), 5 (post-procedural) and 6 (peri-device leak and device-related thrombus). 

The CtE observational registry in England involved 525 adults with non-valvular AF and 
contraindications to anticoagulation (Willits et al. 2019). The study conducted across ten 
different centres in England using different LAAO devices. Most of the participants were men with 
a median age of 75 years (interquartile range [IQR] 70 – 80 years) and mostly with 
contraindications to oral anticoagulation. Details of the CtE observational registry in England 
and its findings are reported and summarised across Tables 2 (characteristics), 4 (peri-
procedural), 5 (post-procedural) and 6 (peri-device leak and device-related thrombus). 
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Table 1. Systematic review and meta-analysis: Labori et al. (2021) 

Included studies Inclusion criteria Quality and Risk of Bias Observation/notes 

Number of studies: 29 
observational studies 
 
Total number of patients: 
7,951 
 
Publication year: 2021 
 
Median-weighted follow-up 
period: 1.46 years (range: NR) 
 
Locations: North America 
(n=2), South America (n=1), 
Europe (n=12), UK (n=2), Asia 
(n=4), Australia (n=1) and 
multinational (n=7) 
 
Population mean age: 64.4 
to 79.6 years old 
 
CHA2DS2-VASc score: mean 
4.32 (range: 3.6 to 5.0) 
 
HAS-BLED score: mean 3.19 
(range: 2.1 to 4.4) 

Review period: PubMed was 
searched up to October 2019 
(lower date limit NR). Google 
Scholar was searched for 
studies published in 2010 and 
later (upper search date limit 
NR). 
 
Review purpose: To estimate 
the long-term clinical 
effectiveness of LAAO for 
adults with AF and 
contraindications to oral 
anticoagulation. 
 
Included study designs: NR 
 
Outcome measures: Pooled 
incidence rates (Poisson 
random-effects model) for 
ischaemic stroke, transient 
ischaemic attack, major 
bleeding, and all-cause 
mortality after LAAO.  

Tool: Adjusted version of the NOS 
for cohort studies. Each study was 
judged based on two broad 
perspectives: (1) the selection of 
the study groups and (2) the 
ascertainment of either the 
exposure or outcome of interest 
for case-control or cohort studies 
respectively. 
 
Risk of Bias: Summary of risk of 
bias ratings provided for all 
studies.  
 
Bias detection in meta-analysis: 
Funnel plots constructed for each 
outcome using the trim and fill 
method to create symmetry.  

The review included only studies reporting long-term follow-up 
on percutaneous endocardial LAAO for adults contraindicated to 
oral anticoagulation. LAAO devices included the Watchman, 
Amplatzer cardiac plug (ACP), Amplatzer amulet, WaveCrest and 
LAmbre. 
 
The review reported that the post-procedural treatment after 
LAAO differed between and within the included studies. In most 
of the studies, adults were treated with a dual antiplatelet 
treatment for one to six months, followed by life-long single 
antiplatelet treatment. 
 
They reported estimates of the pooled incidence rate for (1) 
ischaemic strokes, (2) transient ischaemic attack, (3) major 
bleeding, and (4) all-cause mortality after LAAO using the inverse 
variance method for random effects. For individual studies with 
zero event, they applied a 0.5 continuity correction to calculate 
the individual incidence rate.  

Abbreviations 
AF: atrial fibrillation, CHA2DS2-VASc: congestive heart failure, hypertension, age ≥ 75 years, diabetes mellitus, stroke or transient ischaemic attack, vascular disease, age 65 to 74 years, 
sex category, HAS-BLED: hypertension, abnormal liver/renal function, stroke history, bleeding history or predisposition, labile INR, elderly, drug/alcohol usage, LAAO: left atrial appendage 
occlusion, NOS: Newcastle-Ottawa Scale; NR: not reported. 
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Table 2. Non-comparative observational studies published after Labori et al. (2021): design and characteristics 

Reference Study Design Participants LAAO device  Relevant outcomes 
Additional notes / Comments 
on applicability 

Asmarats 
et al. 
(2018) 

Non-comparative 
observational study 
 
Multicentre (n= 15, EU 
and Canada)  
 
Enrolment period: 
January 2015 and 
January 2018 
 
Follow-up: median 6 
(IQR 3 - 10) months  

n= 126  
 
Age (mean ± SD): 75 ± 8 years  
 
Sex: 57% male 
 
Contraindication to OAC: 92.9% 
 
Bleeding History: 78% 
 
CHA2DS2-VASc score (mean ± SD):  
5 ± 2  
 
HAS-BLED score (mean ± SD):  
4 ± 1 

Ultraseal/ Ultrasept  • Peri-procedure stroke  
• Peri-procedure mortality  
• Peri-procedure major bleeding 
• Hospitalization length 
• Follow-up 

o All-cause mortality  
o Cardiovascular mortality 
o Ischaemic/embolic 

stroke 
o Major bleeding  
o Peri-device leak (1-3 mm) 
o Peri-device leak (3-5 mm) 
o Device-related thrombus 

Most patients (~90%) were 
discharged on single or dual 
antiplatelet therapy, while only 
4% of patients received oral 
anticoagulation. 

Briosa et 
al. (2021) 

Retrospective non-
comparative 
observational study  
 
Single centre (Oxford, 
UK) 
 
Enrolment period: 
January 2010 and 
December 2020 
 
Follow-up: mean 3.9 ± 
3.7 years 

n= 229  
 
Age: median 74 years (IQR 70 - 79 
years) 
 
Sex: 72% male 
 
Contraindication to OAC: 98.6% 
 
CHA2DS2-VASc score (mean ± SD):  
4.4 ± 1.2  
 
HAS-BLED score (mean ± SD):  
3.2 ± 0.8 

Amplatzer Amulet 
(n=8)  
 
Amplatzer Cardiac 
Plug (n= 28)  
 
Watchman (n= 138)  
 
Watchman-FLX (n= 
55)  

• Procedural success 
• Peri-procedure mortality  
• Peri-procedure minor 

bleeding 
• Hospitalization length 
• Follow-up  

o Composite outcomes of 
mortality, 
thromboembolic events, 
non-procedural major 
bleeding and 
periprocedural 
complications. 

o All-cause mortality 
o Thromboembolic events 
o Major bleeding 
o Device-related thrombus 

Some patients (24%) were 
discharged the same day and 
its rate increased from 53% in 
2018 to 74% in 2020. 
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Reference Study Design Participants LAAO device  Relevant outcomes 
Additional notes / Comments 
on applicability 

Chen et al. 
(2019) 

Prospective non-
comparative 
observational study 
 
Single centre (Frankfurt, 
Germany)  
 
Enrolment period: April 
2016 and September 
2017 
 
Follow-up: 6 weeks to 6 
months 

n= 140 
 
Age (mean ± SD): 76.2 ± 8.4 years 
 
Sex: 62.8% male 
 
Contraindication to OAC: 100% 
 
CHA2DS2-VASc score (mean ± SD):  
3.8 ± 1.5  
 
HAS-BLED score (mean ± SD): 3.9 ± 
1.1 

Amplatzer Amulet 
(n= 74)  
 
LAmbre (n= 30)  
 
Watchman (n= 36)  

• Procedural success 
• Peri-procedure stroke  
• Peri-procedure mortality  
• Hospitalization length 
• Follow-up 

o All-cause mortality  
o Ischaemic/embolic 

stroke 
o Major bleeding  
o Peri-leak device (>3 mm) 
o Device-related thrombus  

The hospitalization length was 
two days unless the patient 
presented major adverse 
events. 
 
After the LAAO procedure, dual 
antiplatelet therapy was 
administered in 88.57% of 
patients, while 95.71% of 
patients received dual 
antithrombotic at discharge 
and 4.28% of patients 
continued receiving 
anticoagulation. 

Chiu et al. 
(2021) 

Retrospective non-
comparative 
observational study 
 
Multicentre (n= 6, 
Taiwan) 
 
Enrolment period: since 
August 2013 
 
Follow-up: 28 ± 14 
months 

n= 112 
 
Age (mean ± SD): 71.9 ± 9.8 years 
 
Sex: 61% male 
 
Contraindication to OAC: 100% 
 
CHA2DS2-VASc score (mean ± SD):  
4.05 ± 1.6  
 
HAS-BLED score (mean ± SD):  
3.4 ± 1.8 

Amplatzer Amulet 
or Cardiac Plug (n= 
56)  
 
Watchman (n= 56) 

• Procedural success  
• Peri-procedure stroke  
• Follow-up 

o All-cause mortality 
o All stroke (i.e., ischaemic 

and haemorrhagic) 
o Ischaemic stroke 
o Haemorrhagic stroke 
o Peri-device leak (≥ 3 mm) 
o Device-related thrombus  

All patients received aspirin or 
clopidogrel and warfarin or 
novel oral anticoagulants for 
45 to 60 days after the LAAO 
procedure and then aspirin or 
clopidogrel.  

CtE 
(Willits et 
al. 2019) 

CtE registry study 
 
Multicentre (n= 10, 
England UK) 
 
Enrolment period: 
October 2014 and August 
2017 
 

n= 525 
 
Age: median 75 (IQR 70 – 80) 
 
Sex: 68.7% male 
 
Contraindication to OAC: 98.5% 
 

Amplatzer Amulet 
(n= 212)  
 
Amplatzer Cardiac 
Plug (n= 35) 
 
WaveCrest (n= 3) 
 
Watchman (n= 172)  

• Procedural success 
• Peri-procedure mortality  
• Peri-procedure major bleeding 
• Peri-procedure minor 

bleeding 
• Hospitalization length 
• Follow-up (2 years) 

o All-cause mortality  

A total of 114 LAAO procedures 
(22.4%) resulted in an 
extended hospitalisation 
length (two or more nights in 
hospital). 
 
Ischaemic/embolic stroke 
outcome reported as a 
combined outcome including 
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Reference Study Design Participants LAAO device  Relevant outcomes 
Additional notes / Comments 
on applicability 

Follow-up: 2 years CHA2DS2-VASc score (median 
IQR):  
4 (3- 5) 
 
HAS-BLED score median (IQR):  
4 (3 – 5) 

o Ischaemic/embolic 
stroke (peri and post 
procedural combined) 

o Peri-leak device (minor) 
o Peri-leak device 

(moderate) 
o Peri-leak device (major)  

both peri and post procedure 
events.  

Ding et al. 
(2021) 

Retrospective non-
comparative 
observational study 
 
Single centre (Liverpool, 
UK) 
 
Enrolment period: 2014 
and 2017 
 
Follow-up: 4 years 

n= 71 
 
Age: median 78 (IQR 73.0 – 82.0) 
years 
 
Sex: 65% male 
 
Contraindication to OAC: 100% 
 
CHA2DS2-VASc score (IQR):  
4 (4 – 5) 
 
HAS-BLED score (IQR):  
2 (2 – 3) 

Amplatzer Amulet 
or Cardiac Plug (n= 
56)  
 
Watchman (n= 56) 

• Peri-procedure major bleeding 
• Follow-up (six to eight weeks) 

o Peri-device leak (> 5 mm) 
o Peri-device leak (< 5 mm) 
o Device related thrombus 

• Follow-up (46 [IQR 19 – 56] 
months)  
o All-cause mortality  
o Ischaemic stroke  
o Haemorrhagic stroke  
o Major bleeding  

All patients received dual-
antiplatelet therapy for six 
weeks after the LAAO 
procedure. 

Hildick-
Smith et 
al. (2020) 

Prospective non-
comparative 
observational study 
 
Multicentre (n= 61, 
multinational) 
 
Enrolment period: June 
2015 and September 
2016  
 
Follow-up: two-year (one 
to three months, six 
months, one year and 
two years) 

n= 1,088 
 
Age (mean ± SD): 75.2 ± 8.5 years  
 
Sex: 64.5% male 
 
Contraindication to OAC: 82.8% 
 
CHA2DS2-VASc score (mean ± SD):  
4.2 ± 1.6 
 
HAS-BLED score (mean ± SD):  
3.3. ± 1.1 

Amplatzer Amulet • Procedural success 
• Follow up  

o All-cause mortality  
o Major bleeding 

Most patients received 
antiplatelets after the LAAO 
procedure. Patients were often 
discharged on dual (57.7%) or 
single (22.4%) antiplatelet 
therapy, while 11.2% of patients 
received oral anticoagulation. 
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Reference Study Design Participants LAAO device  Relevant outcomes 
Additional notes / Comments 
on applicability 

Llagostera
-Martin et 
al. (2021) 

Retrospective non-
comparative 
observational study 
 
Single centre (Shenzhen, 
China) 
 
Enrolment period: 
March 2017 and 
November 2019 
 
Follow-up: 1 and 12 
months  

n= 55 
 
Age (mean ± SD): 75 ± 9.4 
 
Sex: 55% male 
 
Contraindication to OAC: 92.7% 
 
CHA2DS2-VASc score (mean ± SD):  
4.6 ± 1.6  
 
HAS-BLED score (mean ± SD):  
3.9 ± 1.0 

LAmbre • Procedural success  
• Peri-procedure mortality  
• Peri-procedure stroke  
• Peri-procedure major bleeding 
• Hospitalization length 
• Follow-up (1 month)  

o Peri-device leak (≥ 5 mm) 
o Peri-device leak (< 5 mm) 
o Device related thrombus  

• Follow-up (12 months) 
o All-cause mortality  
o Cardiovascular mortality  
o All stroke  
o Major bleeding 

At discharge, all patients were 
prescribed single antiplatelet 
therapy with aspirin for three 
months. At the three-month 
clinical follow-up, antiplatelet 
therapy was discontinued if 
the patient had not 
experienced any embolic event 
and there was no other clinical 
justification for this treatment. 

Saw et al. 
(2017) 

Retrospective non-
comparative 
observational study 
 
Multicentre (n= 4, 
Canada) 
 
Enrolment period: May 
2013 and October 2015 
 
Follow-up: 1 and 12 
months  

n= 106 
 
Age (mean ± SD): 74.8 ± 7.7 
 
Sex: 62.3% male 
 
Contraindication to OAC: 100% 
 
CHA2DS2-VASc score (mean ± SD):  
4.3 ± 1.5  
 
HAS-BLED score (mean ± SD):  3.2 
± 1.2 

Watchman • Peri-procedure mortality  
• Peri-device leak 
• Hospitalization length 
• Follow up (210.3 ± 182.2 days) 

o Cardiovascular mortality 
o Non-cardiovascular 

mortality 
o Ischaemic/embolic 

stroke  
o Major bleeding 
o Peri-device leak (1-3 mm) 
o Peri-device leak (3-5 mm) 
o Peri-device leak (>5 mm)  
o Device-related thrombus 

After the LAAO procedure, 
patients received 
antithrombotic therapy, 
including (1) dual antiplatelet 
therapy in 73.8% of patients, 
(2) anticoagulation in 20.4% of 
patients and (3) aspirin only in 
2.9% of patients. The duration 
of antithrombotic therapy 
administrated varied from six 
weeks to greater than six 
months. 

Abbreviations 
CHA2DS2-VASc: congestive heart failure, hypertension, age ≥ 75 years, diabetes mellitus, stroke or transient ischaemic attack, vascular disease, age 65 to 74 years, sex category, CtE: 
Commission through Evaluation, HAS-BLED: hypertension, abnormal liver/renal function, stroke history, bleeding history or predisposition, labile INR, elderly, drug/alcohol usage, IQR: 
interquartile range, LAAO: left atrial appendage occlusion, OAC: oral anticoagulation; SD: standard deviation 
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 Procedural success outcome 

The systematic review and meta-analysis did not report any procedural success outcomes.  

Procedural success outcomes were reported in six out of eight non-comparative observational 
studies (Asmarats et al. 2018, Briosa et al. 2021, Chen et al. 2019, Chiu et al. 2021, Hildick-Smith et 
al. 2020, Llagostera-Martin et al. 2021). The lowest procedural success was 95.5% (1039/1088) 
(Hildick-Smith et al. 2020) and the highest was 99.3% (139/140) (Chen et al. 2019). Additionally, 
the CtE registry in England (Willits et al. 2019) reported that the procedural success was 89% 
(95% confidence interval [CI] 86% to 91.6%). Details of the procedural success outcome for each 
study and the CtE registry in England are available in Table 4.  

 

 Peri-procedure complication outcome 

Peri-procedure complication outcomes were: 

• mortality 
• stroke  
• bleeding (minor or major).  

The systematic review and meta-analysis did not report any peri-procedure complication 
outcomes. All non-comparative observational studies and the CtE registry in England reported 
more than one of the listed outcomes which are elaborated below. The data for each study’s peri-
procedure complication outcomes are available in Table 4.  

4.2.1 Peri-procedure mortality  

Five of the non-comparative observational studies reported outcomes on peri-procedure 
mortality (Asmarats et al. 2018, Briosa et al. 2021, Chen et al. 2019, Llagostera-Martin et al. 2021, 
Saw et al. 2017). Two studies reported no events of peri-procedure mortality (Asmarats et al. 2018, 
Chen et al. 2019), two studies reported one event of peri-procedure mortality (Llagostera-Martin 
et al. 2021, Saw et al. 2017), while Briosa et al. (2021) reported three events of peri-procedure 
mortality (1.4%). The CtE registry in England (Willits et al. 2019) reported five events of peri-
procedure mortality (1.0%, 95% CI 0.3% to 2.2%). 

4.2.2 Peri-procedure stroke 

Peri-procedure stroke outcomes were reported in five out of eight non-comparative observational 
studies (Asmarats et al. 2018, Chen et al. 2019, Chiu et al. 2021, Llagostera-Martin et al. 2021, Saw 
et al. 2017). Four studies reported no events of peri-procedure stroke (Chen et al. 2019, Chiu et al. 
2021, Llagostera-Martin et al. 2021, Saw et al. 2017), while Asmarats et al. (2018) reported one event 
of peri-procedure stroke (0.8%). 

4.2.3 Peri-procedure bleeding (major or minor)  

Five non-comparative observational studies reported outcomes on peri-procedure bleeding; of 
these, three reported on major bleeding (Asmarats et al. 2018, Ding et al. 2021, Llagostera-Martin 
et al. 2021) and two reported on minor bleeding events (Briosa et al. 2021, Saw et al. 2017). 
Regarding major bleeding events, both Asmarats et al. (2018) and Ding et al. (2021) reported two 
peri-procedure major bleeding events (1.6% and 2.8%, respectively), while Llagostera-Martin et al. 
(2021) reported one event of peri-procedure major bleeding (1.8%). Regarding minor bleeding 
events, Briosa et al. (2021) reported three peri-procedure minor bleeding events (1.4%), while Saw 
et al. (2017) reported one event of peri-procedure minor bleeding (0.9%). The CtE registry in 
England (Willits et al. 2019) reported outcomes ten events of peri-procedure major bleeding (1.9% 
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95%CI 0.9% to 3.5%) and eight peri-procedure minor bleeding events (1.5%, 95% CI 0.7% to 3.0%) 
respectively. 

 

 Post-procedure complications  

Post-procedure complication outcomes were: 

• all-cause mortality 
• cardiovascular mortality 
• non-cardiovascular mortality 
• ischaemic/embolic stroke 
• haemorrhagic stroke 
• transient ischaemic attack 
• major bleeding events  

The systematic review and meta-analysis reported on all-cause mortality, ischaemic stroke, 
transient ischaemic attack and major bleeding events (Labori et al. 2021). Details of each 
outcome are provided in Table 3. All non-comparative observational studies reported more than 
one of the listed outcomes which are elaborated below. The CtE registry in England (Willits et al. 
2019) reported only outcomes on post-procedural all-cause mortality and a combined peri and 
post procedural outcome on ischaemic stroke. The data for each study’s post-procedure 
complication outcomes are available in Table 5.  

