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Abstract

OBJECTIVES: Most strokes associated with atrial fibrillation (AF) result from left atrial appendage thrombi. Oral anticoagulation can reduce stroke
risk but is limited by complication risk and non-compliance. Left atrial appendage exclusion (LAAE) is a new surgical option to reduce stroke risk
in AF. The study objective was to evaluate the safety and feasibility of standalone thoracoscopic LAAE in high stroke risk AF patients.

METHODS: This was a retrospective, multicentre study of high stroke risk AF patients who had oral anticoagulation contraindications and
were not candidates for ablation nor other cardiac surgery. Standalone thoracoscopic LAAE was performed using 3 unilateral ports access
and epicardial clip. Periprocedural adverse events, long-term observational clinical outcomes and stroke rate were evaluated.
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RESULTS: Procedural success was 99.4% (174/175 patients). Pleural effusion occurred in 4 (2.3%) patients; other periprocedural compli-
cations were <1% each. One perioperative haemorrhagic stroke occurred (0.6%). No phrenic nerve palsy or cardiac tamponade oc-
curred. Predicted annual ischaemic stroke rate of 4.8/100 patient-years (based on median CHA2DS2-VASc score of 4.0) was significantly
higher than stroke risk observed in follow-up after LAAE. No ischaemic strokes occurred (median follow-up: 12.5 months), resulting in
observed rate of 0 (95% CI 0–2.0)/100 patient-years (P < 0.001 versus predicted). Six all-cause (non-device-related) deaths occurred dur-
ing follow-up.

CONCLUSIONS: Study proved that a new surgical option, standalone thoracoscopic LAAE, is feasible and safe. With this method, long-
term stroke rate may be reduced compared to predicted for high-risk AF population.
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ABBREVIATIONS

AF Atrial fibrillation
IQR Interquartile range
LAA Left atrial appendage
LAAE Left atrial appendage exclusion
LAAO Left atrial appendage occlusion
OAC Oral anticoagulation
TEE Transoesophageal echocardiography

INTRODUCTION

Atrial fibrillation (AF) remains a significant cause of morbidity
and mortality worldwide and is associated with increased
thromboembolic stroke risk [1, 2]. The major origin of throm-
bus formation in patients with AF is the left atrial appendage
(LAA) [3]. Prophylactic oral anticoagulation (OAC) remains a
class I indication for thromboembolism in AF patients [4].
However, anticoagulation effectiveness is limited by therapy
discontinuation due to bleeding complications, patients’ non-
compliance and present contraindications. Mechanical LAA
occlusion (LAAO) has recently emerged for this patient popu-
lation who often had no other option. In such cases, recent
guidelines recommend LAAO [4, 5]. Several transcatheter and
surgical devices are either approved for LAA management or
being studied in clinical trials [6–9]. Long-term efficacy of
standalone surgical LAA exclusion (LAAE) has not been evalu-
ated. Surgical epicardial exclusion using an LAAE clip (AtriClip
LAA Exclusion Device, AtriCure, Mason, OH, USA) has demon-
strated exceptional safety and highly durable exclusion rates
[10]. The LAAE clip is mostly used concomitantly with cardiac
surgical procedures including open chest and thoracoscopic.
There are emerging data analysing the safety and efficacy, in-
cluding stroke prevention, of LAAE in a standalone thoraco-
scopic procedure [11–13]. We previously reported early
single-centre data on 4 patients who had standalone thoraco-
scopic LAAE [14]. The study aim was to assess feasibility, safety
and long-term outcomes of thoracoscopic standalone LAAE in
a large population of nonvalvular AF patients with a retrospec-
tive analysis of 3 centres.

PATIENTS AND METHODS

Ethical statement

This retrospective study was deemed exempt by local ethics
committees; thus, patient consent was waived.

