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ABSTRACT

Introduction Atrial fibrillation (AF) is a prevalent disease
considerably contributing to the worldwide cardiovascular
burden. For patients at high thromboembolic risk
(CHA,DS,-VASc >3) and not suitable for chronic oral
anticoagulation, owing to history of major bleeding or
other contraindications, left atrial appendage occlusion
(LAAQ) is indicated for stroke prevention, as it lowers
patient’s ischaemic burden without augmentation in their
anticoagulation profile.

Methods and analysis Stand-Alone Left Atrial appendage
occlusion for throMboembolism prevention in nonvalvular
Atrial fibrillatioN DiseasE Registry (SALAMANDER) will

be conducted in 10 heart surgery and cardiology centres
across Poland to assess the outcomes of LAAO performed
by fully thoracoscopic-epicardial, percutaneous-
endocardial or hybrid endo-epicardial approach. The
registry will include patients with nonvalvular AF at a

high risk of thromboembolic and bleeding complications
(CHA2DS2-VASc Score >2 for males, >3 for females,
HASBLED score >2) referred for LAAO. The first primary
outcome is composite procedure-related complications,
all-cause death or major bleeding at 12 months. The
second primary outcome is a composite of ischaemic
stroke or systemic embolism at 12 months. The third
primary outcome is the device-specific success assessed
by an independent core laboratory at 3—6 weeks. The
quality of life (QoL) will be assessed as well based on

the QoL EQ-5D-5L questionnaire. Medication and drug
adherence will be assessed as well.

Ethics and dissemination Before enrolment, a detailed
explanation is provided by the investigator and patients
are given time to make an informed decision. The patient’s
data will be protected according to the requirements of

STRENGTHS AND LIMITATIONS OF THIS STUDY

= Interventions will be performed at highly experi-
enced centres.

= Detailed background patient information will be
gathered along with clinically valid efficacy and
safety endpoints (including the quality of life post-
procedure) of all three currently most common left
atrial appendage occlusion technologies.

= Due to a non-randomised nature of the study, the
selection bias might influence its results.

= Limited ethnical variety will be present due to pre-

dominant Caucasian population in Poland.

Polish law, General Data Protection Regulation (GDPR) and
hospital Standard Operating Procedures. The study will be
conducted in accordance with the Declaration of Helsinki.
Ethical approval was granted by the local Bioethics
Committee of the Upper-Silesian Medical Centre of the
Silesian Medical University in Katowice (decision number
KNW/0022/KB/284/19). The results will be published in
peer-reviewed journals and presented during national and
international conferences.

Trial registration number NCT05144958.

INTRODUCTION
Atrial fibrillation (AF) is the most common
clinically relevant arrhythmia, which is

strongly associated with increased stroke
incidence. The majority of thrombotic
material develops within the left atrial
appendage (LAA) subsequently leading to
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Figure 1

Fully thoracoscopic-epicardial AtriClip device
(AtriCure, Mason, OH, USA).

cerebrovascular ischaemic events.! Numerous advance-
ments have been implemented in the AF management
over recent years.”" Risk stratification and adequate
tailoring of antithrombotic therapies were achieved with
the introduction of clinical risk scores (Congestive heart
failure, Hypertension, Age >75, Diabetes, Stroke, Vascular
disease, Age 65-74 and Sex category (female) (CHA,DS,-
VASc) and Hypertension, Abnormal renal/liver function,
Stroke, Bleeding history, Labile international normalised
ratio, Elderly, Drugs (HASBLED)). Oral anticoagulation
(OAC) remains the standard of care of patients with
AF and current guidelines recommend such therapy
when CHA,DS-VASc exceeds 1,*% with recent reports
suggesting that approximately 80% of patients with AF in
Europe and 55% of patients with AF in North America
use oral anticoagulants.”® While non-vitamin K antagonist
oral anticoagulants (NOAGs) increased safety and efficacy
of the antithrombotic therapies, allowing for stable anti-
coagulation level within therapeutic range, some patients