4.3.1 All-cause mortality 

In the systematic review and meta-analysis, 27 out of 29 non-comparative observational studies 
were included in the analysis of all-cause mortality post the LAAO procedure (Labori et al. 2021). 
Across these 27 studies, the incidence rates of all-cause mortality varied from zero to 11.4 events 
per 100 patient-years. Labori et al. (2021) also reported that the pooled incidence rate of all-cause 
mortality was 4.38 per 100 patient-years (95% CI 3.26 to 5.89). There was a substantial 
heterogeneity between the studies (I2 = 91%). 

Six non-comparative observational studies reported outcomes on all-cause mortality after the 
LAAO procedure (Asmarats et al. 2018, Chen et al. 2019, Chiu et al. 2021, Ding et al. 2021, Hildick-
Smith et al. 2020, Llagostera-Martin et al. 2021). Ding et al. (2021) reported the highest number of 
all-cause mortality events (39.4%) with an annual rate of 10.29 events per 100 patients-years (95% 
CI 7.25 to 13.32), while Chen et al. (2019) reported no events of all-cause mortality post the LAAO 
procedure. The CtE registry in England (Willits et al. 2019) reported twenty events of post-
procedural all-cause mortality (4.5%, 95% CI 2.8% to 6.9%). 

4.3.2 Cardiovascular mortality 

Four non-comparative observational studies reported outcomes on cardiovascular mortality 
following LAAO (Asmarats et al. 2018, Hildick-Smith et al. 2020, Llagostera-Martin et al. 2021, Saw 
et al. 2017). Hildick-Smith et al. (2020) reported the highest number of cardiovascular mortality 
events (5.6%) with an annual cardiovascular mortality rate of 5.5 (95% CI 4.3 to 7.1), while 
Llagostera-Martin et al. (2021) reported no events of cardiovascular mortality after the LAAO 
procedure. 

4.3.3 Non-cardiovascular mortality 

Only two non-comparative observational studies reported outcomes on non-cardiovascular 
mortality post the LAAO procedure. Hildick-Smith et al. (2020) reported 71 events of non-
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cardiovascular mortality (6.5%), while Saw et al. (2017) reported two events of non-cardiovascular 
mortality (1.9%) during follow up. 

4.3.4 Ischaemic/embolic stroke  

In the systematic review and meta-analysis, all 29 non-comparative observational studies 
included in analysis of ischaemic stroke after the LAAO procedure (Labori et al. 2021). Across all 
these studies, the incidence rates of ischaemic stroke ranged from zero to 3.8 events per 100 
patient-years. They reported that the pooled incidence rate of ischaemic stroke is 1.38 per 100 
patient-years (95% CI 1.08 to 1.77). There was a moderate heterogeneity between studies (I2 = 48%).  

All eight non-comparative observational studies reported outcomes on ischaemic/embolic 
stroke events post the LAAO procedure (Asmarats et al. 2018, Briosa et al. 2021, Chen et al. 2019, 
Chiu et al. 2021, Ding et al. 2021, Hildick-Smith et al. 2020, Llagostera-Martin et al. 2021, Saw et al. 
2017). Across all studies, Hildick-Smith et al. (2020) reported the highest annual 
ischaemic/embolic stroke rate of 2.2. (95% CI 1.6 to 2.9), while Chen et al. (2019) and Saw et al. 
(2017) reported no events of ischaemic/embolic stroke post the LAAO procedure. The CtE registry 
in England (Willits et al. 2019) reported a composite of ischaemic stroke outcome (peri and post 
the LAAO procedure). They reported ten events of ischaemic stroke outcomes (1.9%) with an 
annual rate of 6.2 per 100 patient-years (95% CI 4.0 to 9.2). 

4.3.5 Haemorrhagic stroke 

Only two non-comparative observational studies reported outcomes on haemorrhagic stroke 
after the LAAO procedure. Ding et al. (2021) reported that the annual haemorrhagic stroke rate 
was 1.06 (95% CI 0 to 2.35), while Chiu et al. (2021) reported no events of haemorrhagic stroke post 
the LAAO procedure. 

4.3.6 Transient ischaemic attack 

In the systematic review and meta-analysis, 20 out of 29 non-comparative observational studies 
were included in the analysis of transient ischaemic attack post the LAAO procedure (Labori et 
al. 2021). Across these 27 studies, the incidence rates of transient ischaemic attack varied from 
0 to 2.63 events per 100 patient-years. Labori et al. (2021) also reported that the pooled incidence 
rate of transient ischaemic stroke was 0.70 per 100 patient-years (95% CI 0.51 to 0.97). There was 
a moderate heterogeneity between studies (I2 = 34%). 

Four non-comparative observational studies reported outcomes on transient ischaemic attack 
events during follow-up (Asmarats et al. 2018, Briosa et al. 2021, Llagostera-Martin et al. 2021, Saw 
et al. 2017). Briosa et al. (2021) reported six events of transient ischaemic attack (2.6%), while 
Asmarats et al. (2018) reported only one event of transient ischaemic attack (0.8%) after the LAAO 
procedure. However, Llagostera-Martin et al. (2021) and Saw et al. (2017) reported two transient 
iscahemic attack events (3.6% and 1.9%, respectively). 

4.3.7 Major bleeding 

In the systematic review and meta-analysis, 27 out of 29 non-comparative observational studies 
were included in the analysis of major bleeding event after the LAAO procedure (Labori et al. 2021). 
Across these 27 studies, the incidence rates of major bleeding events ranged from 0 to 8.98 
events per 100 patient-years. Labori et al. (2021) also reported that the pooled incidence rate of 
transient ischaemic stroke was 2.22 per 100 patient-years (95% CI 1.58 to 3.13). There was a 
substantial heterogeneity between studies (I2 = 86%). 

Seven non-comparative observational studies reported outcomes on major bleeding events 
during follow-up (Asmarats et al. 2018, Briosa et al. 2021, Chen et al. 2019, Ding et al. 2021, Hildick-
Smith et al. 2020, Llagostera-Martin et al. 2021, Saw et al. 2017). Hildick-Smith et al. (2020) 
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reported that the annual rate of major bleeding events was 7.2 per 100 patient-year (95%CI 6.1 to 
8.5), whereas Llagostera-Martin et al. (2021) reported that the annual rate of major bleeding 
events was 1.8 per 100 patient-years (95% CI 0.25 to 3.43). Additionally, Llagostera-Martin et al. 
(2021) reported six (11%), Saw et al. (2017) reported five (4.7%) and Asmarats et al. (2018) two (1.6%) 
events of major bleeding during follow-up, while Chen et al. (2019) reported no major bleeding 
events after the LAAO procedure. 

 

 Peri-device leak and device-related thrombus 

The systematic review and meta-analysis did not report any peri-device leak and device-related 
thrombus outcomes. All eight non-comparative observational studies reported device-related 
thrombus outcomes, while peri-device leak outcomes were reported based on different 
classifications according to the width of the jet (e.g., 1 to 3 mm, ≥3 mm, 3– 5 mm, ≥5 mm) across 
seven studies (Asmarats et al. 2018, Briosa et al. 2021, Chen et al. 2019, Chiu et al. 2021, Ding et al. 
2021, Llagostera-Martin et al. 2021, Saw et al. 2017). The data for each study’s peri-device leak and 
device-related thrombus outcomes are available in Table 6. 

4.4.1 Peri-device leak  

All eight non-comparative observational studies (Asmarats et al. 2018, Briosa et al. 2021, Chen et 
al. 2019, Chiu et al. 2021, Ding et al. 2021, Hildick-Smith et al. 2020, Llagostera-Martin et al. 2021, 
Saw et al. 2017) reported outcomes on peri-device leak based on different jet width 
classifications:  

• 1 to 3 mm 
• ≥3 mm 
• >3 mm 
• 3 to 5 mm 
• <5 mm 
• ≥5 mm 
• >5 mm  

Regarding peri-device leak events of width between 1 to 3 mm, Saw et al. (2017) reported twenty-
three (21.9%) and Asmarats et al. (2018) reported eleven (12.4%) events. Chiu et al. (2021) reported 
four (3.57%) events of peri-device leaks of width greater than or equal to 3 mm, while Chen et al. 
(2019) reported no events of peri-device leaks of width more than 3 mm. In terms of peri-device 
leak events of width between 3 and 5 mm, Asmarats et al. (2018) reported five (5.6%), while Saw 
et al. (2017) reported six (4.1%) events. Similarly, three studies reported outcomes on peri-device 
leak events of width less than 5 mm; of these Llagostera-Martin et al. (2021) reported twelve 
(24%), Ding et al. (2021) fourteen (19.7%) and Briosa et al. (2021) eighteen (8%) events. However, 
Llagostera-Martin et al. (2021) reported no peri-device leak events of width greater than or equal 
to 5 mm. Similarly, three studies reported no peri-device leak events of width greater than 5 mm 
(Asmarats et al. 2018, Ding et al. 2021, Saw et al. 2017). The CtE registry in England (Willits et al. 
2019) reported outcomes on peri-device leak events classified as (1) ‘minor’, (2) ‘moderate’ and 
(3) ‘major’. They reported thirty events of minor peri-device leaks (6.4%, 95% CI 4.4% to 8.9%), one 
event of moderate peri-device leak (0.2%, 95% CI 0.0% to 1.1%) and two events of major peri-device 
leaks (0.4, 95% CI 0.0 to 1.4). 

4.4.2 Device-related thrombus 

All eight non-comparative observational studies reported device-related thrombus outcomes. 
Hildick-Smith et al. (2020) reported that the annual device-related thrombus rate was 1.6 (95% CI 
1.0 to 2.6). Briosa et al. (2021) reported nine (4.6%) and Asmarats et al. (2018) reported five events 
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device-related thrombus complications (5.6%). Chiu et al. (2021) reported three device-related 
thrombus events (2.67%), while Chen et al. (2019), Ding et al. (2021) and Saw et al. (2017) reported 
only one event of device-related thrombus (0.71%, 1.5% and 1.5% respectively). Only one study 
reported no events of device-related thrombus complications (Llagostera-Martin et al. 2021). 

 

 Health service utilisation  

The systematic review and meta-analysis did not report any health service utilisation outcomes. 
We identified one health service utilisation related outcome (i.e., hospitalisation length) across 
six out of the eight identified non-comparative observational studies which are elaborated below. 
The CtE registry in England (Willits et al. 2019) also reported outcomes on hospitalisation length. 
Details of the hospitalisation length outcome for each study and the CtE registry in England are 
available in Table 4.  

4.5.1 Hospitalisation length  

The systematic review and meta-analysis did not report outcomes on hospitalisation length 
(Labori et al. 2021).  

Six non-comparative observational studies reported on hospitalisation length outcomes. Three 
studies reported that the hospitalisation median length was one day (Asmarats et al. 2018, Ding 
et al. 2021, Llagostera-Martin et al. 2021). Saw et al. (2017) reported both the mean (1.8 ± 4.7 days) 
and median (1 day, IQR 1 – 1) hospitalisation length, while Briosa et al. (2021) reported that the 
mean hospitalisation length was one day. Chen et al. (2019) reported that the hospitalisation 
length was two days for all patients and three days for one patient who had major adverse event. 
The CtE registry in England (Willits et al. 2019) reported that the median hospitalisation length 
was one day (IQR 1 – 1). 

 

 Patient-reported outcomes 

We did not identified studies reporting on patient-reported outcomes. 
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Table 3. Left atrial appendage occlusion for people with AF and contraindications to anticoagulation: Labori et al. (2021) outcomes 

Outcome Evidence source Number of studies, number of participants 
Poisson analysis, incidence 
rate per 100 patient-years 

Inverse variance analysis, 
incidence rate per 100 
patient-years 

Post-procedural complications 

All-cause mortality  Labori et al. (2021) 27 observational studies, 7,871 participants 
4.38 
(95% CI 3.26 to 5.89) 

5.46 
(95% CI 4.47 to 6.66) 

Ischaemic stroke  Labori et al. (2021) 29 observational studies, 7,951 participants 
1.38  
(95% CI 1.08 to 1.77) 

1.58  
(95% CI 1.27 to 1.97) 

Transient ischaemic attack  Labori et al. (2021) 20 observational studies, 6,693 participants 
0.70  
(95% CI 0.51 to 0.97) 

0.91 
(95% CI 0.73 to 1.15)  

Major bleeding  Labori et al. (2021) 27 observational studies, 7,917 participants 
2.22 
(95% CI 1.58 to 3.13) 

2.64 
(95% CI 1.97 to 3.55) 

Abbreviations 
CI: confidence interval 
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Table 4. Left atrial appendage occlusion for people with AF and contraindications to anticoagulation: procedural success and peri-
procedural clinical outcomes (observational studies) 

Outcome Evidence source Number of participants 
Values are n (%) or median (IQR) or mean ± 
SD or % (95%CI) 

Procedural success 

Asmarats et al. (2018) 126 
122/126 
97% 

Briosa et al. (2021) 229 
225/229 
98.2% 

Chen et al. (2019) 140 
139/140 
99.3% 

Chiu et al. (2021) 112 
110/112 
98.2% 

CtE (Willits et al. 2019) 525 
89%  
(95% CI 86% to 91.6%) 

Hildick-Smith et al. (2020) 1,088 
1,039/1,088 
95.5%  

Llagostera-Martin et al. (2021) 55 
54/55 
98.2% 

Peri-procedural complications 

Peri-procedure mortality 

Asmarats et al. (2018) 126  
0/126 
0% 

Briosa et al. (2021) 229  
3/229 
1.4% 

Chen et al. (2019) 140  
0/140 
0% 

CtE (Willits et al. 2019) 525 
1.0% 
(95% CI 0.3% to 2.2%) 

Llagostera-Martin et al. (2021) 55  
1/55 
1.8% 
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Outcome Evidence source Number of participants 
Values are n (%) or median (IQR) or mean ± 
SD or % (95%CI) 

Saw et al. (2017) 106 
1/106  
0.9% 

Peri-procedure stroke 

Asmarats et al. (2018) 126  
1/126 
0.8% 

Chen et al. (2019) 140 
0/140 
0% 

Chiu et al. (2021) 112  
0/112 
0% 

Llagostera-Martin et al. (2021) 55 
0/55 
0% 

Saw et al. (2017) 106  
0/106  
0% 

Peri-procedure major bleeding 

Asmarats et al. (2018) 126  
2/126 
1.6% 

CtE (Willits et al. 2019) 525 
1.9% 
(95% CI 0.9% to 3.5%) 

Ding et al. (2021) 71  
2/71 
2.8% 

Llagostera-Martin et al. (2021) 55 
1/55 
1.8% 

Peri-procedure minor bleeding 

Briosa et al. (2021) 229 
3/229 
1.4% 

CtE (Willits et al. 2019) 525 1.5% 
(95% CI 0.7% to 3.0%) 

Saw et al. (2017) 106 
1/106  
0.9% 

Health service utilisation 

Hospitalization length (days) Asmarats et al. (2018) 126 median 1 (IQR 1 – 2) 
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Outcome Evidence source Number of participants 
Values are n (%) or median (IQR) or mean ± 
SD or % (95%CI) 

Briosa et al. (2021) 229 1.00 ±1.03 

Chen et al. (2019) 140 
1/140 – 3 days  
139/140 – 2 days 

CtE (Willits et al. 2019) 525 median 1 (IQR 1 – 1)  

Ding et al. (2021) 67 median 1 (IQR 1 – 1)  

Llagostera-Martin et al. (2021) 55 median 1 (IQR 1 – 1) 

Saw et al. (2017) 106 
1.8 ± 2.7 days 
median 1 (IQR 1 – 1) day 

Abbreviations 
CI: confidence intervals, CtE: Commission through Evaluation, IQR: interquartile range, SD: standard deviation. 
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Table 5. Left atrial appendage occlusion for people with AF and contraindications to anticoagulation: post-procedural clinical outcomes 
(observational studies) 

Outcome 
Evidence 
source 

Number of 
participants 

Follow up 
(median (IQR) or mean ± SD) 

Values are n (%) or median 
(IQR) or % (95%CI) 

Annual rate of events as 
number of events per 100 patient-
years (95% CI) 

Post-procedural complications  

All-cause mortality 

Asmarats et 
al. (2018) 

122 median 6 (IQR 3 - 10) months 
7/122 
5.7% 

NR 

Chen et al. 
(2019) 

140 6 weeks to 6 months 
0/140 
0% 

NR 

Chiu et al. 
(2021) 

112 28 ± 14 months 
2/112 
1.8% 

NR 

CtE (Willits et 
al. 2019) 

440 
maximum 2 years  
(rate NR) 

4.5% 
(95% CI 2.8% to 6.9%) 

NR 

Ding et al. 
(2021) 

67 
median 46 (IQR 19 – 56) months 

28/67 
39.4% 

10.29  
(95% CI 7.25 to 13.32) 

Hildick-Smith 
et al. (2020) 

1,088 
2 years 
(rate 15.2%) 

161/1088  
15.2% 

NR  

Llagostera-
Martin et al. 
(2021) 

54 12 months 
1/54 
1.8% 

NR 

Cardiovascular 
mortality  

Asmarats et 
al. (2018) 

122 median 6 (IQR 3 - 10) months 
5/122 
4.1% 

NR 

Hildick-Smith 
et al. (2020) 

1,088 2 years 
55/1088 
5.6% 

5.5 
(95% CI 4.3 to 7.1) 

Llagostera-
Martin et al. 
(2021) 

54 12 months 
0/54 
0% 

NR 

Saw et al. 
(2017) 

106 210.3 ± 182.2 days 
2/106  
1.9% 

NR 
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Outcome 
Evidence 
source 

Number of 
participants 

Follow up 
(median (IQR) or mean ± SD) 

Values are n (%) or median 
(IQR) or % (95%CI) 

Annual rate of events as 
number of events per 100 patient-
years (95% CI) 

Non-cardiovascular 
mortality 

Hildick-Smith 
et al. (2020) 

1,088 2 years 
71/1088 
6.5% 

 

Saw et al. 
(2017) 

106 210.3 ± 182.2 days 
2/106  
1.9% 

NR 

Ischaemic/embolic 
stroke  

Asmarats et 
al. (2018) 

122 median 6 (IQR 3 - 10) months 
1/122 
0.8% 

NR 

Briosa et al. 
(2021) 

225 mean 3.9 ± 3.7 years 
14/225 
6.2% 

NR 

Chen et al. 
(2019) 

140 6 weeks to 6 months 
0/140 
0% 

NR 

CtE (Willits et 
al. 2019) ** 

525 
maximum 2 years  
(rate NR) 

10/525 
1.9% 

2.6  
(95% CI 1.3 to 4.8) 

Chiu et al. 
(2021) 

112 28 ± 14 months 
4/112 
3.6% 

NR 

Ding et al. 
(2021) 

67 median 46 (IQR 19 – 56) months NR 1.06 
(95% CI 0 to 2.35) 

Hildick-Smith 
et al. (2020) 

1,088 2 years NR 2.2 
(95%CI 1.6 to 2.9) 

Llagostera-
Martin et al. 
(2021) 

54 12 months 
1/54 
1.85 

NR 

Saw et al. 
(2017) 

106 210.3 ± 182.2 days 
0/106  
0% 

NR 

Haemorrhagic stroke 

Chiu et al. 
(2021) 