Study population

The study included patients with non-valvular AF who underwent
isolated thoracoscopic LAAE at 3 US and European centres. All
patients who had the procedure during the specified time period
at each centre (BRRH: January 2015–April 2018; MIW: July 2016–
November 2018; CCHMI: June 2016–March 2019) were included.
Thoracoscopic standalone LAAE was offered for the prevention
of AF-induced thromboembolism for patients with high risk of
bleeding, those who had had thromboembolic events even on
OAC or those with intolerance, and low chance for successful AF
ablation due to advanced age, left atrial enlargement or AF dura-
tion. If AF was expected to be responsive to ablation, patients
underwent thoracoscopic ablation with LAAE and were not
included in the study. There were several common contraindica-
tions for standalone LAAE across all study sites: history of left-
sided pleural cavity surgery or severe disease like left lung cancer.
Presence of a thrombus in the LAA confirmed in transoesopha-
geal echocardiography (TEE) a day before surgery was a contrain-
dication. We considered redo cardiac surgery a relative
contraindication for the procedure because for an individual pa-
tient it is possible that risks or complications with OAC and leav-
ing the LAA open could be greater than the standalone LAAE
procedure after prior cardiac surgery and potential adhesions.
Other anatomical features that would preclude the thoracoscopic
approach were also considered. The decision for standalone
LAAE involved internists, clinical cardiologists, electrophysiolo-
gists and cardiac surgeons (Atrial Fibrillation Heart Team).

Surgical procedure

The surgical procedure involved totally thoracoscopic epicardial
placement of the LAAE clip at the LAA base. The clip is a rectan-
gular, self-closing epicardial LAAE device constructed with 2 ni-
tinol springs joined with 2 titanium members covered with a
knit-braided polyester fabric and attached to a dedicated guid-
ing system. The parallel compression planes symmetrically exert
a pressure with effect verified by both preclinical and clinical
data [15–17].

Prior to the day of surgery, patients underwent TEE to exclude
LAA thrombus. The totally thoracoscopic standalone LAAE proce-
dure has been previously described [14] and was performed off-
pump. Patients were extubated at the operating room or the
intensive care unit directly after transfer from the operating
room. Chest drainage was removed during the first 24 h after sur-
gery and patients were transferred to general ward or discharged.
Post-procedure, chest X-ray was performed to ensure the lack of
pneumothorax.
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Study end points

Perioperative outcomes. Perioperative safety end points in-
cluded freedom from procedure-related mortality, conversion to
sternotomy, bleeding requiring reoperation, stroke or transient
ischaemic attack (TIA), phrenic nerve palsy or cardiac tampo-
nade. Acute procedural effectiveness was determined by the
completeness of LAAE assessed with intraoperative TEE.
Echocardiographic criteria of successful LAAE were the absence
of blood flow in LAA and LAA remnant stump <10 mm.
Procedure duration and need for blood transfusions were also
recorded.

Long-term clinical outcomes. All attempts were made to
bring patients for in-person follow-up visit. Patients unable to
come for an office visit were contacted by phone. Long-term
clinical outcomes included freedom from device/procedure-
related mortality, thromboembolic events, major bleeding (de-
fined as requiring hospitalization or blood product transfusion)
or recurrent minor bleeding and any intervention as a result of
the primary procedure. TEE or CT to confirm LAAE post-
procedurally was performed on a subset of patients per physi-
cians’ discretion. According to patient and physician choice,
follow-up CT or TEE for LAAE durability was planned however
not obligatory due to tests’ inconvenience.

Statistical analysis

Categorical variables are reported as n/N and percentage, with
95% exact binomial confidence interval as indicated. Continuous
variables are reported as median [interquartile range (IQR)] due
to non-normality of data. For all variables, only patients with
data were included; missing data were not imputed. For the con-
fidence interval of observed stroke rate in patients with follow-
up available, a 95% exact Poisson confidence interval was used. If
the specific day of last follow-up was unknown, follow-up was
considered to the first day of the month. SAS 9.4 (SAS Institute
Inc.) was used.

RESULTS

Clinical characteristics of patient population

There were 175 patients included in the study. The most com-
mon indications for standalone LAAE were history of bleeding on
OAC (67/173; 38.7%), lifestyle factors (including frailty, non-
compliance and fall risk, 86/173; 49.7%), prior thromboembolism
despite OAC (7/173, 4.0%) and OAC intolerance (5/173, 2.9%).
Other specific indications were dialysis fistula (1/173; 0.6%), dis-
qualification from percutaneous LAAO (3/173; 1.8%), meningi-
oma requiring immediate OAC withdrawal (1/173, 0.6%), prior/
recurring thromboembolism (7/173; 4.0%) and recurrent throm-
bus in the LAA despite OAC (4/173; 2.7%). Detailed patient char-
acteristics are shown in Table 1. The median CHA2DS2-VASc
score was 4.0 [IQR 3.0, 5.0]. The median HAS-BLED score was 4.0
[IQR 3.0, 5.0]. Forty-seven percentage (83/175) had long-standing
persistent AF, 9.1% (16/175) had persistent AF and 43% (76/175)
had paroxysmal AF. Twenty-six percentage (43/165) had prior
stroke, TIA and/or thromboembolism and 77.7% (136/175) had a

history of or predisposition to major bleeding. Prior to LAAE,
62% (108/174) were on OAC.