are not feasible for pharmacological management. For
patients in whom OAC is not recommended, surgical
exclusion of the LAA has been performed by cardiotho-
racic surgeons for decades, with recent publications indi-
cating that left atrial appendage occlusion (LAAO) might
not be inferior to OAC.” ' The alternative technique to
open epicardial LAAO are fully thoracoscopic-epicardial,
percutaneous-endocardial or hybrid endo-epicardial
approach. Prospective randomised studies comparing the
rate of ischaemic stroke with or without left appendage
exclusion are currently lacking or limited."" Evidence
from randomised controlled trials (RCTs) has shown that
less invasive, percutaneous LAAO is a feasible alternative
to surgical procedure; however, a residual jet still occurs in
2-8% of patients.'”” ¥ Stand-Alone Left Atrial appendage
occlusion for throMboembolism prevention in nonval-
vular Atrial Fibrillation DiseasE Registry (SALAMANDER)
aims to assess the durability of LAAO when performed via
fully thoracoscopic-epicardial, percutaneous-endocardial
or hybrid endo-epicardial access and collect information
on efficacy and safety of different procedures.

Primary and secondary hypotheses

The primary hypothesis assumes that successful LAAO
device deployment reduces the risk of stroke (ischaemic,
haemorrhagic, total) and its complications. Secondary
analyses will test the impact of between-device differences
on prespecified clinical endpoints.

METHODS

The SALAMANDER registry is a prospective, multicentre,
observational registry, which will be conducted in 10 high-
volume centres (online supplemental material). Patients
will be fully informed prior to the study inclusion and
informed consent will be obtained. We used the SPIRIT
checklist when writing our report.'* The study conduc-
tion is planned from March 2019 until March 2025.

Intervention

Patients will be prospectively divided into three cohorts:
thoracoscopic-epicardial, percutaneous-endocardial or
hybrid endo-epicardial. Fully thoracoscopic-epicardial
LAAO uses AtriClip of all generations (figure 1) (Atri-
Cure, Mason, OH, USA); endocardial devices include
Watchman FLX (Boston Scientific, Natick, MA) (figure 2)
or Amulet (Abbott, Plymouth, MN, USA) (figure 3); for
hybrid endo-epicardial procedures, LARIAT (Sentre-
Heart, Redwood City, CA, USA) will be used (figure 4).

Study population

Patients will be enrolled to the study if they meet following
inclusion criteria: (1) age =18 years; (2) diagnosis of
paroxysmal, persistent or permanent nonvalvular AF; (3)
high risk of thromboembolic complications—CHA,DS,-
VASc Score 22 for males and CHA,DS-VASc Score >3
for females; (4) HASBLED score of >2; (5) contraindica-
tions to oral anticoagulation; (6) adherence to the study
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Figure 2 Endocardial Watchman FLX device (Boston
Scientific, Natick, MA) (from https://www.bostonscientific.
com/en-EU/products/laac-system/watchman-flx.html).

protocol. Patients refusing to participate in the registry
will be excluded from the study.

Patients will be consecutively and continuously
recruited at each site to ensure a representative inclusion
of the population. Enrolment has begun 1 March 2019.
Study flow chart is shown in figure 5.

Device and surgical technique

The device for surgical totally thoracoscopic left atrial
appendage occlusion AtriClip Gillinov-Cosgrove (AtriClip,
AtriCure, Dayton, OH, USA) consists of an automatically
closing clip placed in a deployment loop on a disposable

Figure 3 Endocardial Amplatzer left atrial appendage
occluder amulet (Abbott, Plymouth, MN, USA).

Figure 4 Hybrid endo-epicardial LARIAT device
(SentreHeart, Redwood City, CA, USA) (from http://
sentreheart.com/wp-content/uploads/SH_CATALOG_PRM-
0006-Rev-E.pdf).