112 28 ± 14 
0/112 
0% 

NR 

Ding et al. 
(2021) 

67 46 (IQR 19 – 56) months NR 1.06  
(95% CI 0 to 2.35) 
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Outcome 
Evidence 
source 

Number of 
participants 

Follow up 
(median (IQR) or mean ± SD) 

Values are n (%) or median 
(IQR) or % (95%CI) 

Annual rate of events as 
number of events per 100 patient-
years (95% CI) 

Transient ischaemic 
attack 

Asmarats et 
al. (2018) 

122 median 6 (IQR 3 - 10) months 
1/122 
0.8% 

NR 

Briosa et al. 
(2021) 

225 mean 3.9 ± 3.7 years 
6/225 
2.6% 

NR 

Llagostera-
Martin et al. 
(2021) 

54 12 months 
2/54 
3.6% 

NR 

Saw et al. 
(2017) 

106  210.3 ± 182.2 days 
2/106 
1.9% 

NR 

Major bleeding 

Asmarats et 
al. (2018) 

122 median 6 (IQR 3 - 10) months 
4/122 
3.3% 

NR 

Briosa et al. 
(2021) 

225 mean 3.9 ± 3.7 years NR 2.3 
NR 

Chen et al. 
(2019) 

140 6 weeks to 6 months 
0/140 
0% 

NR 

Ding et al. 
(2021) 

67 46 (IQR 19 – 56) months NR 1.84  
(95% CI 0.25 to 3.43) 

Hildick-Smith 
et al. (2020) 

1,088 2 years NR 7.2 per year 
(95% CI 6.1 to 8.5)  

Llagostera-
Martin et al. 
(2021) 

54 12 months 
6/54 
11% 

NR 

Saw et al. 
(2017) 

106 210.3 ± 182.2 days 
5/106  
4.7% 

NR 

Abbreviations 
CI: confidence interval, CtE: Commission through Evaluation, IQR: interquartile range, NR: not reported, SD: standard deviation. 
** CtE (Willits et al. 2019) has only reported combined peri and post procedure ischaemic stroke outcomes. 
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Table 6. Left atrial appendage occlusion for people with AF and contraindications to anticoagulation: peri-device leak and device-related 
thrombus complication outcomes (observational studies) 

Outcome Evidence source Number of participants 
Follow up 
(median (IQR) or mean ± 
SD) 

Values are n (%) or median 
(interquartile range) or % (95%CI) 

Peri-device leak and device-related thrombus complications 

Peri-device leak (minor) CtE (Willits et al. 2019) 469 
maximum 2 years  
(rate NR) 

6.4%  
(95%CI 4.4% to 8.9%) 

Peri-device leak (1-3 mm) 

Asmarats et al. (2018) 89 90 ± 60 days 
11/89 
12.4% 

Saw et al. (2017) 104 210.3 ± 182.2 days 
23/104  
21.9% 

Peri-device leak (≥3 mm) Chiu et al. (2021) 122 28 ± 14 months 
4/112 
3.57% 

Peri-device leak (>3mm) Chen et al. (2019) 140 6 weeks to 6 months 
0/140  
0% 

Peri-device leak (moderate) CtE (Willits et al. 2019) 469 
maximum 2 years  
(rate NR) 

0.2% 
(95%CI 0.0% to 1.4%) 

Peri-device leak (3– 5 mm) 

Asmarats et al. (2018) 89 90 ± 60 days 
5/89 
5.6% 

Saw et al. (2017) 104 210.3 ± 182.2 days 
6/140 
4.1% 

Peri-device leak (<5 mm) 

Briosa et al. (2021) 225 3.9 ± 3.7 years 
18/225 
8% 

Ding et al. (2021) 67  
median 46 (IQR 19 – 56) 
months 

14/67 
19.7% 

Llagostera-Martin et al. (2021) 50 1 month 
12/50 
24% 

Peri-device leak (≥5 mm) Llagostera-Martin et al. (2021) 50 1 month  
0/50 
0% 
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Outcome Evidence source Number of participants 
Follow up 
(median (IQR) or mean ± 
SD) 

Values are n (%) or median 
(interquartile range) or % (95%CI) 

Peri-device leak (>5 mm) 

Asmarats et al. (2018) 89 90 ± 60 days 
0/89 
0% 

Ding et al. (2021) 67  46 (IQR 19 – 56) months 
0/67 
0% 

Saw et al. (2017) 140 210.3 ± 182.2 days 
0/104 
0% 

Peri-device leak (major) CtE (Willits et al. 2019) 469 
maximum 2 years  
(rate NR) 

0.4% 
(95%CI 0.0% to 1.4%) 

Device-related thrombus 

Asmarats et al. (2018) 89 90 ± 60 days 
5/89 
5.6% 

Briosa et al. (2021) 195 3.9 ± 3.7 years 
9/195 
4.6% 

Chen et al. (2019) 140 6 weeks to 6 months 
1/140 
0.71% 

Chiu et al. (2021) 112 28 ± 14 months 
3/112 
2.67% 

Hildick-Smith et al. (2020) 1,088 
2 years 
(rate 1.6%) 

1.6  
(95% CI 1.0 to 2.6) 

Ding et al. (2021) 67 
median 46 (IQR 19 – 56) 
months 

1/67 
1.5% 

Llagostera-Martin et al. (2021) 50 1 month 
0/50 
0% 

Saw et al. (2017) 106 210.3 ± 182.2 days 
1/106  
1% 

Abbreviations 
CI: confidence interval, CtE: Commission through Evaluation, IQR: interquartile range, NR: not reported, SD: standard deviation. 
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 Ongoing trials 

We identified four ongoing RCTs. Of the ongoing RCTs, three are currently recruiting, while one 
has active status, but does not recruit yet. Details of the ongoing RCTs and their primary and 
secondary outcomes are reported and summarised in Table 7 below. 

Table 7. Ongoing Trials: design and characteristics  

Study information Status Research questions & outcome measures 
Registration: 
NCT02830152 
 
Country: Sweden 
 
Target recruitment: 
750 participants 
 
Actual enrolment: 
NR 
 
Follow-up: 5 years 
 
Estimated primary 
completion date: 
May 2022 

Recruiting  This RCT aims to compare LAAO and best medical therapy for adults 
with AF and prior intracerebral haemorrhage. 
 
Population: adults with non-valvular AF and prior intracerebral 
haemorrhage within 6 months of enrolment 
 
Intervention: Amplatzer Amulet device 
 
Comparator: Best medical therapy, including (1) oral 
anticoagulation (i.e., vitamin K antagonists, such as warfarin) or (2) 
non-vitamin K oral anticoagulation (e.g., dabigatran, rivaroxaban, 
apixaban, edoxaban) or antiplatelet therapy (i.e., single and dual) or 
no medical therapy.  
 
Relevant outcomes: (1) composite of stroke, systemic embolism, 
major bleeding, and all-cause mortality, and (2) number of 
participants with (a) procedural success, (b) device-related 
complications, (c) significant peri-device leak and (d) QoL prior and 
post treatment.   

Registration: 
NCT03463317 
 
Country: Germany 
 
Target recruitment: 
1,512 participants 
 
Actual enrolment: 
NR 
 
Follow-up: 24 
months 
 
Estimated primary 
completion date: 
September 2023 

Recruiting This RCT aims to compare percutaneous LAAO and best medical 
therapy for adults with non-valvular AF at high risk of stroke.  
 
Population: adults with non-valvular AF who are at high risk of 
bleeding under oral anticoagulation or contraindication for vitamin 
K and non-vitamin K oral anticoagulation. 
 
Intervention: CE-marked approved LAAO devices followed by post-
procedure treatment (i.e., antiplatelet therapy) 
 
Comparator: Best medical therapy, including (1) oral 
anticoagulation (i.e., vitamin K antagonists: phenprocoumon, 
warfarin) or (2) non-vitamin K oral anticoagulation (e.g., dabigatran, 
rivaroxaban, apixaban, edoxaban). 
 
Relevant outcomes: (1) survival time free of the composite of 
stroke, systemic embolism, major bleeding, and cardiovascular or 
unexplained mortality, (2) mortality, (3) major bleeding, (4) 
systemic embolism, (5) ischaemic/haemorrhagic stroke (including 
TIA), (6) hospitalization for bleeding or cardiovascular event, (7) 
health-related QoL, and (8) device-related thrombus.  

Registration: 
NCT04676880 
 
Country: 
Netherlands 
 
Target recruitment: 
609 participants 
 
Actual enrolment: 
NR 
 

Recruiting This RCT aims to compare percutaneous LAAO and no or usual care 
for adults with non-valvular AF at high risk of stroke.  
 
Population: adults with non-valvular AF and CHA2DS2-VASc score of 
2 or more who are contraindicated to oral anticoagulation. 
 
Intervention: Watchman FLX or Amplatzer Amulet 
 
Comparator: Usual care (i.e., antiplatelets) or nothing 
 
Relevant outcomes: (1) time to first occurrence of 
ischaemic/haemorrhagic stroke, (2) time to first of the composite 

https://clinicaltrials.gov/ct2/show/NCT02830152
https://clinicaltrials.gov/ct2/show/NCT03463317
https://clinicaltrials.gov/ct2/show/study/NCT04676880
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Study information Status Research questions & outcome measures 
Follow-up: 5 years 
 
Estimated primary 
completion date: 
May 2026 

ischaemic/haemorrhagic stroke, (3) incidence of procedural 
complications, (4) composite event rate of stroke, (5) event rates of 
(a) all-cause mortality, (b) minor and (c major bleeding, (d) 
systemic embolism, (e) ischaemic/haemorrhagic stroke, (f) TIA, (g) 
adverse events, (6) device-related thrombus, (7) patient-reported 
health quality (SF12), (8) anxiety and depression (HADS), (9) generic 
health status (EQ5D5L), (10) medical consumption, (11) productivity 
losses.  

Registration: 
NCT02928497 
 
Country: America  
 
Target recruitment: 
888 participants 
 
Actual enrolment: 
481 participants  
 
Follow-up: 5 years 
 
Estimated primary 
completion date:  
December 2025 

Active (i.e., 
not yet 
recruiting)  

This RCT aims to compare LAAO and medical or no therapy for 
people with non-valvular fibrillation and contraindications to 
anticoagulants.  
 
Population:  adults with non-valvular AF who are deemed not 
suitable to receive anticoagulation by two doctors. 
 
Intervention: Watchman device 
 
Comparator: Medical therapy (i.e., single antiplatelet) or no therapy  
 
Relevant outcomes: (1) combined rate of mortality, ischaemic 
stroke, systemic embolism and complications requiring major 
cardiovascular or endovascular intervention (7-days), (2) time to 
first event of ischaemic stroke or systemic embolism (7-days), (3) 
composite of all stroke and cardiovascular or unexplained 
mortality and (4) major bleeding. 

Abbreviations 
AF: atrial fibrillation, CE: Conformitè Europëenne, CHA2DS2-VASc: congestive heart failure, hypertension, age ≥ 75 
years, diabetes mellitus, stroke or transient ischaemic attack, vascular disease, age 65 to 74 years, sex category, 
LAAO: left atrial appendage occlusion, NR: not reported, TIA: transient ischaemic attack, QoL: quality of life, RCT: 
randomised controlled trial. 

  

https://clinicaltrials.gov/ct2/show/NCT02928497
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5. Cost effectiveness 

 Health economic literature review 

Appendix 3 (the PRISMA diagram) summarises the selection of articles for inclusion in the 
evidence review.  The titles and abstracts of 2,066 records identified in the search for this 
research question were screened and 20 records were deemed potentially relevant. The full texts 
of these studies were reviewed against the inclusion/exclusion criteria and 18 studies were 
excluded.  Two studies were included (Labori et al. 2022, Reddy et al. 2016). In addition, we 
included the health economic studies (Willits et al. 2019, Saw et al. 2016), which were originally 
included in the SHTG Advice Statement, which is updated in this Evidence Appraisal Report. 

Review of the full texts of the included articles led to the identification of one further study, which 
has also been included (Panikker et al. 2016). 

Five studies are included and are summarised in table 8. Two studies are directly applicable, as 
they consider the UK NHS perspective (Willits et al. 2019, Panikker et al. 2016).The NHS England 
CtE report on LAAO contained a cost consequence analysis which compared LAAO plus medical 
therapy (antiplatelet drugs) with medical therapy alone in patients with atrial fibrillation and 
contraindications to oral anticoagulation (Willits et al. 2019). The study concluded that the 
benefit from avoided stroke management and medication costs of almost £5,034 per patient 
with LAAO was insufficient to offset the initial procedure costs of about £11,800 per patient. The 
cost of the procedure would need to reduce by 58% to £5,000 before the NHS could achieve 
financial breakeven on the procedure. The study was assessed as having potentially serious 
limitations.   

The second directly applicable study is a UK cost analysis, which compared LAAO with aspirin 
monotherapy and no antithrombotic therapy (Panikker et al. 2016). The study considered a 
broader population of those suitable for anticoagulation but presented a subgroup for those in 
whom oral anticoagulation is contraindicated. However, reporting was limited for this subgroup. 
The study found that LAAO had lower costs than aspirin and no treatment at 10 years. The study 
was assessed as having potentially serious limitations.   

The remaining cost-utility analyses were assessed as partially applicable with potentially 
serious limitations (Reddy et al. 2016, Saw et al. 2016, Labori et al. 2022). 

A German cost-utility analysis compared LAAO using the WATCHMAN device with long-term 
aspirin or long-term apixaban (a direct oral anticoagulant) in patients with atrial fibrillation and 
absolute contraindications to oral anticoagulation with warfarin (Reddy et al. 2016). The study 
found that LAAO was dominant (more effective and less costly), reporting a 99% and 94% 
probability that LAAO was cost effective at 10 years compared with aspirin and apixaban, 
respectively. 

A Canadian cost-utility analysis compared LAAO plus long-term aspirin with long-term aspirin 
alone in patients with atrial fibrillation who were ineligible for oral anticoagulation (Saw et al. 
2016). LAAO dominated aspirin (more effective and less costly) and the probabilistic sensitivity 
analysis found a 90% probability that LAAO was cost effective, using a willingness-to-pay 
threshold of CAD$50,000 per QALY (approximately £29,000). 

Finally, a Swedish cost-utility analysis compared LAAO with no pharmacological antithrombotic 
treatment (differing from the previous cost-utility analyses which compared with aspirin) 
(Labori et al. 2022). The study concluded that LAAO is more costly and more effective than no 
treatment, with an ICER of 4,047 EUR per QALY, which is below the Swedish threshold of 45,829 
EUR per QALY. The study noted that the parameters with the biggest impact on results were the 
predicted risk of ischaemic stroke with the standard of care, and the cost of the LAAO procedure. 
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Table 8. Summary of included health economic studies: Labori et al. (2022), Panikker et al. (2016), Willits et al. (2019), Saw et al. (2016), 
and Reddy et al. (2016) 

Study details Study population and 
design  

Data sources Results Quality assessment 

Author and year: 
CtE 2019 (Willits et 
al. 2019) 
 
Country: 
UK 
 
Type of economic 
analysis: 
Cost-consequence 
analysis 
 
Perspective: 
NHS and NHS plus 
social care (NHS 
perspective 
presented here) 
 
Currency: 
GBP 
 
Price year: 
2018 (assumed) 
 
Time horizon:  
15 years 
 
Discounting:  
3.5% per annum 

Population 
Patients with atrial 
fibrillation at high risk of 
thromboembolic stoke 
and with 
contraindications to oral 
anticoagulants 
 
Age: 75 
 
Interventions  
LAAO plus medical 
therapy (antiplatelet 
drugs) 
 
Comparator 
Medical therapy alone 
 
Study design 
Cost-consequence 
analysis – decision tree 
and Markov model. 

Source of baseline and effectiveness 
data: 
The risk of ischaemic stoke and bleeding 
events in the control arm were estimated 
according to baseline CHA2DS2-VASc and 
HAS-BLED scores. For LAAO, risks were 
based on observed data from the CtE 
registry for patients. 
 
Source of resource use and cost data: 
LAAO procedure costs and the costs of 
bleeds, costs relating to management of 
patients following an ischaemic or 
haemorrhagic stroke or TIA, medication 
costs and costs associated with bleeding 
events. The estimated cost of the LAAO 
procedure was calculated using resource 
use data from the registry and a costing 
template completed by participating 
sites. NHS Supply Chain overheads of 3% 
were included in the LAAO procedure cost, 
as was a further 15% overhead cost for 
NHS procurement.  
 
Medication use was taken from registry 
data 
NHS costs associated with stroke 
management were derived from the 
Sentinel Stroke National Audit 
Programme. Other costs were derived 
from NHS national datasets and English 
national cost sources. 

Base case results 
(deterministic) 
Costs 
Total cost of LAAO: £15,491 
Total cost of medical 
therapy:  £8,694 
Incremental: £6,797 
 
Sensitivity analysis 
Results not presented, but 
reported to be sensitive to: 
• relative risk reduction 

ratios for stroke 
following an LAAO 
procedure 

• the costs to manage 
strokes 

• The cost of the LAAO 
procedure. 

 
Removing the 15% overhead 
on the device cost included 
within the procedure cost in 
the base case, reduced the 
incremental increase in the 
total cost of the LAAO 
procedure to £5,702 per 
patient. Changes in other 
parameters had little 
impact on the absolute 
saving from LAAO over 
medical therapy 

Applicability 
Directly applicable 
 
Limitations 
• Observed risk of ischaemic and 

haemorrhagic strokes and bleeds at 
2 years in linked dataset 
extrapolated to 15 years. Could 
overestimate the benefit of LAAO. 

• Risk of stroke data for intervention 
and comparator from disparate 
sources. 

• Risk of ischaemic and haemorrhagic 
stroke in comparator arm estimated 
according to baseline CHA2DS2-VASc 
and HAS-BLED risk scores.  

• It is unclear how TIA risk and other 
outcomes were calculated for 
comparator arm. 

• No sensitivity or scenario analyses 
presented. 

• No model inputs provided to check 
applicability 

• Unclear whether stroke severity/mRS 
considered 

• One health state in Markov model for 
a range of neurological events: 
ischaemic stroke, haemorrhagic 
stroke, transient ischaemic attack. 

• Cohort aged 95 at end of time horizon 
• The medicines regimen prescribed to 

patients before the procedure was 
assumed to apply to those in the 
medical therapy arm, whilst the 
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Study details Study population and 
design  

Data sources Results Quality assessment 

medicines prescribed at two years 
post-procedure were assumed to 
apply to patients after the LAAO 
procedure 

Author and year:  
Saw et al. (2016) 
 
Country: 
Canada 
 
Type of economic 
analysis: 
Cost-utility analysis 
 
Perspective: 
Ontario Ministry of 
Health and Long-
Term care 
 
Currency: 
Canadian dollar 
(presented as UK£) 
 
Price year: 
2015  
 
Time horizon:  
Lifetime 
 
Discounting:  
5% cost and health 
outcomes. 

Population 
Patients with nonvalvular 
AF at high stoke risk and 
with contraindications to 
oral anticoagulation. 
 
Mean age: 74 (66 to 82 
years) 
% Female: 57.7% 
CHA2DS2VASc: 94.7% had a 
baseline score of 3 or 
more. 
Interventions  
LAAO plus long term 
aspirin therapy. 
 
Comparator 
Long term aspirin 
monotherapy. 
 
Study design 
Probabilistic patient-level 
Markov microsimulation. 
 