Perioperative period outcomes

Complete LAAE was achieved intraoperatively in 174 of 175
(99.4%) patients (Fig. 1), with 1 residual stump of 10 mm. The me-
dian skin-to-skin procedural duration was 38 [IQR: 22.0–60.0]
min (N = 169). In 174 (99.4%) patients, the procedure was totally
thoracoscopic. There were no periprocedural complications in
92% (159/173) of patients (Table 2). One patient (0.6%) required
conversion to sternotomy due to LAA bleeding. One patient with
severe pleural adhesions from a previous cardiac surgery experi-
enced bleeding from apex of the lung; mini-thoracotomy was
performed to address this. Four patients (2.3%) had pleural effu-
sions treated with thoracentesis and resolved; no chest tubes
were required in these cases. No patients required a blood trans-
fusion. No significant device-related perioperative bleeding,
phrenic nerve palsy or cardiac tamponade were observed. One
patient (0.6%) with a history of previous ischaemic and haemor-
rhagic strokes experienced a haemorrhagic stroke 3 days after
the LAAE procedure. After discharge, 1 patient received an exces-
sive dose of unfractionated heparin and developed a pulmonary
haematoma, confirmed by exploratory thoracotomy.

OAC was stopped in 90.3% (158/175) at discharge (Table 3).
Post-LAAE, vitamin K antagonists or direct OAC were administered
in 17 (10%) patients, while low molecular weight heparin was ad-
ministered in 5 (3%) patients (Table 3 and Fig. 2). All 17 patients
discharged with OAC were taking OAC prior to LAAE, and 3 out of

Table 1: Baseline characteristics

Characteristic Median [IQR]a or
n/N (%)

Age
<_64 22/175 (12.6)
65–74 59/175 (33.7)
>_75 94/175 (53.7)

Gender
Male 89/175 (50.9)
Female 86/175 (49.1)

CHA2DS2-VASc 4.0 [3.0, 5.0]; N = 172
<_1 11/172 (6.4)
2–3 58/172 (33.7)
>_4 103/172 (59.9)

HAS-BLED 4.0 [3.0, 5.0], N = 172
<3 46/172 (26.7)
>_3 126/172 (73.3)

AF
Long standing persistent 83/175 (47.4)
Paroxysmal 76/175 (43.4)
Persistent 16/175 (9.1)

History of hypertension 148/173 (85.5)
History of congestive heart failure 30/173 (17.3)
History of diabetes 33/173 (19.1)
Prior stroke/TIA or thromboembolism 43/165 (26.1)
Prior bleeding 136/175 (77.7)
History of vascular disease 50/173 (28.9)
History of renal disease 33/173 (19.1)

AF: atrial fibrillation; IQR: interquartile range; TIA: transient ischaemic
attack.
aMedian and interquartile range (IQR) reported due to non-normality of
data.
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the 5 patients discharged with low molecular weight heparin were
taking it prior to LAAE. Fifty-seven percentage (98/171) of patients
were discharged without anti-platelet therapy, with the remaining
41% (70/171) discharged on single antiplatelet therapy and 2% (3/
171) on dual antiplatelet therapy.

Long-term clinical outcomes

Follow-up was available for 165/175 (92%) patients (median
12.5 [IQR 5.9, 17.1] months). There were 6 all-cause deaths
(3.6%; 95% CI 1.3%, 7.8%) but no device related or procedure
related (0%; 95% CI 0%, 2.2%). In patients with successful LAAE,
no ischaemic strokes occurred during follow-up. Based on the
CHA2DS2-VASc score (median 4.0 [IQR 3.0, 5.0]), predicted
ischaemic stroke rate for this population was 4.8/100 patient-
years [18, 19]. The actual stroke rate (95% CI 0–2.0/100
patient-years) was significantly reduced from predicted level
(P < 0.001 by Poisson exact test, Fig. 3). During follow-up, no
major bleeding was reported.