holder with head articulation of 60 degrees side-to-side
and up/down (figure 1A-C). The several novel features
of the system in comparison with previous ones, such as
its length, manoeuvrability and releasing system, enable it
to be used in a totally thoracoscopic fashion. The AtriClip
PRO (figure 1B—C) has parallel titanium crossbars that
equalise the force over the tissue trabeculations of the
LAA during deployment, ensuring a sealed line at the base
of the LAA orifice, as confirmed in preclinical and clin-
ical studies.” The patient is placed in the supine position
and intubated under general anaesthesia with a double
lumen intratracheal tube. Trans-oesophageal echocardi-
ography (TOE) probe is introduced. Single right lung
ventilation is started. Subsequently, three thoracoscopic
ports are placed—one through the fourth intercostal
space in the anterior axillary line (for the endoscopic
camera), and two through the third and sixth intercostal
spaces at the midaxillary line into the left pleura (working
ports). Working space is created with CO, insufflation.
Pericardiectomy is performed parallel to the phrenic
nerve to visualise the LAA. Stay sutures are placed on the
lower edge of the pericardium for better access to the
LAA. The diameter of the base of the LAA is measured
with a dedicated selection guide. The AtriClip device is
introduced through the incision in the sixth intercostal
space enlarged to 2-3cm. Under TOE control, AtriClip
is deployed at the base of the LAA with special care in
order not to leave any residual stump. The possibility of
repeated opening of the clip before the final deployment
enables correction of its position if the intraoperative
echocardiography showed incomplete LAA closure or an
LAA remnant. Full LAA exclusion is then confirmed with
TOE visualisation. The skin-to-skin procedural time takes
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Recruitment March 1st 2019 onward

Baseline characteristics
Patient demographics, medical history, clinical examination

Stroke and bleeding risk assessment
CHA2DS,-VASc Score
HASBLED Score

CT or TTE to determine LAA anatomy

:

LAAO

In-hospital course

30-day clinical follow-up

3-6 week TOE follow-up

1,2, 3,4 and 5 year’s annual follow up for clinical outcomes:

Figure 5 Study flow chart. CT, computed tomography; LAA,
left atrial appendage; LAAO, left atrial appendage occlusion;
MACCE, major adverse cardiac and cerebrovascular

event; MI, myocardial infarction; TOE, trans-oesophageal
echocardiography; TTE, transthoracic echocardiography.

on average 40, minimum 20min. The operative details
and results of a pilot study have been described before.'’

The Watchman FLX device (figure 2) has a self-
expanding nitinol frame structure with fixation anchors
and a permeable polyester fabric cover facing the LAA.
The Watchman FLX device is available in five sizes (20,
24, 27, 31 and 35mm) for ostia measuring from 15
mm to 32mm. The Watchman FLX is preloaded in the
delivery system (one size 14 Fr outer diameter access
sheath compatible with any FLX device). It comes in two
curve configurations—single and double—for different
LAA orientation. The device is implanted with use of a
catheter-based delivery system via a transseptal approach
under fluoroscopy, with positioning in the LAA under the
guidance of TOE.

The Amplatzer Amulet device (figure 3) is a self-
expanding nitinol device with a distal lobe and a proximal
disc. The device comes preloaded in eight different sizes
(14-34mm), the proximal disc is larger (6-7mm greater

than the lobe vs 4-6mm for Amplatzer Cardiac Plug
(ACP)) and the distal lobe is longer (7.5-10mm). Appro-
priate sizing is determined by the maximum landing zone
at 10 to 12mm from the ostium, with a general oversizing
of 2 to 4mm. The Amulet device is implanted with use of
a catheter-based delivery system through a 12 Fr to 14Fr
double-curved TorqVue 45° x 45° sheath via a transseptal
approach under fluoroscopy, with positioning in the LAA
under the guidance of TOE.