Cycle length 1 month. 
Patient comorbidities 
such as hypertension, 
diabetes mellitus, prior 
stroke or transient 
ischaemic attack (TIA), 
coronary artery disease, 
peripheral 

Source of baseline and effectiveness 
data: 
Baseline characteristics derived from a 
multicentre Canadian experience of 
consecutive patients undergoing LAAO 
with the ACP device. 
Clinical events were defined according to 
the WATCHMAN LAA Closure Technology 
for Embolic Protection in Patients with 
Atrial Fibrillation (PROTECT AF) study. 
Transition rates for ischaemic stroke 
were derived using the CHA2DS2-VASc 
score with an OR applied from the 
PROTECT AF study applied to the 
treatment group. 
Probability of systemic embolism was 
derived from Reddy et al. 
Probability of bleeding based on the HAS-
BLED score. 
Probability of MI derived from the RE-LY 
study. 
Death was obtained from Ontario life 
tables adjusted for clinical events. 
LAAO complication data was derived from 
the PROTECT AF study. 
 
Source of resource use and cost data: 
Resource items included: drugs, LAAO 
device, hospitalisation, laboratory costs, 
TEE, physician fees.  
LAAO procedural costs to 
include the closure device ($8500 for 
either the ACP or 

Base case results 
Costs 
Aspirin: £21,799 ± 10,506 
LAAO: £17,198 ± 6,488 
Difference: Saves £4,816  
 
QALYs 
Aspirin: 4.25 ± 0.53 
LAAO: 4.66 ± 0.34 
Difference: 0.41  
 
ICER (cost per QALY) 
Dominant 
 
Sensitivity analysis 
PSA showed results were 
robust. LAAO preferred 
option in over 90% of 
simulations, with a 
willingness-to-pay 
threshold of CAD$50,000 
(approximately £29,000). 

Applicability 
Partially applicable as it did not consider 
the UK NHS perspective. 
 
Limitations 
• Baseline risk of ischaemic and 

haemorrhagic stroke estimated 
according to baseline CHA2DS2-VASc 
and HAS-BLED risk scores.  

• Odds ratios were applied for the 
effect of LAAO, based upon the 
PROTECT AF study, which doesn’t 
compare LAAO to aspirin and does 
not match the population of interest. 

• Unclear how myocardial infarction 
was modelled in LAAO arm 

• No deterministic sensitivity analyses 
undertaken 

• Patients undergoing LAAO received 
dual antiplatelet therapy (aspirin and 
clopidogrel) for one month post-
procedure and aspirin monotherapy 
thereafter. 

• Treatment effect durations NR 
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Study details Study population and 
design  

Data sources Results Quality assessment 

arterial disease, heart 
failure, renal failure, and 
prior bleeding, were 
incorporated into the 
simulated patient 
cohort. 
 
Clinical outcomes 
included: death, stroke, 
systemic embolism, 
myocardial infarction, or 
bleeding. 

WATCHMAN device), overnight 
hospitalization, cardiac 
catheterization laboratory costs, 
diagnostic tests/investigations, and 
physician fees 
Sources of unit costs: Drug costs from the 
Ontario Drug Benefits Formulary. 
Anaesthesia physician fees were obtained 
from Ontario Schedule of Benefits. 
Physician fee for LAAO procedure 
assumed based on personal 
communication. 
Clinical event costs were obtained from 
the Ontario Case Costing initiative. 
 
Source of quality-of-life data: 
Health state utilities for the general 
population were derived from published 
studies.  
Baseline utility and the utility 
decrements associated with aspirin and 
the disutility of LAAO were from published 
studies. A utility decrement was applied 
for LAAO, assuming the same decrement 
as percutaneous coronary intervention. 

Author and year:  
Reddy et al. (2016) 
 
Country: 
Germany 
 
Type of economic 
analysis: 
Cost-utility analysis 
 
Perspective: 

Population 
Patients with non-valvular 
AF and contraindications 
to warfarin. 
 
Mean age: 70 
% Female:  
CHA2DS2VASc: 5-6 
 
Interventions:  
• LAAO with the 

Watchman device 

Source of baseline and effectiveness 
data: 
For LAAO, event probabilities were taken 
from the ASAP study. Probability for 
bleeding was assumed to be comparable 
with concomitant drug therapy and were 
taken from ACTIVE A and ACTIVE W. 
RR of stroke in aspirin arm taken from a 
meta-analysis of multiple trials of stroke 
prevention in AF. All other event 
probabilities taken from ACTIVE A.  
The apixaban arm took clinical event 

Base case results 
Costs 
LAAO: £13,923 
Apixaban: £16,589 
Aspirin: £18,530 
 
QALYs 
LAAO: 4.82 
Apixaban: 4.59 
Aspirin: 4.21 
 
ICER (cost per QALY) 

Applicability 
Partially applicable as it did not consider 
the UK NHS perspective. 
 
Limitations 
• Baseline risk of ischaemic and 

haemorrhagic stroke assessed using 
CHADS2 and HAS-BLED risk scores. 

• All treatment arms have clinical 
event data from different studies 

• Unclear if recurrent stroke 
considered 



 

 
 

Page 31 of 76 
 

EAR041 
 

August 2022 
 

Study details Study population and 
design  

Data sources Results Quality assessment 

German healthcare 
perspective  
 
Currency: 
Euros (presented as 
UK£) 
 
Price year: 
2014 
 
Time horizon:  
10 years 
 
Discounting:  
3.5% benefits and 
costs 
 
Potential conflict 
of interest:  
Study funded by 
Boston Scientific, 
manufacturer of 
WATCHMAN device 
Authors of paper 
include a paid 
consultants (Boston 
Scientific, Coherex 
and St Jude 
Medical), a full-time 
employee of Boston 
Scientific. Authors 
and affiliations (the 
Mayo Clinic) have 
financial interest in 
the Watchman 
device. 

• Aspirin 
• Apixaban (direct oral 

anticoagulant) 
 
Study design 
Markov cost-effectiveness 
model 
3 month cycles 
 
Clinical events captured 
by the model included 
ischaemic stroke, 
systemic embolism, 
transient ischaemic 
attack, haemorrhagic 
stroke, intracranial 
haemorrhage, extracranial  
haemorrhage, minor 
bleeding, and acute 
myocardial infarction. 
 
Discontinuation of 
treatment was also 
incorporated in the model: 
LAAO patients were 
assumed to be treated 
with aspirin if the 
procedure failed, 
apixaban patients were 
assumed to transition to 
aspirin if they 
discontinued apixaban, 
and aspirin patients that 
discontinued treatment 
were assumed to receive 
no further intervention. 

probabilities from the AVERROES trial. 
Baseline stroke risk was assigned based 
on CHADS2 scores and bleeding risk 
based on HAS BLED score was estimated 
from the weighted clinical risk factors 
described in the ASAP study. 
Modified Rankin scale (MRS) disability 
data for LAAC patients were taken from 
the PROTECT AF trial of the Watchman 
device. 
 
Source of resource use and cost data: 
Resource items included: LAAO device and 
procedure, clinical events, costs of long-
term disability care in a facility. 
 
Sources of unit costs: German Diagnosis 
Related Group system for 2014, German 
pharmaceutical price lists, costs of 
stroke and disability from published 
literature 
 
Source of quality-of-life data: 
QoL disutility values, baseline AF utility 
and the utility for being ‘well with 
apixaban’ were sourced from published 
studies. 
 
A utility for well with LAAO was developed 
using SF 12 data collected during the 
Watchman ASAP study. 

Dominant 
 
Sensitivity analysis 
One way analysis robust to 
changes in inputs. Most 
sensitive to variations in 
baseline risk of stroke, cost 
of LAAO, LAAO implantation 
success, baseline annual 
bleeding risk, rate of 
discontinuation of aspirin 
and cost of severe 
disability, cost of apixaban. 
No longer CE for baseline 
CHA2DS2-VASc score of 1 or 
lower. 
 
PSA showed cost savings 
between £1,481 and £8,309. 
CE in 99% of simulations 
against aspirin and 94% 
against apixaban. 

• Extrapolates short term trial results 
to 20 years. 

• Results only reported to 10 years but 
model conducted for 20 years. Lack of 
transparency. 

• Modified Rankin scale (MRS) 
disability data for LAAO patients were 
taken from the PROTECT AF trial of 
the Watchman device, which 
considered a different population 

• Unclear what assumptions were 
made around post-stroke mRS in 
comparator arms 

• Treatment effect durations NR 
• A fully incremental analysis was not 

conducted for the probabilistic 
sensitivity analysis. Only the results 
of pairwise comparisons are reported 
(LAAO versus aspirin, and LAAO 
versus apixaban).  
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Study details Study population and 
design  

Data sources Results Quality assessment 

Author and year:  
Labori et al. (2022) 
 
Country: 
Sweden 
 
Type of economic 
analysis: 
Cost-utility analysis 
 
Perspective: 
Swedish healthcare 
and public sector 
(healthcare 
perspective 
presented here, 
only) 
 
Currency: 
Euros 
 
Price year: 
2020 
 
Time horizon:  
Lifetime 
 
Discounting:  
3% costs 
 
Potential conflict 
of interest:  
An author has 
received grants for 
clinical stroke 
research from the 
Swedish state (paid 
to the institution.) 

Population 
Patients with AF, 
increased risk of 
ischaemic stroke and 
contraindicated to OAC 
 
Age: 74 
CHA2DS2-VAS: 4 
% female: NR (could be 
obtained from systematic 
review) 
 
Interventions 
Percutaneous endocardial 
LAAO plus aspirin for 6 
months 
 
Comparator 
No pharmacological 
antithrombotic treatment 
 
Study design 
1 year decision tree and 
lifetime Markov model 

Source of baseline and effectiveness 
data: 
Probability of LAAO success and the risk 
of stroke following LAAO taken from 
systematic review and meta-analysis by 
(Labori et al. 2021) (included in clinical 
evidence section of this Evidence 
Appraisal Report). 
Distribution of patients by mRS category 
in the LAAO group taken from Reddy et al. 
(2016) 
Risk of stroke in standard care group 
taken from Friberg et al. (2007) (large 
cohort of individuals with AF in Sweden) 
and the distribution of mRS categories 
after having a stroke in these patients 
taken from Swedish Stroke Register 
Dataset. 
Age-related mortality from Statistics 
Sweden and the National Board of Health 
and Welfare. 
  
Source of resource use and cost data: 
Resource items included: LAAO procedure, 
investigations, physician visits, inpatient 
care, drugs, specialised outpatient care, 
primary care. Inpatient, outpatient and 
primary care utilisation were based on a 
published study. 
LAAO procedure cost based on device 
related code at Sahlgrenska University 
Hospital and related costs from database 
at Sahlgrenska University Hospital. 
Drug costs obtained from the Dental and 
Pharmaceutical Agency (2021). 
Unit costs for inpatient care, specialised 
outpatient care and primary care are 

Base case results 
Costs 
LAAO: £18,200 
SOC: £14,366 
Difference: £3,835 
 
QALYs 
LAAO: 7.11 
SOC: 6.12 
Difference: 0.99 
 
ICER (cost per QALY) 
 £3,870 per QALY 
 
Sensitivity analysis 
DSA – greatest influencer is 
the predicted risk of 
ischaemic stroke with SOC 
and the cost of LAAO 
procedure. 
 
The conclusion of the 
analysis remained 
unchanged in all scenarios 
where an input was 
changed in isolation. 
However, when the risk of 
stroke was reduced and 
LAAO had the same 
distribution of the mRS as 
SOC, then LAAO was no 
longer CE.  
 
In PSA, 99.9% of the results 
resided in the southeast 
quadrant indicating that 
LAAO was dominant (less 
costly and more effective). 

Applicability 
Partially applicable as it did not consider 
the UK NHS perspective. 
  
Limitations 
• Aspirin not included in comparator 

arm. Did not consider the increased 
risk of major bleeding during the first 
six months after the LAAO procedure 
when the individual was on aspirin. 

• Effectiveness inputs from disparate 
sources. Risk of stroke in LAAO arm 
based on a meta-analysis. Risk of 
stroke in comparator arm based on 
CHA2DS2-VAS stroke risk score 
applied to a cohort with AF and 
receiving no stroke prevention in 
Sweden 

• Different mRS distribution following 
ischaemic stroke assumed between 
intervention and comparator 
(addressed in scenario analysis). 
People in the LAAO arm therefore 
have less disabling stroke, based on 
Reddy et al. but the populations are 
not comparable. 

• Model only considers incidence of 
stroke and no other clinical events 
e.g. haemorrhagic stroke, transient 
ischaemic attack 

• As the comparator does not include 
aspirin, it should be noted that the 
effects of LAAO in comparison to no 
treatment could also be capturing 
the effects of aspirin. 
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Study details Study population and 
design  

Data sources Results Quality assessment 

based on the unit costs reported in a 
published study (same as resource use). 
 
Source of quality-of-life data: 
QALY weight decrements for each mRS 
category were obtained from a published 
study, and applied to the general 
population EQ5D index for age groups 70 
– 79 and 80 – 88. 

• Decision tree (year 1) does not appear 
to capture risk of stroke or LAAO 
complications  

• Treatment effect durations NR 

Author and year:  
Panikker et al. 
(2016) 
 
Country: 
UK 
 
Type of economic 
analysis: 
Cost analysis 
 
Perspective: 
UK NHS 
 
Currency: 
GBP 
 
Price year: 
2015 
 
Time horizon:  
10 years 
 
Discounting:  
3.5% 
 
Potential conflict 
of interest:  

Population 
Patients with NVAF who 
underwent LAAC with the 
Watchman device at 
RBHH between December 
2009 and December 2013. 
A subgroup is presented 
of patients who are 
anticoagulation 
unsuitable. 
 
Interventions 

• LAAO with the 
Watchman device 
initiated on dual 
platelet therapy 
(aspirin and 
clopidogrel) prior 
to procedure 

• Aspirin 
monotherapy 

• No antithrombotic 
therapy 

 
Study design 
10-year cost analysis with 
an annual cycle length 

Source of baseline and effectiveness 
data: 
Baseline characteristics were from a 
cohort of consecutive patients who 
underwent LAAO at the Royal Brompton 
and Harefield Hospitals (RBHH), for 
patients contraindicated to 
anticoagulation (n=40).  
 
Relative risks were applied for LAAO, 
aspirin, and no therapy, sourced from a 
network meta-analysis and PROTECT 
Holmes et al. 2009. 
 
Due to a lack of events in subgroups in 
the RBHH data, efficacy data from the 
overall group were used for stroke, major 
bleeding and ACM and applied with 
differential baseline characteristics.  
 
 
Source of resource use and cost data: 
Costs were taken from the NHS Health 
Resource Group (HRG) and NHS Drug 
tariffs. Costs for post-acute stroke care 
and long-term disability were taken from 
the published literature. 

Results 
Lowest costs at 10 years for 
LAAO based on RBHH cohort, 
followed by LAAO based on 
PROTECT AF, then aspirin, 
with highest costs per 
patient at 10 years for ‘no 
therapy’. 
 
The time for LAAO to 
achieve cost parity over no 
therapy was 5.01 years, and 
over aspirin was 5.0 years, 
in the anticoagulation 
unsuitable cohort. 
 
PSA results 
NR in this subgroup 
 
Sensitivity analysis 
NR in this subgroup 

Applicability 
Directly applicable 
 
Limitations 
• Effectiveness inputs based on the 

PROTECT AF study which does not 
match the population of interest. 

• Due to low event numbers in the 
baseline data from the RBHH cohort, 
the combined event rate for the 
whole group (rather than the 
anticoagulation unsuitable subgroup 
alone) has been used for some 
events. It is unclear which events 
these are (stroke, bleeding, all-cause 
mortality). 

• Costs for people in anticoagulation 
unsuitable subgroup unclear 

• Cohort characteristics for the 
anticoagulation unsuitable subgroup 
not reported 

• PSA and deterministic sensitivity 
analyses not reported for the 
anticoagulation unsuitable subgroup 

• Low patient numbers in subgroup 
• Results of main analysis (not 

presented here) were most sensitive 
to LAAO stroke event rates; as the 
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Study details Study population and 
design  

Data sources Results Quality assessment 

The study was 
partly funded by 
Boston Scientific 
and supported by 
NIHR CV Biomedical 
Research unit at the 
RBHH NHS 
Foundation Trust 
and Imperial 
College London. 
Identification, 
design, conduct and 
reporting of the 
registry study and 
economic analysis 
were independent of 
the funders. 
SP and CB have 
received research 
grants from Boston 
Scientific. SA is an 
independent 
consultant to 
Boston Scientific. 

event rate for stroke used a cohort of 
patients including those suitable for 
anticoagulants, this could pose a 
problem as stroke events are likely to 
be higher in those contraindicated 
for anticoagulants. However, results 
remained cost saving at 10 years. 

• Based on Watchman and may not be 
reflective of other LAAC devices. 

• Treatment effect duration NR 

Abbreviations 
AF: atrial fibrillation; CE: cost-effective; CtE: commissioning through evaluation; CV: cardiovascular; DSA: deterministic sensitivity analysis; GBP: Great British pounds; HC: healthcare; 
ICER: incremental cost-effectiveness ratio; LAAO: left atrial appendage occlusion; MI: myocardial infarction; mRS: modified rankin scale; NR:  not reported; OAC: oral anticoagulants; 
PSA: probabilistic sensitivity analysis; NVAF: non-valvular atrial fibrillation, QALY: quality-adjusted life year; RBHH: Royal Brompton & Harefield Hospitals; RCT: randomised controlled 
trial; RR: relative risk; SoC: standard of care. 
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 HTW cost utility analysis 

As no directly applicable UK cost-utility analyses were identified in the health economic 
literature review, HTW researchers developed an original cost-utility analysis to evaluate the cost 
effectiveness of LAAO. The analysis considered LAAO in addition to standard care (use of 
antiplatelets) compared with standard care only in the treatment of people with AF who are at 
high risk of thromboembolic stroke and for whom anticoagulants are contraindicated or not 
effective. 

A decision tree and a Markov model were used to evaluate the total costs and quality-adjusted 
life years (QALYs) of the following strategies: 

1. LAAO plus conservative medical management (use of antiplatelet drugs) 
2. Conservative medical management only (use of antiplatelet drugs) 

The analysis took the perspective of the UK NHS and personal social services (PSS). A lifetime 
time horizon was considered, and future costs and benefits were discounted at rate of 3.5%. Due 
to the lack of comparative evidence in this population, the model shares some of the limitations 
of the published cost-utility analyses described in section 5.1 The key uncertainty of the analysis 
is the validity of using the predicted ischaemic stroke rates from the CHA2DS2-VASc tool for the 
comparator arm. 

The results of the base case analysis are presented in Table 9, which shows the total and 
incremental costs and quality-adjusted life years (QALYs) over the time horizon (presented on a 
per patient basis) as well as the incremental cost-effectiveness ratio (ICER). LAAO in addition to 
standard care was found to be more expensive and more effective than standard care alone, and 
the ICER of £42,302 per QALY gained showed that it was not cost effective. In threshold analyses, 
we showed that LAAO would become cost effective compared with standard care if the cost of 
LAAO decreased to £9,039  (from £15,839 in the base case), if the annual risk of first ischaemic 
stroke was 7.32%, or if baseline age was 67.   

In deterministic sensitivity analyses, LAAO was not cost effective in most scenarios. When it was 
assumed that people in the ‘AF healthy’ health state have the same mortality rate as the general 
population (i.e. there is no increase in mortality due to having AF) LAAO was cost effective. LAAO 
was also cost effective when the baseline age of people entering the model was reduced from 
74.5 to 64.4, which is the lowest mean age of studies included within Labori et al. LAAO is cost 
effective in these scenarios because the people in the model receive the benefit of LAAO for longer. 