Verification of durability of LAAE

At registry closing, 36 (21%) patients received a computed to-
mography (CT) or TEE (Fig. 4). The median time from index pro-
cedure to follow-up imaging was 9.7 [IQR 4.6, 19.9] months. No
LAA leaks were detected. Two patients (5.6%) had residual LAA
stumps of 10 mm; however, device migration had not occurred.
No intracardiac thrombi in the area of occluder were reported
(0%; 95% CI 0, 9.7%).

Figure 1: Postoperative left atrial appendage exclusion. (A) Representative transoesophageal echocardiograms before (intraoperative, left panel) and after (immediate
post-procedure, right panel) clip deployment. (B) Three-dimensional reconstructions from representative transoesophageal echocardiograms before and after clip de-
ployment, showing complete left atrial appendage exclusion immediately post-procedure. Red and white arrows indicate the open and excluded left atrial appendage,
respectively.

Table 2: Procedural complications

Complication n/N (%)

Acute heart failure 1/173 (0.6)
Bleeding from pre-existing pleural adhesionsa 1/173 (0.6)
Chest revisionb 1/173 (0.6)
Conversion to sternotomy 1/173 (0.6)
Haematuria 1/173 (0.6)
Haemorraghic stroke 1/173 (0.6)
Ileus 1/173 (0.6)
Other bleeding complication 1/173 (0.6)
Pleural effusion 4/173 (2.3)
Pneumonia 1/173 (0.6)
Pneumothorax 1/173 (0.6)
aMinithoracotomy was performed to address bleeding from existing pleu-
ral adhesion from previous cardiac surgery.
bPatient received excessive dose of unfractionated heparin and had an ex-
ploratory thoracotomy that confirmed pulmonary haematoma.
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DISCUSSION

Clinical relevance

Typically, 2 major complications are reported in AF patients
treated with OAC: (i) inadequate level of anticoagulation leading
to increased stroke risk and (ii) occurrence of major bleeding that
necessitates OAC discontinuation. Complications on chronic
OAC and risks associated with discontinuation have been
reported. A real-world study revealed that �30% of patients with
nonvalvular AF discontinued OAC in first 2 years after therapy
admission [20]. The FibStroke study showed significant underuse

of anticoagulants in patients with previously diagnosed AF suffer-
ing from stroke [21]. In that cohort, only 55.1% of high-risk AF
patients (CHA2DS2-Vasc >_2) were on OAC prior to stroke.
Primary reasons for discontinuing anticoagulation were bleeding
(13%) and infrequent AF paroxysms (14%). A US MarketScan
analysis (12 129 patients) revealed over a mean duration of
120 days, up to 47% AF patients independently discontinued
anticoagulation therapy, as documented by no OAC prescription
claims >_60 days after prior prescription expiration [22]. Patients
with bleeding were significantly more likely to discontinue OAC.
There is an unmet need for a reliable therapeutic option to re-
duce stroke risk in high-risk AF patients.

Table 3: Pre- and post-implant (at discharge) medication use

Parameter n/N (%) Exact 95% confidence interval

Pre-implant medications
Freedom from OAC 66/174 (37.9) (30.7%, 45.6%)
Freedom from LMW heparin 168/174 (96.6) (92.6%, 98.7%)
Freedom from anticoagulation (OAC or LMW heparin) 60/174 (34.5) (27.5%, 42.1%)

Post-implant (at discharge) medications
Freedom from OAC use post-implant 158/175 (90.3) (84.9%, 94.2%)
Freedom from LMW heparin use post-implant 168/173 (97.1) (93.4%, 99.1%)
Freedom from anticoagulation (OAC or LMW heparin) use post-implant 151/173 (87.3) (81.4%, 91.9%)
Freedom from antiplatelet use post-implant 98/171 (57.3) (49.5%, 64.8%)

Single antiplatelet use 70/171 (40.9) (33.5%, 48.7%)
Dual antiplatelet use 3/171 (1.8) (0.4%, 5.0%)

LMW: low molecular weight; OAC: oral anticoagulation.