LARIAT system (figure 4) consists of the following: (1)
0.025-inch endocardial magnet-tipped guidewire, which
will be placed inside the left atrial appendage through the
introduction of a catheter into the femoral vein; (2) 0.035-
inch epicardial magnet-tipped guidewire, which will be
placed on the outside of the left atrium through the atrial
appendage puncture of the pericardium (each wire has
a magnet of opposite polarity enabling end-to-end align-
ment); (3) a 15mm compliant occlusion balloon cath-
eter to identify the LAA and allow for a very precise and
effective seal of the left atrial appendage; (4) the LARIAT
suture delivery device, which will be introduced by earlier
puncture of the pericardium in the vicinity of the left atrial
appendage. With the LARIAT suture delivery device, the
lumen of the left atrial appendage is closed from outside
the heart, resulting in the elimination of the thrombus
source. The patient is placed in the supine position, intu-
bated under general anaesthesia, and the TOE probe is
introduced. The LARIAT procedure is performed with
three main components: a compliant occlusion balloon,
two magnet-tipped guide wires and a 12 Fr suture delivery
device. Following percutaneous pericardial approach,
transseptal puncture is performed. The first endocardial
magnet-tipped guidewire is placed near the apex of the
LAA. Using percutaneous femoral access, the second
endocardial magnet-tipped guidewire is placed at the tip
of the LAA to establish a stable connection between the
wires. The LARIAT snare device is then advanced over
the epicardial guidewire to occlude the LAA. After TOE
and fluoroscopic confirmation of LAA closure, a pre-tied
suture is deployed and tightened to ligate the LAA."

Anticoagulation regimen

While investigators have no role in defining optimal anti-
coagulation strategies (antiplatelet and antithrombotic),
data on applied treatment regimen will be collected
within the registry in an observational manner.

Evaluations
Table 1 lists patient information and timeframes of
follow-up evaluation.

The baseline assessment will record demographic,
medical characteristics, and TOE or CT findings as of
LAA shape and dimensions. Operatively, the proce-
dural time, technical difficulties (eg, pleural adhesions),
LAAO device sizes and immediate results will be evalu-
ated. During intensive care unit stay, any complications
connected to surgical intervention will be recorded such
as bleeding requiring transfusion or reoperation, phrenic
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Table 1 Evaluations at baseline and follow-up visits

Variable

Baseline Discharge 30 days 3-6 months 1year 2years 3years 4years b5years

Demographic information
Medical history
Clinical risk factors
Risk assessment
CHA,DS,-VASc
HASBLED
Liver function
Current medical treatment
Physician profile
TOE
Clinical events

X X X X X X X X X X

Postoperative complications X X
Remote complications

TOE, trans-oesophageal echocardiography.

nerve palsy, pleural oedema requiring intervention,
wound infection or pleural abscess formation, and length
of stay. The need for prolonged mechanical ventilation
postoperatively, re-intubation and need for vasopressors
will be evaluated as well.

Follow-up and endpoints

Each patient will be followed for 5 years, with follow-up
assessments at discharge, 3-6 weeks, lyear and annu-
ally until year 5. The first primary outcome is composite
procedure-related complications, all-cause death or
major bleeding through 12 months. The second primary
outcome is a composite of ischaemic stroke or systemic
embolism through 12 months. The third primary
outcome is the device-specific success assessed by an inde-
pendent core laboratory on TOE at the 3-6 weeks’ visit.
Prespecified secondary end points include a composite
of all stroke (ischaemic or haemorrhagic), transient isch-
aemic attack (TTA), systemic embolism, all-cause death at
12 months and major bleeding at 12 months. The quality
of life (QoL) will be assessed as well based on the QoL
EQ-5D-5L questionnaire. Medication and drug adher-
ence will be assessed with self-reported questionnaires.
Postoperative heart rhythm and, in particular conversion
to sinus rhythm, will be assessed as well.

Outcome definitions

Major bleeding is defined as type 3 or greater, based on
the Bleeding Academic Research Consortium defini-
tion. Ischaemic stroke is defined as an acute focal neuro-
logical deficit presumed to be due to focal ischaemia,
with either symptoms persisting 24 hours or greater, or
symptoms persisting less than 24 hours associated with
MR or CT findings of a new, neuroanatomically rele-
vant, cerebral infarct and does not include TIAs. TIA is
defined as an episode of rapid-onset focal neurological
dysfunction attributed to focal cerebral ischaemia, with

X X X X

xX X
x
x
x
x
x

resolution within 24 hours. Systemic embolism is defined
as a blood clot that travels through the circulation system
and occludes flow in a systemic artery typically with clin-
ical manifestations. Effective device occlusion is defined
as a residual jet around the device <5mm, documented
by TOE at the 3-6 weeks’ visit. This will be assessed by
Doppler flow and evaluated by an independent echocar-
diography core laboratory.