In probabilistic sensitivity analysis, there was a 20% probability that LAAO is cost effective 
compared with standard care at a threshold of £20,000 per QALY.  

Full details of the methods and results are available in Appendix 4. 

Table 9. Base case results 

Treatment strategy 
Cost QALYs ICER (cost per 

QALY) Total Incremental Total Incremental 

Standard care £5,910 - 4.803 - - 

LAAO in addition to standard care £18,143 £12,233 5.092  0.289 higher £42,302 per QALY 

Abbreviations 
ICER: incremental cost effectiveness ratio; LAAO: left atrial appendage occlusion; QALYs: quality-adjusted life years 
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6. Organisational Issues 

LAAO is currently available for people with AF and contraindications to anticoagulants in England 
and Scotland. NHS England agreed to routinely commission LAAO for adults with non-valvular AF, 
an elevated stroke risk (i.e., CHA2DS2-VASc score ≥2), and doctor-assessed oral anticoagulation 
contraindications (NHS England 2018). The commissioning decision of LAAO in NHS England was 
based on results available from CtE registry and a review of fourteen published registry and/or 
non-comparative observational studies (NHS England 2018, NICE 2018, Willits et al. 2019). It was 
estimated that the initial case volume in England would be 400 LAAO procedures annually, 
gradually increasing to 1,000 procedures per year over a period of five years (NHS England 2018). 
Additionally, SHTG (2019) reported that there were three percutaneous LAAO procedures in 
Scotland between the 1 April 2017 and 31 March 2018.  

In Wales, experts reported that LAAO procedures are not currently being undertaken. Prior to the 
COVID-19 pandemic, experts reported that adults with AF and contraindications to oral 
anticoagulation who were eligible for LAAO required referral to NHS England through the 
Individual Patient Funding Request (IPFR) pathway. In South Wales, experts reported all IPFR 
requests for LAAO procedures have been rejected, while a limited number of adults in North Wales 
have received LAAO in England (Liverpool). Experts also highlighted that the pandemic added 
another layer of difficulty in this process, leading to several challenges (e.g., traveling 
constraints). However, they noted that as these constraints are reducing, and patients are more 
willing to travel. Considering that in England LAAO is available and commissioned for this 
population, the experts emphasised the potential inequalities in care across the UK. They also 
highlighted the significance of equity in access and long-term outcomes for adults with AF and 
contraindications to oral anticoagulants in Wales, since this population is currently at higher 
risk of stroke than adults who are not contraindicated to oral anticoagulation.  

In 2022, Getting It Right First Time (GIRFT) review has produced recommendations to strengthen 
primary and secondary prevention of stroke for newly formed Integrated Stroke Delivery 
Networks (ISDN). GIRFT (2022) recommended that each ISDN should ensure that all acute stroke 
providers hold stroke meetings in which each patient is discussed and referred for complex 
interventions, including but not limited to LAAO and other surgical procedures. GIRFT (2022) also 
highlighted that these meetings should be done with all relevant experts as well as the operators 
of the procedure present. They have also acknowledged that such recommendations and actions 
are ultimately dependent on each ISDN and service providers for implementation (GIRFT 2022). 
Experts also highlighted that optimised stroke pathways are developed in Wales, since there is 
available a Welsh Government (2022) guidance outlining what attributes should be included in 
good quality stroke services. 

Experts also emphasised that multidisciplinary teamwork is fundamental during the 
identification and selection of patients with AF and contraindications to oral anticoagulation 
who would most benefit from LAAO. This population would usually receive care by 
gastroenterologists or haematologists. Additionally, experts supported that computerised 
tomography and trans-oesophageal echocardiography are valuable during pre-procedural 
planning and post-procedural follow up for LAAO. Therefore, other specialists, like radiologists 
and imaging cardiologists, can also be involved during the decision-making process. Finally, 
experts supported that effective multi-disciplinary teamwork during the pre-procedural LAAO 
planning for this population, can potentially lead to reduction of complications in the early 
learning curve, while also significantly reducing variation of access (i.e., LAAO delivery in a single 
site). 

SHTG (2019) identified two studies exploring the LAAO learning curve. Of these two studies, only 
one focused on adults with AF and contraindications to oral anticoagulation (Cruz-Gonzalez et 
al. 2014). This study recruited thirty-one adults, who prospectively underwent LAAO with the 
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Watchman or Amplatzer Cardiac Plug) performed by the same operator. This study reported 
outcomes on the composite safety endpoint of mortality, pericardial effusion, transient 
ischaemic attack/stroke, and device embolisation events requiring transfusion. Cruz-Gonzalez 
et al. (2014) reported three records of composite endpoint events in the first ten adults treated 
with the Amplatzer Cardiac Plug, including (1) one pericardial effusion, (2) one ischaemic stroke, 
and (3) one air embolism during the 24-hour interval of the surgery. They concluded that LAAO 
procedural complications reduced significantly with increasing operator experience, since initial 
experience obtained with one LAAO device can potentially be generalised to other LAAO devices 
(Cruz-Gonzalez et al. 2014). However, SHTG (2019) highlighted that this conclusion was based on 
a small participant number treated by the same operator whose level of prior experience of 
percutaneous cardiac procedures was unknown. 

Since the SHTG (2019) evidence review, we identified one study (Llagostera-Martin et al. 2021), 
also included in Section 4, exploring the LAAO learning curve focusing on adults with AF and 
contraindications to oral anticoagulation. They recruited fifty-five participants, who 
consecutively underwent LAAO with the LAmbre device performed by two experienced operators 
in catheterisation laboratory. Llagostera-Martin et al. (2021) reported outcomes on peri-
procedural complications of mortality, vascular, transient ischaemic attack/stroke, major 
bleeding, device embolisation, and cardiac tamponade. They reported eight records of 
periprocedural complications in the first twenty-seven patients, including (1) one mortality, (2) 
two vascular, (3) one major bleeding, and (4) four cardiac tamponades (Llagostera-Martin et al. 
2021). Additionally, they reported no events of peri-procedural complications in the last twenty-
eight patients and highlighted that this potentially suggests ease of device implantation. 
Llagostera-Martin et al. (2021) highlighted that the bias related to the operators’ learning curve 
could have led to a higher complication incidences during the first LAAO procedures. Similarly to 
the study reported by SHTG (2019), it is important to highlight that the sample size of this study 
was also relatively small, with no comparison group, and self-reporting events.  

 

7. Patient, carer, family perspectives 

We did not identify any studies on patient issues and patient experience through our literature 
search.  

HTW received a patient submission from the Atrial Fibrillation Association on the impacts of AF 
on patient wellbeing and the potential impacts of LAAO. Their submission can be read in full in 
Appendix 5. 

In summary, their submission states:  

• People with AF are at high risk of a blood clot forming in the heart which can travel to the 
brain and cause an AF-related stroke. 

• Anticoagulation medication is prescribed to reduce the risk of a clot forming however this 
does not treat the symptoms of AF 

• Some people are unable to tolerate oral anticoagulation so are left at high risk of an AF-
related stroke 

• For many LAAO has been lifesaving.  If they are unable to tolerate oral anticoagulation, 
then they are at greater risk of an AF-related stroke. LAAO reduces that risk and therefore 
saves them from the devastating effects of stroke leading to severe disabilities and/or 
death. 

• For those unable to tolerate oral anticoagulation LAAO is the only option 
• Since the introduction of LAAO as an alternative to oral anticoagulation this has provided 

life-saving treatment for people with AF who are at high risk of an AF-related stroke 
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• LAAO should be available to the group of patients that qualify for this treatment and/or 
who do not wish to have to take drugs on a daily basis for the rest of their lives 

• LAAO can and does save lives for people with AF by greatly reducing the risk of a 
devastating AF-related stroke 

HTW also received a submission from the Stroke Association on the impacts of stroke and the 
potential of LAAO to reduce the risk of stroke. This submission can be read in full in Appendix 6.  

In summary, their submission states:  

• Stroke changes life in an instant. Recovery is tough, but with the right specialist support 
and a ton of courage and determination, the brain can adapt after stroke. 

• When stroke strikes, part of your brain shuts down. And so does a part of you. That’s 
because a stroke happens in the brain, the control centre for who we are and what we can 
do. The impact varies depending on which part of the brain is affected. It could be anything 
from wiping out your speech and physical abilities, to affecting your emotions and 
personality. 

• The effects of a stroke can vary from individual to individual, depending on where in the 
brain is affected. Common post-stroke affects can include: Communication problems: 
Communication problems, such as aphasia, are very common after a stroke. Around one-
third of stroke survivors have problems with speaking, reading, writing and 
understanding what other people say to them. Physical changes: Nearly three-quarters of 
stroke survivors in the UK have leg weakness, and over three quarters have arm weakness. 
This can include one-sided weakness (hemiparesis) or one-sided paralysis (hemiplegia). 
Pain, fatigue and changes in sensation can also occur after a stroke. Mental health issues 
are common following a stroke, with our research showing 76% of stroke survivors in 
Wales experiencing depression, anxiety, a lack of confidence, mood swings or even 
suicidal thoughts during their recovery from stroke. 

• Anyone can have a stroke. But there are a lot of things people do to reduce their risk of 
stroke, including appropriate management of atrial fibrillation. 

• AF related strokes are more severe and more likely to result in institutional care. Despite 
this, with the right medication the risk of an AF related stroke can be reduced by up to 
66%. 

• The problem is only going to get worse, with research indicating that the number of people 
aged 55 and over living with AF in the UK will more than double by 2060. 

• Decision makers should be prioritising improvements in all elements of stroke 
prevention, including AF. 

• Evidence suggests that LAAO has the potential to reduce the number of AF-related strokes 
in Wales and benefit those who are unable to take anticoagulants. 

• We are not aware of any alternatives to anticoagulants or antiplatelet therapy being used 
currently in Wales.  

• The result of this is that any individual unable to take these treatments could potentially 
be at a higher risk of a stroke. As previously mentioned, AF related strokes can be more 
disabling, leading to an increased risk of death or disability following a stroke. 

• At present, LAOO is being used as an option for those unable to take anticoagulants in 
England and Scotland. However, the treatment is currently unavailable to those in Wales 
who could benefit from it. 

• We believe decision makers should be prioritising improvements in all elements of stroke 
prevention, including AF. This should include the use of proven technologies, where 
appropriate, to help support the detection and self-management of AF and to mitigate 
against the continued obstacles to in-person AF detection and management. 
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8. Conclusions 

The aim of this rapid review was to examine the clinical and cost effectiveness of LAAO to treat 
adults with AF who are contraindicated to anticoagulants. Since the SHTG (2019) evidence review, 
published evidence is available from a recent systematic review and meta-analysis of 29 non-
comparative observational studies  and eight additional non-comparative observational studies, 
which have been published since this review. 

SHTG (2019) highlighted that several factors should be considered when evaluating the evidence 
on using LAAO in adults with AF and contraindications to oral anticoagulation. Firstly, it was 
reported that effective options to decrease ischaemic stroke risks in this population are limited 
(SHTG 2019). Secondly, SHTG (2019) highlighted that any adverse events emerging from the 
procedure required to be measured versus possible future benefits from decreasing the risk of 
ischaemic stroke instead of immediate benefit of treatment, since LAAO is considered a 
preventative intervention. Finally, adults referred for LAAO will require to be able to receive long-
term antiplatelet therapy post the procedure (SHTG 2019). SHTG (2019) advised that LAAO may be 
offered to patients with non-valvular AF considered to be at high-risk of ischaemic stroke with 
absolute contraindications to oral anticoagulation, including warfarin, and direct 
anticoagulants. 

The systematic review and metanalysis of 29 studies concluded that LAAO is potentially effective 
as a stroke prevention for adults with AF with increased risk of stroke and contraindications to 
oral anticoagulation. This was based on the reported incidence rate of ischaemic stroke post 
LAAO, which was 1.38 per 100 patient-years (95%CI 1.08 to 1.77). All eight additional non-
comparative observational studies also reported outcomes on ischaemic stroke events post the 
LAAO procedure (Asmarats et al. 2018, Briosa et al. 2021, Chen et al. 2019, Chiu et al. 2021, Ding et 
al. 2021, Hildick-Smith et al. 2020, Llagostera-Martin et al. 2021, Saw et al. 2017). Their findings 
varied, reporting annual rates of ischaemic/embolic stroke between 0 and 2.2%. This type of 
study is more prone to bias compared to other experimental studies, such as RCTs. Thus, these 
findings should be interpreted with caution given the limitations of their study design. 

The evidence available on LAAO in adults with AF and contraindications to oral anticoagulation 
appears to be at the IDEAL framework stage 2b ‘exploration’ for surgical interventions (McCulloch 
et al. 2009). Thus, it is important for future research to focus on RCTs comparing LAAO with 
standard care in this population group. This will shed further light on the use of LAAO in adults 
with AF and contraindications to anticoagulation. These gaps may be further addressed by the 
four ongoing RCTs (NCT02830152, NCT03463317, NCT04676880, NCT02928497) that are 
anticipated to report evidence from 2022 and onwards.  

Five studies were included in the review of health economic evidence. All included studies were 
assessed as having potentially serious limitations. Two studies are directly applicable, as they 
consider the UK NHS perspective. The three remaining studies were cost-utility analysis, 
considering the German, Canadian and Swedish healthcare perspectives.  

The two UK studies had conflicting results. The cost consequence analysis found that LAAO in 
addition to medical therapy was more costly than medical therapy alone. The UK cost analysis 
comparing LAAO with aspirin monotherapy found that LAAO was cheaper than aspirin and no 
treatment at 10 years follow up. 

The German and Canadian cost-utility analyses concluded that LAAO was dominant (more 
effective and less costly) compared with aspirin or long-term apixaban, and dominant compared 
with aspirin alone, respectively. The Swedish cost-utility analysis found that LAAO was cost 
effective compared with no pharmacological antithrombotic treatment (no aspirin). The key 
limitation of each of the studies was the lack of comparative effectiveness data. While this could 
not be addressed in an original cost-utility analysis, HTW sought to address the lack of a directly 
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applicable study. The HTW cost-utility analysis found that LAAO in addition to standard care was 
more expensive and more effective than standard care alone, and the ICER of £42,302 per QALY 
gained showed that it was not cost effective. In threshold analyses, we showed that LAAO would 
become cost effective compared with standard care if the cost of LAAO decreased to £9,039 (from 
£15,839 in the base case), if the annual risk of first ischaemic stroke was 7.32%, or if baseline age 
was 67.   

In deterministic sensitivity analyses, LAAO was not cost effective in most scenarios. When it was 
assumed that people in the ‘AF healthy’ health state have the same mortality rate as the general 
population (i.e., there is no increase in mortality due to having AF) LAAO was cost effective. LAAO 
was also cost effective when the baseline age of people entering the model was reduced from 
74.5 to 64.4, which is the lowest mean age of studies included within Labori et al. LAAO is cost 
effective in these scenarios because the people in the model receive the benefit of LAAO for longer. 

In probabilistic sensitivity analysis, there was a 20% probability that LAAO is cost effective 
compared with standard care at a threshold of £20,000 per QALY. 
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• L Elston, Senior Health Services Researcher – quality assurance  
• M Prettyjohns, Principal Researcher – quality assurance 

The HTW Assessment Group advised on methodology throughout the scoping and development 
of the report.  

The HTW Patient and Public Standing Group advised on methodology for patient engagement.  

A range of clinical experts from the UK provided material and commented on a draft of this report. 
Their views were documented and have been actioned accordingly. All contributions from 
reviewers were considered by HTW’s Assessment Group. However, reviewers had no role in 
authorship or editorial control, and the views expressed are those of Health Technology Wales. 

PPI evidence was contributed by the Atrial Fibrillation Association and the Stroke of 
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11. Evidence review methods 

We searched for evidence that could be used to answer the review question: What it the clinical 
and cost effectiveness of left atrial appendage occlusion to treat adults with atrial fibrillation 
that are contraindicated to anticoagulants? 

The criteria used to select evidence for the appraisal are outlined in the protocol in Appendix 1. 
These criteria were developed in agreement with the HTW Assessment Group and UK experts. 

The systematic search followed HTW’s standard rapid review methodology. A search was 
undertaken of Medline, Embase, CINAHL, KSR Evidence, Cochrane Library, the International 
Network of Agencies for Health Technology Assessment (INAHTA) HTA database, and 
Epistemonikos. Additionally, searches were conducted of key websites and clinical trials 
registries. The searches were conducted in February 2022, with an update search of Medline, 
Embase, CINAHL, KSR Evidence, Cochrane Library, and INAHTA HTA database run on 1 July 2022. 
This report incorporated work for the SHTG (2019) which performed the search on the 11th of 
January 2019 and so our systematic search was date limited to 2019 onwards. Appendix 2 gives 
details of the search strategy used for MEDLINE. Search strategies for other databases are 
available on request.  

After the search was conducted, it was clear that there were several systematic reviews, as well 
as primary studies, comparing LAAO and medical management for adults with AF 
contraindicated to anticoagulation. In line with the priority of evidence outlined in the protocol 
(Appendix 1), the most recent systematic review and meta-analysis (Labori et al. 2021) focusing 
exclusively on people with contraindications to anticoagulation was selected for inclusion. We 
did not identify any RCTs or other evidence comparing LAAO with usual care (e.g., oral 
anticoagulants, antiplatelets, no treatment) for this population, published since this latest 
search in this review. However, eight non-comparative observational studies on LAAO for adults 
with AF and contraindications to anticoagulation, published after the latest search, were 
included in this review (Asmarats et al. 2018, Briosa et al. 2021, Chen et al. 2019, Chiu et al. 2021, 
Ding et al. 2021, Hildick-Smith et al. 2020, Llagostera-Martin et al. 2021, Saw et al. 2017). Three 
studies of these studies (Asmarats et al. 2018, Chen et al. 2019, Saw et al. 2017) were included in 
the SHTG (2019) but not in the Labori et al. (2021) systematic review, thus they have been 
extracted directly from the SHTG (2019). One of these studies (Hildick-Smith et al. 2020) was 
identified through another source and included in this review. Appendix 3 summarises the 
selection of articles for inclusion in the review. A single reviewer screened studies and extracted 
data from relevant sources. Where there was uncertainty around eligibility for inclusion, studies 
were discussed with a second reviewer. A formal quality assessment was not conducted, but the 
strengths and weaknesses of evidence are considered throughout. 
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Appendix 1. Inclusion and exclusion criteria for evidence included in the review 

 Inclusion criteria Exclusion criteria 

Population Adults with atrial fibrillation that are contraindicated to anticoagulants  

Intervention Left atrial appendage occlusion/closure   

Comparison/ 
Comparators 

Usual care: 
No treatment/placebo 
Antiplatelets (e.g., aspirin, clopidogrel, dipyridamole, prasugrel, ticagrelor, 
tirofiban, or any combination (dual)) 
Oral anticoagulants (e.g., warfarin, dabigatran, rivaroxaban, apixaban) 

 

Outcome 
measures 

Clinical outcomes (e.g., LAAO implementation success, peri-procedure stroke, peri-procedure mortality, ischaemic/embolic stroke, haemorrhagic 
stroke, major bleeding, rehospitalisation, mortality) 
Safety outcomes (e.g., complications (procedural) and adverse events) 
Patient-reported outcomes (e.g., health-related quality of life, patient satisfaction) 
Healthcare utilisation and economic outcomes (e.g., intervention delivery, type of admission, length of stay, cost-effectiveness) 

Study design 

The following study types were prioritised, in the order listed: 

• Systematic reviews with/without meta-analysis 
• Randomised controlled trials 
• Non-randomised controlled trials 
• Single-arm trials 

We will only include evidence for “lower priority” evidence where outcomes for each condition/symptom of interest are not reported by a “higher 
priority” source or where “lower priority” evidence relates to an intervention assessed to be of high potential. 