Figure 2: Medication use at discharge after left atrial appendage clip exclusion. Left panel: post-implant use of oral anticoagulation (direct oral anticoagulation or war-
farin) at discharge (green), low molecular weight heparin (purple) or none (grey). Right panel: post-implant use of single antiplatelet therapy (blue), dual antiplatelet
therapy (yellow) or none (grey).
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Current role of mechanical devices for stroke
prevention in non-valvular AF

Because most thrombi causing strokes in AF patients arise in the
LAA, it is occluded in an effort to mitigate stroke risk. Currently, 2
LAAO devices are approved in the USA and/or Europe for throm-
boembolic prevention [8, 9]. However, potential concerns with
transcatheter LAAO include observed acute complication rates,
need for bridging anticoagulation, mid- and long-term leaks or
device-related thromboembolism [23].

Favourable long-term safety, efficacy and durability have been
reported for the LAAE clip when implanted during concomitant
open heart surgical or thoracoscopic ablation procedures [10].
Standalone thoracoscopic LAAE clip represents a new therapeutic
solution that combines the efficacy of epicardial LAAE through a
minimally invasive method. Standalone LAAE is primarily suited
for selected patients who are unable to receive OAC and are dis-
qualified from transcatheter LAAO, including patients with a high
bleeding risk (usually intermittent) requiring immediate cessation
of anticoagulants due to clinical status [12–14, 24]. In contrast
with percutaneous devices, epithelialization of the external LAA
clip is not required; thus, bridging anticoagulation is not manda-
tory. Individuals whose LAA anatomy is not suitable for trans-
catheter LAAO may also benefit from thoracoscopic epicardial
clipping. Some patients in this cohort were referred for thoraco-
scopic procedure due to disqualification from transcatheter
LAAO for these reasons.

LAAE is a safe and effective therapy for stroke
reduction in non-valvular AF

Our results demonstrated the feasibility and safety of standalone
totally thoracoscopic LAAE. Complete intraoperative LAAE was
obtained in all but 1 patient who had a 10-mm residual stump.
We hypothesize that the high acute efficacy of LAAE is due to the
ease of optimizing device placement by reopening and reposi-
tioning it until proper seating is obtained. As such, a close collab-
oration between surgeon and echocardiographer is critical. In 36
patients who had follow-up LAA imaging (median 9.7 months
from index procedure), 94.4% of LAAs did not have residual

stumps, 100% were leak free and no device migration was ob-
served. There are currently no standard methods of measuring
the LAA stump, so the 2 residual stumps observed during follow-
up were likely due to variations with measurements made on
intraprocedural and follow-up imaging, as previously discussed
[25]. In these 2 patients, the difference between intraoperative
and follow-up remnant stump length measurement crossed the
arbitrarily adopted 10 mm cut-off. It is highly probable that this
resulted from different techniques of echocardiographic calcula-
tions of remnant stump, which has not been standardized yet. It
should be underscored that the 10-mm borderline for remnant
stump is used as intraoperative end point but has never been
found as clinically relevant risk factor. Thus, the usage of second
parameter, which is blood flow in LAA, is crucial. Other studies
have confirmed a lack of clip migration using follow-up imaging
[12, 26]. Previously published data on 43 patients with LAA clip
implanted during concomitant open heart surgery demonstrated
complete LAAE with no blood flow and only one residual stump
>10 mm at a mean 7.1 (0.8) years post-procedure [25]. Because of
reported LAAE durability, strict imaging follow-up to verify con-
tinued exclusion is not necessitated in routine clinical practice.

Although transcatheter LAAO and thoracoscopic LAAE have
not been compared in a randomized study, our data suggest that
totally thoracoscopic LAAE may potentially be considered a safe
alternative to transcatheter LAAO. Many perioperative adverse
events associated with transcatheter LAAO devices were absent
with LAAE. No device-related thrombi were observed with LAAE.
Due to visualization to rule out bleeding and pericardial incision,
thoracoscopic LAAE has a low risk of cardiac tamponade. Other
advantages include an off-pump and short (median 38 min) pro-
cedure, requiring short general anaesthesia with mechanical ven-
tilation. Tissue puncture is not required, keeping periprocedural
bleeding risk low. The device can be repositioned before final de-
ployment and is generally associated with a lower risk of bleed-
ing and residual pouch than surgical excision. Fluoroscopy, atrial
septal puncture (left to right residual shunting) or intravascular
contrast (thus suitable for renal failure patients) are not required.
Pericardial sac incision during epicardial access prevents high
intrapericardial pressure formation by allowing communication
with the left pleural cavity. Lastly, surgical epicardial LAAE has the
benefit of electrically isolating the LAA [27], a favourable finding
for positive antiarrhythmic effect [28].