Data management

All of the site data will be collected locally and forwarded
to the central clinical research database. The database
will be monitored in real time by a data management
centre. Data management for the SALAMANDER registry
will be performed independently by Centre for Postgrad-
uate Medical Education (Warsaw, PL). The independent
third-party audit will mainly monitor the following points:
safety and protection of the subjects’ relevant rights,
the protocol-based study conduction, the accuracy of
collected data, and site staff and facility adherence to the
protocol requirements. Proportion of individual devices
will be shown in the final report. The patients’ data will be
anonymised in each centre, combined into one database
and statistically analysed as a single cohort.

Statistical approach

Data will be summarised using mean (SD) and median
(range) for continuous data and count (percentages)
for categorical data. Continuous variables will be tested
for distribution by the Kolmogorov-Smirnov test. Those
with a normal distribution will be presented as a mean
with SD and analysed by t-test or analysis-of-variance test.
Data with a non-normal distribution will be presented as
median with IQR and will be analysed by non-parametric
methods. The comparison of discrete variables will be
performed via the x? test. Registry records with >5% of
missing data were not considered; in those with <5%,
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missing data were input by artificial neural networks. A

Cox proportional hazard model on the outcomes will

be performed to test the impact of covariates (patient

characteristics, physician characteristics, risk scores and
antithrombotic drugs) on assessed survival. The subanal-
yses will be conducted for risk thresholds groups and age
strata, particularly for elderly patients >75 years old. All
of the statistical analyses will be considered significant at
the 5% confidence limit using two-sided tests or two-sided
CIs.
Planned analyses include the following:

» Description of patient characteristics and risk factors
at baseline, changes in the thromboembolic/bleeding
risk profiles and changes in the antithrombotic treat-
ment during follow-up, as well as compliance of
antithrombotic therapy related to the risk assessment;

» Evaluation of the 3-6week durability of LAA occlu-
sion by TOE or angio-CT'®;

» Evaluation of cardiovascular event rates (stroke,
systemic thromboembolism, major bleeding and cardi-
ovascular death) in relation to different antithrom-
botic therapies used for the AF population at 1year
and following time frames (2-5 years)

Sample size

SALAMANDER is an open registry collecting data on
success rates of LAAO and adverse events; sample size
required was therefore not determined. At the time of
registry design, the enrolment is estimated at 200 patients
per year.

DISCUSSION

Patients receiving oral anticoagulation to counter the
increased ischaemic burden related to AF are at risk of
developing contradictory complications. The first is a
corollary of their underlying disease and an inadequate
level of anticoagulation resulting in a suboptimal isch-
aemic risk reduction. Conversely, patients also face an
increased probability of developing bleeding complica-
tions that could subsequently result in discontinuation
of the anticoagulation therapy, in turn again increasing
their risk for thrombotic events. Several reports showed
alarming data of complications and discontinuation rate
of oral anticoagulation. The study conducted in the UK
and Denmark revealed thatapproximately 30% of patients
with nonvalvular AF with ischaemic stroke discontinued
OAC prior to their hospitalisation.'” Moreover, anticoag-
ulants remain profoundly under-prescribed in patients
with AF, leading to an excess of stroke events, with almost
45% of patients with AF-related stroke not receiving OAC
at the time of the event.'"® The most prevalent reasons for
anticoagulation discontinuation are bleeding (13%) and
infrequent AF paroxysms (14%)."® The analysis of 12129
US patients show that almost half of patients with nonval-
vular AF discontinue OACs early after the initiation of
the therapy, at the average of 120 days, especially those
who experience bleeding complications.”” Immediate

implementation of an alternative strategy, optimising
both ischaemic and bleeding risk complications, required
to increase the safety profile of AF management.