• We will also search for economic evaluations or original research that can form the basis of an assessment of costs/cost comparison and 
for qualitative studies that provide information on patient or organisational issues. 

Search limits Search date limits applied to include only evidence published after the literature search of the SHTG (2019) advice. 

Language 
limits English language only. 

Sub-group 
analysis 

In case of result heterogeneity, we might perform sub-group analysis for anticoagulants and anti-platelets in the comparator arm to explore if the 
results are homogenous or not. 
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Appendix 2. MEDLINE search strategy 

Ovid MEDLINE(R) ALL 1946 to June 30, 2022 
Atrial Fibrillation 
1 Atrial Fibrillation/ 66325 
2 (((atria or atrial* or atrium*) adj3 fibrillat*) or AF).tw,kf. 101489 
3 Stroke/pc [Prevention & Control] 17387 

4 Thromboembolism/pc [Prevention & Control] 8834 
5 ((HAS BLED or CHA2* or VASC* or CHADS*) adj3 score*).tw,kf. 6030 
6 exp Anticoagulants/ 237147 
7 Contraindications, Drug/ 496 
8 6 and 7 79 
9 ((contraindicat* or contra-indicat* or refract*) adj3 (anticoagul* or anti-coagul*)).tw,kf. 1277 

10 or/1-5,8-9 133509 
Left Atrial Appendage Occlusion/Closure 
11 Atrial Appendage/ 4609 
12 Septal Occluder Device/ 3374 
13 Therapeutic Occlusion/ 226 

14 
(left adj3 (atrial or atrium) adj3 append* adj3 (occlu* or clos* or obliterat* or procedure* 
or remov* or excis* or sutur* or exclu* or ligat*)).tw,kf. 

2862 

15 (LAAO* or LAAC*).tw,kf. 1002 

16 
(LAA* adj3 (occlu* or clos* or obliterat* or procedure* or remov* or excis* or sutur* or 
exclu* or ligat*)).tw,kf. 

1506 

17 or/11-16 8883 
Set Combination  
18 10 and 17 4260 

19 

(left adj3 (atrial or atrium) adj3 append* adj3 (occlu* or clos* or obliterat* or procedure* 
or remov* or excis* or sutur* or exclu* or ligat*) adj3 (device* or implement* or gadget* 
or utensil* or tool or appliance* or apparatus* or instrument* or machine* or 
mechanism*)).tw,kf. 

510 

20 
("left atrial appendage" adj (occlu* or clos* or obliterat* or procedure* or remov* or excis* 
or sutur* or exclu* or ligat*)).tw,kf. 

2341 

21 
("left atrium appendage" adj (occlu* or clos* or obliterat* or procedure* or remov* or 
excis* or sutur* or exclu* or ligat*)).tw,kf. 

8 

22 
(LAA* adj (occlu* or clos* or obliterat* or procedure* or remov* or excis* or sutur* or exclu* 
or ligat*)).tw,kf. 

948 

23 or/18-22 4567 

Search limits – date 2019 onwards, English language and general exclusions filter 
24 (2019* or 2020* or 2021* or 2022*).dt,ed,yr. 5910286 
25 23 and 24 2204 
26 limit 25 to english language 2120 
27 Letter/ 1185395 
28 Editorial/ 609843 

29 News/ 213318 
30 exp Historical Article/ 408577 
31 Anecdotes as Topic/ 4746 
32 Comment/ 969292 
33 Case Reports/ 2277179 
34 (letter or comment*).ti. 178124 

35 or/27-34 4768812 
36 Randomized Controlled Trial/ or random*.ti,ab. 1458245 
37 35 not 36 4738257 
38 exp Animals/ not Humans/ 5023312 
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39 exp Animals, Laboratory/ 941390 
40 exp Animal Experimentation/ 10192 
41 exp Models, Animal/ 630425 

42 exp Rodentia/ 3466780 
43 (rat or rats or mouse or mice).ti. 1404261 
44 or/37-43 10612586 
45 26 not 44 1451 
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Appendix 3. Flow diagram outlining selection of relevant evidence source 

N.B. In some cases, records identified in the search were considered for inclusion in both the 
clinical and health economic evidence reviews. Therefore, the reasons for exclusion may not add 
up to the number of full texts excluded.  
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Additional records identified 
through other sources  

(n = 5) 

Records after duplicates removed 
(n = 2071) 

Records screened  
(n = 2071) 

Records excluded  
(n = 1981) 

Full-text articles assessed 
for eligibility  

(n = 90) 

Papers included in Evidence 
Appraisal Report (n= 14)  

• Systematic review (n = 1) 
• Non-comparative 

observational studies (n = 
8) 

• Health economic (n = 5) 

Full-text articles excluded, 
with reasons (n = 73) 

• Population not relevant 
(n = 42) 

• Setting not relevant (n=1) 
• Intervention not relevant 

(n = 1) 
• Comparison not relevant 

(n = 9) 
• Outcome not relevant 

(n=5) 
• Study design not relevant 

(n = 4) 
• Narrative review (n= 1) 
• Not in English (n = 3) 
• No cost data (n=5) 

Not a health economic 
analysis (n=2) 
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Appendix 4. HTW cost-utility analysis 

1. Background and objective 

As no directly applicable UK cost-utility analyses were identified in the health economic 
literature review, HTW researchers developed an original cost-utility analysis. 

The cost-utility analysis aimed to identify the most cost effective strategy of the following two 
strategies, in people with atrial fibrillation who are at high risk of thromboembolic stroke and for 
whom anticoagulants are contraindicated or not effective: 

1. LAAO plus conservative medical management (use of antiplatelet drugs) 
2. Conservative medical management only (use of antiplatelet drugs) 

A decision tree and Markov model were used to estimate costs and quality-adjusted life years 
(QALYs) from the UK NHS and personal social services perspective. A lifetime time horizon was 
considered. Costs and QALYs were discounted at 3.5% per year as recommended in the NICE 
reference case. 

 

2. Methods 

 Model approach 

The model is a decision tree and a Markov model, constructed in Microsoft Excel, which evaluates 
the total costs and QALYs of the included strategies. The model structure adopted elements from 
the studies included in the health economic evidence review. Similar to Labori et al. (2022), it 
includes health states based on the modified Rankin scale (mRS), which measures disability and 
dependency in people with stroke on a scale from zero to six, where zero represents no 
dependency and six represents death. This model structure was used as it was felt to be the most 
appropriate for assessing the long-term costs and outcomes of stroke, with model structures 
based on mRS having been used in cost-utility analyses included as evidence for the NICE 
guideline on diagnosis and initial management of stroke and TIA (NICE 2019).  

The first year costs and outcomes of LAAO and standard care are evaluated using a decision tree. 
A simplified schematic of the decision tree is shown in figure 1. Everyone enters the decision tree 
with an assumed baseline mRS of 0 (no ischaemic stroke). The decision tree then distributes 
people into four of the seven health states of the Markov model. In contrast to the original model 
structure used in Labori et al. (2022), the decision tree incorporates risk of ischaemic stroke in 
the first year. It also incorporates LAAO in-hospital adverse events. Haemorrhagic stroke is the 
only adverse event which impacts health state allocation in the model. 
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Figure 1: Simplified schematic of decision tree (year 1) 

The Markov model extrapolates the cost and health effects beyond the first year, to the lifetime 
time horizon. The cycle length of the Markov model is one year. One event is permitted per cycle. 

The Markov model includes seven health states: 

• Stroke-free mRS 0 
• Post-ischaemic stroke mRS 1-2 (independent) 
• Post-ischaemic stroke mRS 3-5 (dependent) 
• Acute ischaemic stroke mRS 1-2 (independent) 
• Acute ischaemic stroke mRS 3-5 (dependent) 
• Stroke-related mortality (mRS 6) 
• All-cause death 

People enter the Markov model, as distributed by the decision tree, in the stroke-free (people who 
haven’t yet experienced an ischaemic stroke), post-ischaemic stroke independent (mRS 1-2), 
post-ischaemic stroke dependent (mRS 3-5) or either of the dead health states. People who 
haven’t had a stroke or people in the post-ischaemic stroke independent health state are at risk 
of an acute ischaemic stroke (mRS 1-2 or mRS 3-5). People in the dependent health state are 
assumed to be at risk of a disabling ischaemic stroke only (mRS 3-5), because no improvements 
in mRS are permitted in the model i.e. (there is no possibility of regaining independence or 
reducing disability). After an ischaemic stroke, a person either enters the corresponding post-
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stroke health states according to their mRS, or experiences a recurrent ischaemic stroke 
(resulting in the same mRS health state or higher). Everyone in the model is at risk of stroke-
related and all-cause mortality. 

The Markov model structure is shown in Figure 2. 

 

Figure 2: Markov model structure. People in each health state are at risk of all-cause mortality. 

Assumptions 

• No-one in the model is assumed to receive oral anticoagulants. In the base case, everyone 
receives the same pharmacological treatment (aspirin), and discontinuation is not 
considered. 

• No consideration of difference in risk of stroke between symptomatic and asymptomatic 
AF 

• Haemorrhagic stroke, transient ischaemic attack, minor bleeds not considered in the 
Markov model (initial LAAO adverse events only) 

• Model assumes no effect of previous events on risk of subsequent events 
• No separate health states for haemorrhagic stroke or myocardial infarction (initial cost 

and disutility only) 
• People who have LAAO failure in the decision tree are at the same risk of stroke as 

standard of care, for the full year 
• No long-term complications of LAAO 
• People in mRS 3-5 do not experience non-disabling recurrent stroke 
• No differentiation in terms of costs or health effects between first and recurrent stroke 
• Ischaemic stroke in the decision tree is assumed to occur at 6 months 
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• The model did not account for any increase in risk of stroke with age (as was attempted by 
Reddy et al. (2016)). 

 

 Clinical inputs 

The review of clinical evidence undertaken for this Evidence Appraisal Report did not identify any 
comparative studies which reported outcomes for people receiving LAAO and those receiving a 
comparator treatment. The Labori et al. (2021) meta-analysis was the highest level of evidence 
included in the review of clinical studies for this evidence appraisal report. It reported pooled 
estimates of incidence rates of ischaemic stroke, transient ischaemic attack, major bleeding, 
and all-cause mortality.  

Clinical inputs into the model are summarised in table 1. 

 

2.2.1 Baseline characteristics 

We used the baseline characteristics of people in the CtE registry, which reported the same 
baseline CHA2DS2-VAS and age as Labori et al. (2021) (Labori et al. (2021) did not report the 
percentage of female participants) (Willits et al. 2019). We tested alternative model inputs for 
age, percentage female and CHA2DS2-VAS, based on UK studies (described below) (Panikker et al. 
2016, Briosa et al. 2021, Ding et al. 2021). 

 

2.2.2 Ischaemic stroke 

Labori et al. (2021) reported the risk of having an ischaemic stroke after LAAO as 1.39 per 100 
person-years, in people with AF and with a contraindication to oral anticoagulation and a 
CHA2DS2-VAS score of 4. The baseline CHA2DS2-VAS in the LAAO arm was therefore fixed at 4 in the 
model. We varied the risk of ischaemic stroke in the LAAO arm in scenario analyses, including 
using the inverse variance estimate from Labori et al. (2021) and using the values reported in the 
PROTECT and PREVAIL randomised controlled trials (anticoagulation not contraindicated). 

For the ischaemic stroke rate in people receiving standard care, we reviewed the approaches 
taken in previously published health economic studies. Labori et al. (2022) used an assumed risk 
of ischaemic stroke for individuals receiving no treatment, based on the CHA2DS2-VAS stroke risk 
score applied to a cohort with AF and receiving no stroke prevention in Sweden. We favoured the 
approach taken by Labori et al. (2022), as it used the CHA2DS2-VAS score, which is recommended 
by NICE (2021). We obtained the risk of stroke corresponding to each CHA2DS2-VAS from the same 
Swedish cohort study (Friberg et al. 2012), which differ from the inputs used in Labori et al. (2022) 
as they are unadjusted for aspirin, and therefore reflect the risk of stroke for people who are being 
treated with aspirin. In a scenario analysis, we used the adjusted values, which reflect the risk of 
stroke when people are receiving no treatment. 

In a scenario analysis, we varied the baseline CHA2DS2-VAS (to 4.8, based on Panikker et al. (2016)) 
and therefore the risk of stroke in the standard care arm, however due to a lack of data we were 
not able to simultaneously vary CHA2DS2-VAS in the LAAO arm.  

We consulted clinical experts on the expected duration of the benefit of LAAO on ischaemic stroke 
risk. Experts reported that they would expect a lifetime benefit of LAAO, which was assumed in 
the base case. In a sensitivity analysis, we explored a shorter treatment effect duration. 
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Labori et al. (2022) assumed a favourable distribution of mRS categories following ischaemic 
stroke for individuals with LAAO treatment compared with those receiving standard care. The 
distribution for those receiving LAAO was based on the distribution reported by Reddy et al. (2016) 
(based on the PROTECT AF trial), while the distribution for the standard of care arm was based on 
mapping variables for people without stroke prevention in a Swedish Stroke Register dataset 
(Riksstroke). This implies that people experiencing ischaemic stroke after LAAO have fewer 
strokes resulting in higher disability (mRS 3, 4 and 5) compared with standard care. As neither 
the Labori et al. (2021) meta-analysis, nor the other observational studies included in this 
Evidence Appraisal report reported this outcome, in the base case of the model we assumed no 
difference in effectiveness between LAAO and standard care for post-ischaemic stroke mRS 
distributions. In a scenario analysis, we used the mRS distributions used in Labori et al. (2022), 
incorporating a stroke severity treatment effect. 

 

2.2.3 Outcomes not considered 

Labori et al. (2022) did not consider outcomes other than ischaemic stroke (such as 
haemorrhagic stroke or TIA) in their model.  In addition to modelling ischaemic stroke rate 
effectiveness, (Reddy et al. 2016) also considered haemorrhagic stroke, with HAS-BLED used to 
obtain the baseline bleeding risk.  We consulted with clinical experts on whether to include 
haemorrhagic stroke in the model. Experts felt that LAAO is an intervention to reduce the risk of 
ischaemic stroke and noted that low-incidence haemorrhagic stroke is not likely to be 
significant in the model. Experts highlighted that as pharmacological treatments are the same 
in both arms of the model, there is not likely to be a difference in haemorrhagic stroke between 
arms. To estimate the annual probability of haemorrhagic stroke in the standard care arm, the 
relative risk from Reddy et al. (2016) for treatment with ‘aspirin only’ was used to adjust bleeding 
risk (corresponding to a HAS-BLED of 3.19) and it was assumed that 21% of major bleeds are 
intracerebral haemorrhage (based on Reddy et al. (2016)). This results in an annual probability of 
haemorrhagic stroke of 0.51% in the standard of care arm, compared with 0.47% in the LAAO arm 
based on Labori et al. (2021) meta-analysis. Further, experts flagged that HAS-BLED is not likely 
to be suitable to estimate haemorrhagic stroke risk in the standard care arm in the population 
of interest, as HAS-BLED was developed when warfarin treatment represented the standard of 
care. We therefore chose not to include haemorrhagic stroke in the model.  

Similarly, we did not include transient ischaemic attack in the model as we were unable to 
estimate the risk of transient ischaemic attack in the standard care arm. 

 

2.2.4 In-hospital adverse events 

As with the effectiveness data, we did not identify any comparative studies, which reported 
adverse events for people receiving LAAO and those receiving a comparator treatment in people 
with atrial fibrillation who are at high risk of thromboembolic stroke and for whom 
anticoagulants are contraindicated or not effective.  

The SHTG Advice Statement, which we updated for this Evidence Appraisal Report, included two 
randomised controlled trials in the review of safety evidence, which were excluded from the 
review of effectiveness because the trials considered patients eligible for oral anticoagulation 
(SHTG 2019). SHTG included PROTECT and PREVAIL on the basis that adverse events could be 
expected to be similar or lower in patients in these trials compared with patients who cannot 
receive oral anticoagulation (Holmes et al. 2009, Holmes et al. 2014). While these data are 
comparative, they are in the wrong population and the comparator may not be applicable. 
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We consulted clinical experts, who felt that the CtE registry would be a more appropriate source 
of adverse event data. The CtE registry reports major complications and clinical failure following 
LAAO in people for whom anticoagulants are contraindicated (Willits et al. 2019). However, no data 
are available for standard care. In the base case of the model, we therefore use CtE data for 
adverse events in the LAAO arm, and assume no adverse events in the standard care arm. We 
expect this to be a reasonable assumption, as pharmacological treatments are the same in both 
arms.  

The remaining previously published cost-utility analyses took varying approaches to modelling 
adverse events. Labori et al. (2022) did not explicitly model adverse events, beyond LAAO failure. 
We use this approach in a sensitivity analysis. Reddy et al. (2016) and Saw et al. (2016) considered 
only LAAO complications, with Saw basing the rates of complications on data from the PROTECT 
–AF study (Reddy et al. 2016, Saw et al. 2016, Holmes et al. 2009).  

 

2.2.5 Mortality 

We used Welsh age-dependent mortality rates, which were adjusted to estimate mortality for the 
different health states of the Markov model (Office for National Statistics 2021). The rates were 
adjusted by applying standardised mortality ratios, as reported in (NICE 2021) (Evidence Review 
J3: Ablation). For baseline mortality in those who have not experienced ischaemic stroke, the 
standardised mortality ratio for paroxysmal AF without anticoagulation, relative to the general 
population, was used. This SMR was originally from a large Swedish observational study with a 
4.6 year follow up (Friberg et al. 2007). 
 