This study evaluated the stroke rate in treated patients. One
patient had a haemorrhagic stroke 3 days postoperatively. This
patient had a previous haemorrhagic stroke 2 years prior to
LAAE and the periprocedural stroke occurred in the same loca-
tion; a previous ischaemic stroke was noted 6 years prior to
LAAE. The median CHA2DS2-VASc score of the study population
was 4.0 [IQR 3.0, 5.0], corresponding to an expected annual
stroke rate of 4.8% [18, 19]. However, with the median follow-up
of 12.5 months in this study population, the effective ischaemic
stroke rate was 0%, suggesting that LAAE may have reduced the
risk of stroke in this population. Six all-cause deaths occurred
during follow-up; however, no procedural- or device-related
deaths occurred. All-cause deaths were due to pre-existing blad-
der tumour, resulting in kidney failure, urosepsis and death; myo-
cardial infarction; respiratory failure 2 years after the procedure
in a patient who developed pneumonia and had pre-existing
end-stage renal disease; and 2 age-related deaths, one of whom
had other comorbidities leading to sepsis.

With transcatheter LAAO devices, OAC is typically taken for at
least 45 days. In this study with LAAE, 151 out of 173 patients

Figure 3: Actual stroke rate with left atrial appendage clip exclusion compared
to prognosis. The bar chart depicts the predicted stroke rate per 100-patient
years based on CHA2DS2-VASc score compared to actual stroke rate during the
study period (with 95% CI). P-value reflects Poisson exact test.
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(87%) were able to discontinue anticoagulation therapy post-
procedure. While 38% of patients were free from OAC pre-
procedure, 90.3% of patients were free from OAC at discharge.
This ability to safely discontinue OAC represents a benefit of epi-
cardial LAAE compared to endocardial LAAO. While we found
this procedure particularly effective in the subgroup of patients
suffering from bleeding on anticoagulation, it is reasonable to
continue anticoagulation post-implant according to HRS/ESC
guidelines for patients who can tolerate OAC [4, 5]. LAAOS III
results suggested that surgical LAAO may have an additive effect
to OAC for stroke prevention [29]. In our study, there were no
cases in which anticoagulation was reinitiated due to LAA throm-
bus or persistent LAA communication with the left atrium. One
reason for remaining on OAC at discharge was prior stroke his-
tory, but some patients were able to reduce dosage after LAAE.
Overall, individual risk–benefit of OAC continuation versus dis-
continuation was evaluated by the physician for each patient
with consideration to guideline recommendations.

Limitations

Limitations associated with thoracoscopic intervention include the
need for short induction and intubation. Individual risk factors
should be considered. Patients with severely lowered lung func-
tion, previous cardiac surgery or surgery with left pleural cavity
opening should be assessed individually and treated at experi-
enced centres only. One study design limitation was that patients
who were unable to return for in-person clinical visits self-
reported their outcomes. Minor strokes, TIAs and thromboembolic

events could have been underreported. However, patient-
reported outcomes were confirmed by medical chart review. This
was a retrospective observational study without a control arm;
therefore, stroke rate was compared to the risk factor-predicted
rate. Anti-platelet and OAC use at discharge were reported; long-
term discontinuation was not confirmed, thus limiting assessment
of OAC impact on long-term stroke risk. An expected study limita-
tion was that the standalone LAA procedure is new and not yet
standardized. Participating centres used their own standards for
qualification, anticoagulation and follow-up. However, these varia-
tions were unlikely to detract from demonstrating procedural fea-
sibility and safety.

CONCLUSION

Standalone totally thoracoscopic LAAE is feasible, safe and dura-
ble option for AF patients with contraindications/intolerance for
routine OAC. AF-related thromboembolism risk including stroke
may be potentially reduced with this new method.
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Figure 4: Durability of left atrial appendage exclusion. Representative follow-up transoesophageal echocardiograms from 2 patients (A and B) with continued exclu-
sion at least 6 months from index procedure. Left panels are pre-left atrial appendage exclusion; right panels are follow-up transoesophageal echocardiograms. AV:
aortic valve; LA: left atrium; LV: left ventricle.
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