A number of studies reported an appealing perfor-
mance of external epicardial occlusion devices, revealing
practically no safety issues, nearly absolute rate of LAA
closure and stable long-term results.””*” The novelty of
the technique is represented in reduced invasiveness of
the procedure by combination of the epicardial LAAO
and thoracoscopic approach. It was initially dedicated for
patients not eligible for concomitant ablation due to low
chance of success or high fragility status. The presented
registry will provide comparable data on the safety and
feasibility profile of this approach in a broader profile of
patients. Importantly, early data suggest almost absolute
acute completeness of LAAO in high-volume centres,
which can be associated with simplicity of epicardial clip-
ping and numerous possibilities for repositioning occlud-
er’s placement, until achievement of the proper seating.
However, a close cooperation between surgeon and echo-
cardiographer is mandatory. The short time of procedure
conduction (20-50min) and its relatively safe profile in
experienced centres result in significantly reduced anaes-
thetic procedures, limited to general anaesthesia and
mechanical ventilation without central vein cannulation
and invasive blood pressure monitoring.

Transcatheter techniques remain among alternative
strategies, characterised by even lower level of invasive-
ness of procedure, but a debatable feasibility.**™* Studies
report a noticeable acute complication rate, and subop-
timal mid-term and long-term procedural outcomes,
including leaking to LAA,* ! that result in a need for
bridging anticoagulation. Taking into account the struc-
ture of implanted device, it seems that epicardial clips as
device are resistant to those complications; however, the
thoracoscopic intervention itself is burdened with addi-
tional, distinctive periprocedural risks (anaesthetic induc-
tion and intubation) and contraindications (severely
depressed lung function and previous surgery with left
pleural cavity opening).

In the previous registry, thoracoscopic LAAO reached
the therapeutic goals in certain patients populations,
especially those experiencing bleeding events with OACs,
where termination of anticoagulation was the primary
target of the procedure.'” Follow-up revealed a signifi-
cantly lower than expected stroke rate, apparently associ-
ated with a very high and stable complete closure rate and
no late device-related complication.

A fully thoracoscopic LAA occlusion technique may
potentially be considered as an alternative to transcath-
eter LAAO, with observations suggesting even that
surgical approach holds several advantages over tran-
scatheter technique, those two procedures have never
been compared in a RCT.

First, thoracoscopic LAAO is a safe technique with an
extremely low risk of cardiac tamponade, mandated by
visual control of the procedure and need for subsequent
surgical interventions. Moreover, the structure of the
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occluder does not require LAA tissue puncture, while the
anchoring mechanism of transcatheter occluders poses a
bleeding risk from LAA and pulmonary artery.* Lastly, an
incision of pericardial sack during the epicardial access to
LAA prevents high intrapericardial pressure formation by
allowing communication with left pleural cavity.

Furthermore, because of its specific features, thoraco-
scopic clipping can be considered as a method of choice in
selected groups of patients disqualified from transcatheter
technique. First subpopulation requires immediate OAC
cessation owing to tremendously high risk of bleeding
events and usually presents with intermittent bleeding. As
epicardial clipping leaves no intracardiac foreign body, no
endothelialisation of the device is required and anticoag-
ulation can be discontinued directly after the procedure
with no bridging period (on the contrary to endocar-
dial devices). Second subpopulation consists of individ-
uals with anatomy of LAA not suitable for transcatheter
LAAO, as morphological type of LAA has no impact on
thoracoscopic procedure effectiveness.”® In addition,
fully thoracoscopic LAAO is performed without use of
fluoroscopy, atrial septal puncture (left to right residual
shunting) nor intravascular contrast (procedure suitable
for patients with renal failure). Growing evidence reports
stable position of the Atriclip and LAA closure with no
recanalisation over time, diminishing the need for strict
imaging follow-up in clinical practice. Finally, surgical
epicardial LAAO electrically isolates LAA, providing posi-
tive antiarrhythmic effect.””

Limitations

The SALAMANDER registry is an observational, real-
world cohort study. The AF population will be recruited
across Poland, but as possible limitations common
to observational cohort studies, inadequacy of data
recording/capture and selection bias may occur. To avoid
this as much as possible, site selection was carried out
among 2A and 3A Grade reference hospitals in Poland,
which would guarantee a similarly high quality of medical
services. In addition, the site selection was partly based on
the pilot investigation, which will further be confirmed by
data monitoring by a third-party contract research organ-
isation through individual site assessment visits.
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