The SMRs for ischaemic stroke and post-ischaemic stroke, obtained from (NICE 2021), were 
originally reported by a Dutch study of long-term survival following a non-fatal stroke (those who 
survive 30 days) (Brønnum-Hansen et al. 2001). Applying these SMRs to UK National life table 
data gave an estimate of mortality after 30 days following an event. For acute ischaemic stroke 
mortality (within the first 30 days of the event), an Italian population-based prospective study 
reporting 28-day stroke case fatality rates was used, again following the approach taken in (NICE 
2021, Janes et al. 2013).  
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Table 1. Model inputs: Clinical inputs 

Description 
Point estimate 

in base case 
SD 

(95% CI) PSA distribution (α, β) Source Alternative values for scenarios 

Cohort settings 

Mean age 74.5 8 Normal (n=460) CtE (Willits et al. 2019) 

73.9 (Panikker) 
64.4, 79.6 (Labori et al. 2021) 
74 (Briosa et al. 2021) 
78(Ding et al. 2021) 

% Female 31.8%  Beta (146, 314) CtE (Willits et al. 2019) 
40.9% (Panikker et al. 2016) 
27.95% (Briosa et al. 2021) 
35.2% (Ding et al. 2021) 

CHA2DS2-VASc 4.3 1.5 Normal (n=460) 
CtE (Willits et al. 2019) 
and Labori et al. (2021) 

4.8 (Panikker et al. 2016) 
(Briosa et al. 2021) and (Ding et al. 2021)  
both 4 (not used) 

Effectiveness: Annual risk of stroke  

LAAO annual probability of 
ischaemic stroke  

1.37% (1.08%-1.75%) 
Risk varied probabilistically 
(normal dist.), then converted 
to probability 

Labori et al. (2021), 
Labori et al. (2022) 

Inverse variance (Labori et al. 2021) 

Standard care (aspirin) 
annual probability of 
ischaemic stroke 

4.69%  
Risk varied probabilistically 
(normal dist.), then converted 
to probability 

Labori et al. (2022) 
(originally Friberg et al. 
(2012)) 

5.35% (no treatment)  
4.96% (treatment mix based on CtE 
(Willits et al. 2019)) 

Other model probabilities 

Proportion of patients in 
independent state post-
stroke (mRS 0-2) 

100%-Sum of 
transition 
probabilities 
from mRS 0-2 to 
mRS 3 (19%) and 
from mRS 0-2 to 
mRS 4-5 (21%) = 
60% 

mRS 0-2 to 
mRS 3 (0.019) 
mRS 0-2 to 
mRS 4-5 
(0.022) 

mRS 0-2 to mRS 3 (78,339) 
mRS 0-2 to mRS 4-5 (76, 282) 
Beta distributions 

Labori et al. (2022) 

100%, 0% 
Effectiveness scenario: 60% in SoC arm 
and 88% in LAAO arm, based on 
transition probabilities in Labori et al. 
(2022) 
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Description Point estimate 
in base case 

SD 
(95% CI) PSA distribution (α, β) Source Alternative values for scenarios 

Recurrent stroke 
probability 1 year + 

5.1%  Beta (91, 1695) Labori et al. (2022) 2.01% (Lobotesis et al. 2016) 

Standardised mortality 
ratio AF (no 
anticoagulants) 

2.2 0.14 (1.6-2.8) Lognormal distribution 
(NICE 2021) (Evidence 
Review J3: Ablation). 
SMR applied to age-
dependant general 
population mortality 
rates from Welsh life 
tables 2018-2020 (Office 
for National Statistics 
2021) 

1 (assumption, no difference from general 
population) 

Standardised mortality 
ratio ischaemic stroke 
health states 

4.73 0.04 (4.34, 5.15)  Lognormal distribution  

Standardised mortality 
ratio post-ischaemic 
stroke health states 

2.32 0.04 (2.17, 2.49)  Lognormal distribution  

Ischaemic stroke 
mortality, 30 days 

16.8% 
9.41% (13.9%- 
20.1%) 

Lognormal distribution 

NICE (2021) 
Death in initial 30 days 
after event. No QALYs are 
contributed by these 
people, only acute costs.  

 

Other decision tree probabilities 

LAAO procedural success 
(devices implanted) 

93.6%  Beta (431, 29) 
CtE (Willits et al. 2019) 
 

99.3% highest reported in clinical review. 
90.1%,PROTECT and PREVAIL combined 
Holmes et al. (2009) and Holmes et al. 
(2014) 

Clinical failure at follow-
up 

9.1% 6.6%-12.2% Beta (42, 418) CtE (Willits et al. 2019) 0%, assumption 

In-hospital mortality 0.9%  Fixed CtE (Willits et al. 2019) 0%, assumption 

Neurological event 
(assumed 50% TIA, 50% 
haemorrhagic stroke) 

0.8%  Beta (4, 456) CtE (Willits et al. 2019) 0%, assumption 

Pericardial effusion 
requiring intervention 

2.1%  Beta (10, 450) CtE (Willits et al. 2019) 
0%, assumption 
4.8% PROTECT 

Embolisation 0.8%  Beta (4, 456) CtE (Willits et al. 2019) 0%, assumption 
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Description Point estimate 
in base case 

SD 
(95% CI) PSA distribution (α, β) Source Alternative values for scenarios 

Surgical intervention 1.9%  Beta (9, 451) CtE (Willits et al. 2019) 0%, assumption 

Major vascular injury 1%  Beta (5,455) CtE (Willits et al. 2019) 0%, assumption 

Major bleed (assumed 
100% gastrointestinal 
bleeds) 

1.9%  Beta (9, 451) CtE (Willits et al. 2019) 0%, assumption (Holmes et al. (2009) 

Myocardial infarction 0.4%  Beta (2, 458) CtE (Willits et al. 2019) 0%, assumption 

Acute kidney injury 2 or 3 0.6%  Beta (3 ,457) CtE (Willits et al. 2019) 0%, assumption 

Endocarditis 0.4%  Beta (2, 458) CtE (Willits et al. 2019) 0%, assumption 

Proportion independent 
following haemorrhagic 
stroke 

40.5%  Beta (166.27, 249.4) 
NICE (2021) 
 

 

Haemorrhagic stroke 
mortality, 30 days 

31.6% 
16.2% (22.7%-
42.8%) 

Lognormal NICE (2021)  
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 Resource use and costs 

The costs considered in the model reflect the perspective of the analysis, thus only costs that are 
relevant to the UK NHS & PSS were included. Where possible, all costs were estimated in 2021 
prices. 

 

2.3.1 Intervention costs 

No-one in the model is assumed to receive oral anticoagulants. In the base case, everyone 
receives the same pharmacological treatment (aspirin), and discontinuation is not considered. 
In a scenario, aspirin is stopped 6 months after LAAO in the LAAO arm only. 

In the base case, we based the cost of LAAO on the resource items listed in Labori et al. The 
estimated cost of £15,839 incorporates pre-procedural, peri-procedural and post-procedural 
costs (table 2). Separating these cost components allows different costs to be applied in the 
model, according to LAAO procedural success. 

We compared the base case cost estimate with the input used in Labori et al, and the cost 
reported in the CtE registry report, which was based on a costing template (Willits et al. 2019). 
The base case peri-procedural cost, including a cost for the procedure and a device cost, was 
similar to the LAAO procedure cost used in Labori et al. However, the total base case cost (adding 
pre-, peri- and post-LAAO costs) is slightly higher than both Labori and the CtE cost.  

We therefore used the 2017/2018 LAAO cost (inflated to 2019 costs) reported in the CtE registry 
report in a scenario analysis. In this scenario of the model, everyone in the LAAO arm received the 
same LAAO costs upon entering the model, irrespective of mortality and whether the initial LAAO 
implantation was successful. This could slightly overestimate costs. The CtE cost includes costs 
of pre-operative assessment, peri-operative procedure and post-operative management, with 
components including the device, investigations, staff, consumables, length of stay, theatre and 
outpatient costs. Notably, an outpatient transthoracic echocardiogram (EY502 complex 
echocardiogram for an inpatient) as part of follow up was assumed in only 77% of patients, 
whereas inpatient and outpatient follow visits were assumed to occur in 100% of patients. 

We used the CtE cost for LAAO in a scenario, because of  the NICE (2021) guideline committee’s 
impression that that, at the time of producing the guideline, the OPCS code of 4.5 K22.8 (other 
operations on wall of atrium) would mean that the costs of the procedure would be aggregated 
with other non-similar interventions, and therefore the corresponding healthcare resource group 
would be highly unlikely to reflect LAAO. The committee further noted that the procedure was 
included under the SSNDS Definition No 13. Specialised Cardiology & Cardiac Surgery Services 
(adult), indicating that the procedure is specialised and not undertaken frequently. The 
committee noted that alongside the high upfront cost, the need and resources used in for follow 
up was also important. However, there was insufficient clinical evidence of appropriate follow up 
time to make an informed estimate to what the long term resource implications may be. 

 

2.3.2 Health state costs 

In the base case of the model, costs for post-IS management were based on the NICE 
anticoagulation model, as it reported annual post-ischaemic stroke management costs for 
different categories of disability (non-disabling stroke, moderately disabling and totally 
disabling). The NICE guideline models for anticoagulation and ablation used different costs, so 
we applied the ablation model cost in a scenario analysis, assuming no difference in 
management costs between mRS 1-2 and mRS 3-5.  
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People in the acute ischaemic stroke health states were assumed to accrue the cost of the acute 
event, and post-IS management as above. The NICE anticoagulation model used a cost of £13,603, 
based on a UK registry, for all acute ischaemic strokes. This was used in the base case. In a 
scenario, we used NHS Reference Costs 2019/20, in order to make an assumption about stroke 
severity. We used a weighted average of CC scores 0-9 for minor stroke and 10-16 for major stroke. 
In a further scenario, we used the cost of ischaemic stroke from the NICE ablation model 
(£22,796) and assumed that this included the costs of post-IS management. 

We assumed that the same costs would apply for first and recurrent ischaemic stroke. 

Assumptions 

• Those who experience in-hospital mortality in the LAAO arm incur only pre-operative LAAO 
costs. 

• People who experience haemorrhagic stroke and myocardial infarction in the decision 
tree only receive the associated costs for one year, before entering the Markov model. 
Other adverse events e.g., gastrointestinal bleeds are less likely to have a permanent 
impact on patients in terms of ongoing costs and health effects. 

• People with haemorrhagic stroke after LAAO are also at risk of experiencing ischaemic 
stroke at 6 months in the decision tree. People with haemorrhagic stroke and ischaemic 
stroke receive one year of management costs for haemorrhagic stroke, and six months of 
management for ischaemic stroke in the decision tree. This may overestimate costs, but 
is a simplifying assumption. 

• We did not include the costs of a short course of oral clopidogrel following LAAO, as it was 
unlikely to affect results. 

• People with LAAO failure are assumed to not need the device removed in the base case. In 
a scenario, the cost of an additional procedure was applied. 

• We have not included any additional costs of stroke death. People who die following stroke 
incur only the costs of the stroke. 
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Table 2 Model inputs: Cost inputs 

Description Input 95% CI PSA distribution (α, β) Source Alternative values for 
scenarios  

LAAO pre-procedure 
• Non-admitted, first face-to-face cardiac 

surgery attendance 
• Cardiac CT (outpatient) 
• Transthoracic echocardiogram EY502 complex 

echocardiogram for an inpatient 

• £352 
• £68 
• £1,659 

• £296-£406 
• £46-£89 
• £857-£2,139 

Gamma 
• 369313, 0.9E-3 
• 1152048,5.9E-05 
• 1358, 1.22 

 
£12,183 CtE (Willits et al. 
2019) inflated to 2019 

LAAO peri-procedure 
• Percutaneous transluminal occlusion of left 

atrial appendage HRG EY22 
• Device (simple average Amplatzer and 

Watchman) 

• £6,369 
• £5,400 

 

• Weighted average of CC 
scores, Gamma for 
costs, Dirichelet for 
weights 

• Fixed 

(NHS England 
2021, Chain 
2022) 

£0 in CtE cost scenario 

LAAO post-procedure 
• Non-admitted, follow-up face-to-face cardiac 

surgery attendance 
• EY502 complex echocardiogram for an 

inpatient 
• Cardiac CT (outpatient) 

• £262 
• £1,659 
• £68 

 
• Fixed 
• As above 
• As above 

 £0 in CtE cost scenario 

Aspirin (annual cost) £11.34  Fixed 
(Joint Formulary 
Committee 2021) 

 

Acute ischaemic stroke £13,603  Gamma (77, 177) 
NICE (2021) 
anticoagulants 

NHS Reference costs 
weighted average by CC 
score 
NHS reference costs minor 
and major strokes based 
on CC scores £2140 and 
£4948 respectively 
£22,796 NICE ablation 
model (assumed to include 
management) 
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Description Input 95% CI PSA distribution (α, β) Source Alternative values for 
scenarios  

Management non-disabling ischaemic stroke mRS 
1-2 

£2,135  Gamma (0.34, 6,329) 
NICE (2021) 
anticoagulants 

Stoke management costs 
the same for major and 
minor costs in a scenario 
 
£7,296 based on NICE 
ablation model, same for 
major and minor 

Management disabling ischaemic stroke mRS 3-5 £4,165  Gamma (0.29, 14117) 
NICE (2021) 
anticoagulants 

£6,324, NICE totally 
disabling 
£7,296 based on NICE 
ablation model, same for 
major and minor 

Other decision tree costs 

LAAO procedural failure £0    
£6,369 procedure cost only, 
NHS reference costs 

Neurological events 
• Haemorrhagic stroke 50% (assumed) 
• TIA 50% (assumed) 

Haemorrhagic 
stroke 
management 
year 1: £20,081 
Acute 
haemorrhagic 
stroke: £13,400 
TIA: £1,057 

 

Proportion TIA: fixed 
Management cost: fixed 
Acute haemorrhage: 
Gamma (12, 1147) 
TIA: Gamma for costs, 
dirichlet for weighted 
average by CC score 

Haemorrhage:NI
CE anticoag  
TIA- NHS 
reference costs 

 

Pericardial effusion requiring intervention: 
Unspecified drainage of pericardium ED31 

£4,657  

Gamma for costs, dirichlet 
for weighted average by CC 
score 

  

Embolisation 
Assume cost equal to Transient Ischaemic Attack 
AA29, based on an assumption made in Saw et al. 

£1,057    

Surgical intervention 
Complex, Other Operations on Heart or Pericardium 
ED30/21 

£6,137    
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Description Input 95% CI PSA distribution (α, β) Source Alternative values for 
scenarios  

Major vascular injury 
Standard Percutaneous Transluminal Coronary 
Angioplasty EY41 

£2,453    

Major bleed (assumed 100% gastrointestinal 
bleeds) 
Gastrointestinal Bleed with Multiple 
Interventions/Single intervention/Without 
intervention FD03 

£1,230    

Myocardial infarction 
Actual or Suspected Myocardial Infarction EB10 
Reference costs direct hospitalisation only; 
doubled to account for total costs as per 
assumption made in NICE anticoag 

£3,184    

Acute kidney injury 2 or 3 LA07 Assume CC score 4+ 
(H-N) 

£2,257    

Endocarditis EB02 £4,656    
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 Health-related quality of life 

As recommended in the NICE reference case, the model estimates effectiveness in terms of 
quality adjusted life years (QALYs). These are estimated by combining life year estimates with 
quality of life (QoL) values associated with being in a particular health state.  

The baseline utility (stable AF well) was obtained from the NICE anticoagulation model. However, 
we did not age-adjust the utilities. We elected to use this input rather than the equivalent from 
the NICE ablation model, as the NICE ablation model used the general population utility for people 
with AF who are symptom free and applied a decrement for those with symptoms. 

We obtained the utilities of people in mRS 1-2 and mRS 3-5 from a UK cost-utility analysis which 
was included in the NICE stroke guideline. We used these inputs because NICE anticoagulation 
and NICE ablation used a single utility value for post-stroke health states, regardless of mRS. 

In a scenario, we used the NICE anticoagulation model inputs (0.69 for post-stroke, irrespective 
of mRS and a three month disutility of 0.59 for acute ischaemic stroke) and inputs from (Labori 
et al. 2022). 

Adverse event disutilities were sourced from the NICE guideline models where possible, with 
other UK cost-utility analyses sought if required. These alternative studies were found using the 
TUFTS registry. 

Assumptions 

• People who experience haemorrhagic stroke in the decision tree receive 3 months of acute 
haemorrhagic stroke disutility, 3 months of post-haemorrhagic stroke disutility and then 
either the utility of mRS 1-2 or mRS 3-5, depending on the severity of the haemorrhagic 
stroke. Thereafter, they cannot be differentiated from those who have experienced 
ischaemic stroke. This was a simplifying assumption. 

• People who experience myocardial infarction in the decision tree receive 3 months of the 
acute disutility only, with no long-term health implications. This was a simplifying 
assumption. 

Table 3. Model inputs: Quality of life inputs 

Description Input 95% CI 
PSA 
distribution 
(α, β) 

Source Alternative values 
for scenarios 

Stable AF Well 0.779 SD: 0.253 
Normal (0.779, 
4.5E-03) 

NICE (2021) NICE 
anticoagulation 
model 

0.79 (Labori et al. 
2022) 

mRS 1, 2 0.74  
Beta (684, 
3021) (3 
months) 

Pizzo et al. (2020) 

(NICE 2021) 
Anticoagulation 
0.69 
 
(NICE 2021) 
Ablation 0.628 
 
0.693 (Labori et al. 
2022) 

mRS 3, 4, 5 0.38  
Beta (60, 590) 
(3 months) 

Pizzo et al. (2020) 

(NICE 2021) 
Anticoagulation 
0.69 
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Description Input 95% CI 
PSA 
distribution 
(α, β) 

Source Alternative values 
for scenarios 

(NICE 2021) 
Ablation 0.628 
 
0.319 (Labori et al. 
2022) (average of 
utilities for mRS 4 
and mRS 5) 

Ischaemic stroke 0.34  
Beta (540, 
5685) 

Pizzo et al. (2020)  

TIA 
-0.131 (for 3 
months) 

 
Uniform (-0.197, 
-0.066) 

(NICE 2021) 
Anticoagulation 

 

Haemorrhagic 
stroke 

-0.179 (for 3 
months) 

 
Uniform (range 
-0.759-0) 

(NICE 2021) 
Anticoagulation 

 

Post-
haemorrhagic 
stroke 

0.74 (for 3 
months) 

0.39 
Beta (3.941, 
1.385) 

(NICE 2021) 
Anticoagulation 

 

Pericardial 
effusion requiring 
intervention 

As for 
surgical 
intervention, 
below (for 3 
months) 

 Fixed 
(NICE 2021) Ablation 
 

 

Embolisation 
As for TIA (for 
3 months) 

  
(NICE 2021) 
Anticoagulation 

 

Surgical 
intervention 

-0.1 (for 3 
months) 

 Fixed 

(NICE 2021)ablation 
Atrial tear requiring 
sternotomy. NICE 
committee 
assumption 

 

Major vascular 
injury 

-0.1 (for 1 
month) 

 Fixed 

(NICE 2021) ablation 
Vascular 
complications, 
cardiac tamponade 
and other sever 
complications 

 

Major bleed 
(assumed 100% 
gastrointestinal 
bleeds) 

-0.03 (for 3 
months) 

 
Normal (-0.03, 
0.002) 

(NICE 2021) 
Anticoagulation 

(NICE 2021)  
Ablation -0.107 

Acute myocardial 
infarction 

-0.096 (for 3 
months) 

 Beta (152,0.08) 
(NICE 2021) 
Anticoagulation 

 

Acute kidney 
injury 2 or 3 

-0.254 (for 3 
months) 

 Beta (0.07, 0.2) 
(Javanbakht et al. 
2020) 

 

Endocarditis 
-0.254 (for 3 
months) 

NR Fixed (Franklin et al. 2016)  
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3. Results 

 Base case results 

The results of the base case analysis are presented in Table 4, which shows the discounted total 
and incremental costs and QALYs over the time horizon (presented on a per patient basis) as well 
as the incremental cost effectiveness ratio (ICER). In the deterministic analysis, LAAO in addition 
to standard care was found to be more costly and more effective than standard care alone, but 
not cost effective, with an ICER of £42,302 per QALY gained. 

Table 4. Base case results 

Treatment strategy 
Cost QALYs ICER (cost per 

QALY) Total Incremental Total Incremental 

Standard care £5,910 - 4.803 - - 

LAAO in addition to standard care £18,143 £12,233 5.092  0.289 higher £42,302 per QALY 

Abbreviations 
ICER: incremental cost effectiveness ratio; LAAO: left atrial appendage occlusion; QALYs: quality-adjusted life years 

 

 Deterministic sensitivity analysis results 

A series of deterministic sensitivity analyses were conducted, whereby an input parameter is 
changed, the model is re-run and the new cost-effectiveness result is recorded. This is a useful 
way of estimating uncertainty and determining the key drivers of the model result. The results of 
the deterministic sensitivity analyses are presented in table 5 and figure 3. In most scenarios, 
LAAO is not cost effective. When it is assumed that people in the ‘AF healthy’ health state have 
the same mortality rate as the general population (i.e., there is no increase in mortality due to 
having AF) LAAO is cost effective. LAAO is also cost effective when the baseline age of people 
entering the model is reduced from 74.5 to 64.4, which is the lowest mean age of studies included 
within Labori et al. LAAO is cost effective in these scenarios because the people in the model 
receive the benefit of LAAO for longer. 

When combined with the lower LAAO cost based on the CtE report (Willits et al. 2019), the following 
assumptions result in ICERs below the £20,000 per QALY threshold: 

• CtE LAAO cost and 100% minor ischaemic stroke 
• CtE LAAO cost and mortality in ‘no stroke’ health state as per general population (no effect 

of AF on mortality risk) 
• CtE LAAO cost and baseline age: Lowest mean age of included studies in Labori et al. 

(2022). 

Table 5. Results of scenario analyses 

Scenario Modelled scenario Result 

0 Base case 
£42,302 per 
QALY 

1 
Effectiveness: Ischaemic strokes more disabling in standard care arm than 
LAAO arm 

£37,476 per 
QALY 

2 100% minor ischaemic stroke 
£27,352 per 
QALY 
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Scenario Modelled scenario Result 

3 100% major ischaemic stroke 
£66,805 per 
QALY 

4 
Lower recurrent ischaemic stroke rate (2.01%) (based on (Lobotesis et al. 
2016)) 

£45,049 per 
QALY 

5 LAAO stroke risk based on inverse variance meta-analysis 
£46,559 per 
QALY 

6 
Ischaemic stroke risk in standard care arm adjusted for ‘no treatment’ 
(higher risk than base case) 

£33,454 per 
QALY 

7 
Ischaemic stroke risk in standard care arm adjusted for aspirin/no 
treatment, in proportions based on treatment mix in CtE (Willits et al. 2019) 

£34,706 per 
QALY 

8 No LAAO failure at first follow-up in decision tree 
£41,246 per 
QALY 

9 
Mortality in ‘no stroke’ health state as per general population (no effect of AF 
on mortality risk) 

£15,368 per 
QALY 

10 Probability of pericardial effusion from PROTECT (Holmes et al. 2009) 
£42,825 per 
QALY 

11 Probability of major bleeding from PROTECT (Holmes et al. 2009) 
£42,389per 
QALY 

12 No in-hospital adverse events following LAAO 
£39,668 per 
QALY 

13 
LAAO procedural utility decrement applied for 1 month, based on (Saw et al. 
2016) 

£53,252 per 
QALY 

14 Ischaemic stroke rate in LAAO arm from PROTECT (Holmes et al. 2009) 
£64,460 per 
QALY 

15 Ischaemic stroke rate in LAAO arm from PREVAIL (Holmes et al. 2014) 
£49,076 per 
QALY 

16 Aspirin stopped 6 months post-LAAO 
£42,064 per 
QALY 

17 LAAO removal procedure cost if failed at first follow-up 
£44,061 per 
QALY 

18 
Probability of LAAO success from PROTECT and PREVAIL (Holmes et al. 2009, 
Holmes et al. 2014) 

£42,477 per 
QALY 

19 
Probability of LAAO success, maximum reported from studies in clinical 
evidence section of EAR 

£42,019 per 
QALY 

20 CtE LAAO cost (Willits et al. 2019) 
£30,871 per 
QALY 

21 NICE ablation model health state costs 
£32,014 per 
QALY 

22 
All ischaemic stroke costs based on NHS Reference Costs, no difference 
between minor and major stroke. (NHS England 2021) 

£47,204 per 
QALY 
 

23 
Minor and major ischaemic stroke costs from NHS Reference Costs 
(weighted average of all strokes in decision tree only). (NHS England 2021) 

£47,290 per 
QALY 

24 
Alternative major stroke management cost from (NICE 2021) (totally 
disabling stroke) 

£40,414 per 
QALY 
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Scenario Modelled scenario Result 

25 Stroke management costs the came for major and minor stroke 
£39,839 per 
QALY 

26 
Alternative utility inputs for acute ischaemic stroke and post ischaemic 
stroke, based on (NICE 2021) anticoagulation model 

£50,863 per 
QALY 

27 
Alternative utility input for major bleeding based on (NICE 2021) 
anticoagulation model 

£42,356 per 
QALY 

28 Alternative utility inputs from (Labori et al. 2022) 
£36,825 per 
QALY 

29 Baseline % female: (Panikker et al. 2016) 
£41,178 per 
QALY 

30 Baseline % female: (Briosa et al. 2021) 
£42,779 per 
QALY 

31 Baseline age: Lowest mean age of included studies in (Labori et al. 2021) 
£14,071 per 
QALY 

32 Baseline age: Highest mean age of included studies in (Labori et al. 2021) 
£71,309 per 
QALY 

33 Baseline age: (Panikker et al. 2016) 
£37,943 per 
QALY 

34 
Combination of lower LAAO cost (from CtE (Willits et al. 2019)) and 
effectiveness assumption re. stroke severity 

£27,195 per 
QALY 

35 
Combination of lower LAAO cost (from CtE (Willits et al. 2019)), effectiveness 
assumption re. stroke severity and utility inputs from Labori et al 

£23,904 per 
QALY 

36 
Combination of lower LAAO cost (from CtE (Willits et al. 2019)), effectiveness 
assumption re. stroke severity, utility inputs from (Labori et al. 2022) and no 
LAAO adverse events 

£22,212 per 
QALY 

 

Net monetary benefit is calculated by multiplying the incremental QALYs by the threshold 
(£20,000 per QALY) and subtracting the incremental costs. Values below zero indicate that the 
intervention is not cost effective. The base case net monetary benefit is -£6,449. Figure 3 shows 
how each of the scenarios impact the base case net monetary benefit. This illustrates which 
assumptions might be most influential in the analysis. 

In a threshold analysis, we found that the pre-operative, peri-operative and post-operative costs 
of LAAO would need to be £9,039 for LAAO to be cost-effective compared with standard care. 

In a threshold analysis, we found that the annual risk of first ischaemic stroke in the standard 
care arm would need to be 7.32%  

In another threshold analysis, we found that baseline age would need to be 67 for LAAO to be cost 
effective compared with standard care. 
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 Probabilistic sensitivity analysis results 

Probabilistic sensitivity analysis (PSA) was conducted to assess the combined parameter 
uncertainty in the model. In this analysis, the mean values that were utilised in the base case are 
replaced with values drawn from distributions around the mean values. The results of 10,000 
runs of the PSA are shown using an ICER scatterplot and cost-effectiveness acceptability curve 
(CEAC). The ICER scatter plot shows the incremental costs and QALYs associated with each of the 
10,000 runs of the PSA along with the mean result. The CEAC graph shows the probability of each 
strategy being considered cost-effective at the various cost-effectiveness thresholds on the x 
axis. 

The ICER scatterplot in figure 4 shows that the results are distributed across the North East and 
South East quadrants. Most results are in the North East quadrant (LAAO more effective and more 
costly). The CEAC in figure 5 shows the probability of LAAO and standard care being cost-effective 
as the cost-effectiveness threshold increases. At a threshold of £20,000 per QALY, LAAO was found 
to have a 23% probability of being cost-effective.  

 

Figure 3: ICER scatterplot for analysis comparing LAAO with standard care 
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Figure 4: Cost-effectiveness acceptability curve for analysis of LAAO compared with standard 
care 

 

4. Discussion 

The two UK studies included in the review of existing health economic evidence had conflicting 
results. The CtE cost consequence analysis found that LAAO in addition to medical therapy was 
more costly than medical therapy alone, which is supported by our analysis. The UK cost analysis 
comparing LAAO with aspirin monotherapy found that LAAO was cheaper than aspirin and no 
treatment at 10 years follow up. 

The remaining three cost-utility analyses conducted in non-UK settings also had conflicting 
results. The Swedish cost-utility analysis found that LAAO was cost effective compared with no 
pharmacological antithrombotic treatment (no aspirin), while the other two cost-utility analyses 
reported that LAAO was dominant (cost saving and more effective) compared with aspirin or 
long-term apixaban, and dominant compared with aspirin alone.  

Some key differences between the HTW cost-utility analysis and the Swedish cost-utility analysis 
by Labori et al. (2022) are listed below: 

• Labori et al. (2022) compared LAAO with no pharmacological treatment (no aspirin) 
• Labori et al. (2022) applied an assumption (based on (Reddy et al. 2016)) that people in 

the LAAO arm have fewer severe strokes than those in the no treatment arm 
• Labori et al. (2022) has separate health states for mRS 3 and mRS 4 and 5.  
• The LAAO costs used in Labori et al. (2022) are lower than in the base case of the HTW cost-

utility analysis, and are more in line with the costs reported in CtE (Willits et al. 2019) 
• Labori et al. (2022) used different utility inputs, including a lower utility for dependent 

health states than the HTW cost-utility analysis. 
• Other differences in health state costs, mortality etc. 

When some of the above assumptions are incorporated into the HTW cost-utility analysis in 
combination, the ICER falls. For example, if we compare LAAO with no treatment, use the CtE 
(Willits et al. 2019) cost for LAAO, use utility inputs resembling those used in Labori et al. (2022) 
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and assume that strokes in the LAAO arm are less severe than those in the standard care arm, 
the ICER is £18,729 per QALY. 

 

 Limitations 

• The key uncertainty is the validity of using the predicted stroke rates from the CHA2DS2-
VASc tool for the medical therapy arm 

• No consideration of other outcomes e.g., transient ischaemic attack 
• No effect of LAAO on recurrent ischaemic stroke. If there is likely to be a benefit of LAAO on 

recurrent ischaemic stroke, this is not captured by the model 
• No effect of previous events on risk of subsequent events 
• Risk of stroke assumed to be constant over time 
• No differentiation in terms of costs or health effects between first and recurrent stroke 
• No-one in the model is assumed to receive oral anticoagulants. In the base case, everyone 

receives the same pharmacological treatment (aspirin), and discontinuation is not 
considered 

• No consideration of difference in risk of stroke between symptomatic and asymptomatic 
AF 

• No separate health states for haemorrhagic stroke or myocardial infarction (initial cost 
and disutility only). People who experience myocardial infarction in the decision tree 
receive 3 months of the acute disutility only, with no long-term health implications. 
People who experience haemorrhagic stroke in the decision tree receive 3 months of acute 
haemorrhagic stroke disutility, 3 months of post-haemorrhagic stroke disutility and then 
either the utility of mRS 1-2 or mRS 3-5, depending on the severity of the haemorrhagic 
stroke. Thereafter, they cannot be differentiated from those who have experienced 
ischaemic stroke. This was a simplifying assumption. 

• People who experience haemorrhagic stroke and myocardial infarction in the decision 
tree only receive the associated costs for one year, before entering the Markov model. 

• People with haemorrhagic stroke after LAAO are also at risk of experiencing ischaemic 
stroke at 6 months in the decision tree. People with haemorrhagic stroke and ischaemic 
stroke receive one year of management costs for haemorrhagic stroke, and six months of 
management for ischaemic stroke in the decision tree. This may overestimate costs, but 
is a simplifying assumption. 

• No long-term complications of LAAO 
• We did not include the costs of a short course of oral clopidogrel following LAAO, as it was 

unlikely to affect results. 
• We have not included any additional costs of stroke death. People who die following stroke 

incur only the costs of the stroke. 
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Appendix 5. Atrial Fibrillation Association patient submission 

Patient group submission form 

Health conditions and technology 

1. What is the health condition and how does it affect the day-to-day lives of patients, 
their families etc? 

AF is the most common arrhythmia (irregular heart rhythm disorder) which can cause AF-
related strokes, heart failure, dementia, depression and anxiety. Symptoms include 
palpitations, breathlessness, anxiety and heart pounding in the chest. 

2. How is the health condition currently diagnosed and what are the current/traditional 
treatments?  

AF can be diagnosed with a simple manual pulse check however if paroxysmal it may need 
an ECG to capture the irregular rhythm to confirm diagnosis. 

3. What are the challenges associated with current/traditional treatments and what 
does this mean for patients, their families, etc? 

People with AF are at high risk of a blood clot forming in the heart which can travel to the 
brain and cause an AF-related stroke. Anticoagulation medication is prescribed to reduce the 
risk of a clot forming however this does not treat the symptoms of AF.  To treat AF drugs, 
devices or ablation are usually prescribed and healthy diet, less alcohol and reduce weight 
also helps. 
Some people are unable to tolerate oral anticoagulation so are left at high risk of an AF-
related stroke. For them the only option is Left Atrial Appendage Occlusion (LAAO). 

4. What difference did/could the health technology make to the lives of patients and 
what outcomes matter most to patients, their families, etc? 

For many LAAO has been life saving. If they are unable to tolerate oral anticoagulation then 
they are at greater risk of an AF-related stroke.  LAAO reduces that risk and therefore saves 
them from the devastating effects of stroke leading to severe disabilities and/or death. 

5. Additional information you believe would be helpful for HTW to consider. 

For those unable to tolerate oral anticoagulation LAAO is the only option.  Many studies now 
consider LAAO to reduce risk of AF-related stroke and ablation treatment to prevent the 
symptoms of AF as optimal treatment outcomes. 
NICE in 2021 AF Guideline update recommended LAAO for those unable to tolerate oral 
anticoagulants as first line therapy for people with AF.  

6. Summarise the key points of your submission in up to 5 statements. 

People with AF are at high risk of suffering an AF-related stroke. 
AF-related strokes are known to be more disabling, devasting and lead to death. 
People with AF who are unable to tolerate oral anticoagulants to reduce their risk of an AF-
related stroke are left with no other options. 
Since the introduction of LAAO as an alternative to oral anticoagulation this has provided life-
saving treatment for people with AF who are at high risk of an AF-related stroke. 
LAAO should be available to the group of patients that qualify for this treatment and/or who 
do not wish to have to take drugs on a daily basis for the rest of their lives.  
LAAO can and does save lives for people with AF by greatly reducing the risk of a devastating 
AF-related stroke. 
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Appendix 6. The Stroke Association patient submission 

Patient group submission form 

Health conditions and technology 

1. What is the health condition and how does it affect the day-to-day lives of patients, 
their families, carers etc? 

When stroke strikes, part of your brain shuts down. And so does a part of you. That’s because 
a stroke happens in the brain, the control centre for who we are and what we can do. The 
impact varies depending on which part of the brain is affected. It could be anything from 
wiping out your speech and physical abilities, to affecting your emotions and personality.  
Lives change in an instant.  
Recovery is tough, but with the right specialist support and a ton of courage and 
determination, the brain can adapt after stroke. 
There are more than 70,000 stroke survivors living in Wales, with an estimated 7,400 strokes 
occurring each year. 
The effects of a stroke can vary from individual to individual, depending on where in the brain 
is affected. Common post-stroke affects can include: 

• Communication problems: Communication problems, such as aphasia, are very 
common after a stroke. Around one-third of stroke survivors have problems with 
speaking, reading, writing and understanding what other people say to them. 

• Physical changes: Nearly three-quarters of stroke survivors in the UK have leg 
weakness, and over three quarters have arm weakness. This can include one-sided 
weakness (hemiparesis) or one-sided paralysis (hemiplegia). Pain, fatigue and 
changes in sensation can also occur after a stroke. 

• Mental health issues are common following a stroke, with our research showing 76% 
of stroke survivors in Wales experiencing depression, anxiety, a lack of confidence, 
mood swings or even suicidal thoughts during their recovery from stroke. 

Atrial fibrillation (AF) is a common condition which can increase the risk of stroke five times.  
There are almost 80,000 people diagnosed with AF in Wales, and the British Heart Foundation 
suggest another third may not be aware they have the condition. 16% of stroke admissions in 
Wales are people who have AF.  
The problem is only going to get worse, with research indicating that the number of people 
aged 55 and over living with AF in the UK will more than double by 2060. 
AF related strokes are more severe and more likely to result in institutional care. Despite this, 
with the right medication the risk of an AF related stroke can be reduced by up to 66%. 

2. How is the health condition currently managed/treated?  

Anyone can have a stroke. But there are a lot of things people do to reduce their risk of stroke.  
If someone is diagnosed as having atrial fibrillation they may take anticoagulation 
medication to reduce the risk of an AF-related stroke. The risk of stroke can be reduced by 
two-thirds with anticoagulation medication. 27% of those with AF who are admitted to 
hospital for stroke in Wales are not on anticoagulants or antiplatelet medication. 5% are only 
on antiplatelet medication. 71% are on direct oral anticoagulants (DOACs). This is lower than 
England or Northern Ireland. 
AF patients may also try to make some lifestyle choices like reducing the amount of alcohol 
they drink, refrain from smoking and being physically active. 
53% of stroke survivors we surveyed in Wales told us that they are monitoring their blood 
pressure and 45% said they are reducing their stress levels to reduce their risk of a future 
stroke. (Prevention Day Survey 2022) 
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3. What are the challenges associated with current practice and what does this mean for 
patients, their families, carers  etc? 

We are not aware of any alternatives to anticoagulants or antiplatelet therapy being used in 
Wales at the moment.  
The result of this is that any individual unable to take these treatments could potentially be 
at a higher risk of a stroke. As previously mentioned, AF related strokes can be more 
disabling, leading to an increased risk of death or disability following a stroke. 
At present, LAOO is being used as an option for those unable to take anticoagulants in 
England and Scotland. However the treatment is currently unavailable to those in Wales who 
could benefit from it. 

4. What difference did/could the health technology make to the lives of patients and 
what outcomes matter most to them, their families, etc? 

LAAO is now available in England and Scotland and appears to be a relatively safe treatment 
with a low level of complications. The treatment has been commissioned in England since 
2018. 
In deciding to commission LAAO, NHS England concluded that research showed “long-term 
clinical and economic benefits when compared with aspirin”. NHS England also concluded 
that “The evidence review based on 14 registry/observational studies, suggests that LAAO in 
patients contraindicated to oral anticoagulants appears to be safe and effective.” 
This evidence suggests that LAAO has the potential to reduce the number of AF-related 
strokes in Wales and benefit those who are unable to take anti-coagulants.  
Reducing incidents of stroke will make a significant difference to individuals and families 
lives, given the life changing nature of stroke previously outlined in this document. 

5. Additional information you believe would be helpful for HTW to consider. 

The Covid-19 pandemic has had an impact on many different elements of our health services, 
and this includes AF detection and management. Evidence from Manchester suggests a fall 
in the diagnosis of circulatory conditions, including AF. The challenges of getting a GP 
appointment in some areas of Wales has also been well publicised. This may mean there are 
more people who may be unaware of their own AF, or that their medication has not been 
managed in the same way as prior to the pandemic. 
We believe decision makers should be prioritising improvements in all elements of stroke 
prevention, including AF. This should include the use of proven technologies, where 
appropriate, to help support the detection and self-management of AF and to mitigate 
against the continued obstacles to in-person AF detection and management. 
Detection, diagnosis and management of risk factors for stroke, including AF, is part of the 
new Welsh Government Quality Statement for Stroke published in September 2021. Welsh 
Government announced a new delivery plan to implement the Quality Statement, although no 
progress on this has been announced at present. Steps to address AF related stroke, 
including the potential use of LAAO, should be part of the new delivery plan.  

 

Regular check-ups with a GP, to monitor medication and blood pressure, as well as lifestyle 
changes to reduce risk factors for stroke, are also beneficial in reducing the further risk of 
stroke.  
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