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Abstract: Atrial fibrillation (AF) is the most common clinical disorder of cardiac arrhythmia in geriatrics, characterized by the
presence of disorganized and irregular electrical activity in atrial myocardium, which leads to worsening of the heart's systolic
function. Left atrial appendage (LAA) is a tubular, tiny aperture construction, connecting the left atrium (LA) with separate
structure from LA with distinctive mechanical, hormonal, and structural properties. AF and Mitral valve regurgitation disease
elevate the chances of thrombus formation in LAA, these ultimately turns into stroke. Obstructing thrombus by using a Left
Atrial Appendage Closure Device (LAAC) and preventing it from entering internal carotid arteries, the risk of LAA thrombosis
can be decreased. This article serves as a comprehensive compilation detailing the successful development and implantation of
Left Atrial Appendage Closure (LAAC) Device with its novel design and geometry in two pigs (pre-clinical evaluation),
showcasing promising results that have future implications for addressing cardiovascular disease in humans.

Keyword: Atrial Fibrillation (AF), Left Atrial Appendage (LAA), Left Atrial Appendage Closure Device (LAAC), Mitral Valve
Regurgitation and Stroke Prevention.

L. INTRODUCTION
Stroke is a condition in which carotid arteries get block and blood flow get reduce towards brain, at some point it will cause
paralysis. There are multiple reasons for stroke for example, high blood pressure, diabetes, smoking or atrial fibrillation and mitral
valve like heart disease. Patients with atrial fibrillation (AF) have a three to five fold elevated risk for the occurrence of stroke
compared with individuals without AF, because of irregular heartbeat. The majority cases of AF stroke, formation of clots or
thrombus is due to left atrial appendage (LAA). In individuals with nonvalvular AF, the left atrial appendage (LAA), a blind pouch
of the left atrium (LA), is responsible for around 90% of cardiac thrombi.
The left atrial appendage (LAA), which is distinct from the left atrium proper in terms of development, ultrastructure and
physiology, develops from the left wall of the main atrium during the fourth week of embryonic development. The most accurate
non-invasive imaging modalities for defining LAA anatomy and topographic relationships are transesophageal echocardiograms
(TEE) and multi-detector CT with high definition. With the advent of three-dimensional reconstructions, TEE has become even
more precise. Its inferolateral section is tightly associated with the pericardium and free wall of the left ventricle. A traditional
echocardiogram is done by putting the transducer on the surface of the chest. This is called a transthoracic echocardiogram. A
transesophageal echocardiogram is done by inserting a probe with a transducer down the esophagus. Because of its anatomical
placement, the LAA is typically difficult to see on transthoracic echocardiography (TTE).
In addition to being an embryologic remnant, LAA appears to be crucial for controlling fluid balance and heart rhythm. On the other
hand, LAA may cause atrial tachyarrhythmia and plays a significant role in the thromboembolic risk linked to atrial fibrillation
(AF). The vital component that LAA serves in thromboembolic events during AF is evident; however there are several
cardiovascular surgery approaches that can help lessen the risk, notably surgical LAA obliteration and anticoagulant treatment. Self-
expanding nitinol alloy implant produces promising results by retaining thrombus and preventing the entry of LAA clots into the
carotid arteries. The current reference standard for diagnosing LAA thrombi is transesophageal echocardiography (TEE).
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In summary, this study presents the development and evaluation of the LAAC device, implemented and studied in pigs through a
14Fr delivery sheath. Animal P1 and Animal P2 underwent thorough pre-clinical examinations and surgical preparations, with
continuous monitoring of vital signs using electrocardiograms (ECG). The pigs were observed for 30 and 90 days, respectively,
housed in appropriate cages and observed for any physical or clinical changes. At the termination of the experiment, necropsy and
histopathological evaluations were conducted. The findings suggest that the LAA closure device with its novel design and geometry
has serve as a valuable preventive measure against ischemic stroke, providing a safer alternative by effectively trapping blood clots
in the Left Atrial Appendage. The study aims to introduce and assess the LAAC device for individuals at high risk of stroke due to
cardiovascular diseases such as atrial fibrillation and mitral valve regurgitation. Utilizing this device may prove contributory in
preventing thrombus entry into carotid arteries, marking a significant advancement in stroke prevention strategies.

1. MATERIALS AND METHODS

A. Animal Preparation

Two male pigs were chosen for implantation study because pigs have circulatory system needed for comparable to adult human, and
also they have characteristics with the desired patient group for the device- such as size, cardiac output, heart rate, blood pressure,
etc. Before the surgical procedure, the animals were fasted for at least 12 hours and had no access to water and tag according to their
time of observation period, animal P1 for 30 days and animal P2 for 90 days. The animals were weighed, sedated, placed with
monitoring equipment, and given a pre-anesthetic dosage of 0.05 mg/kg (IM) of atropine, 15 mg/kg (IM) of ketamine, and 2.5
mg/kg (IM) of xylazine. A facemask was then used to administer a 1-3% inhalation anesthetic. For the application of ECG leads and
the aortic root approach, hairs in the groin region were removed.

B. Experimental Procedure

The animals underwent a three-day anticoagulant therapy regimen leading up to the procedure day, and this continued from the
implantation of the test item on day O (the day of implantation) until the termination of the study. The animals were maintained on a
reduced aspirin dose of 150 mg per animal. ACT measurements were conducted both before and after heparinization, which was
implemented to maintain ACT values between 250 to 550 seconds.

The percutaneous approach was employed using the Seldinger method, wherein an 18G puncture needle was used to puncture the
vessel. An 8F sheath was inserted into the femoral vein, and a 6F sheath was inserted into the femoral artery. Throughout the
procedure, continuous monitoring of electrocardiogram (ECG), respiration rate, heart rate, and oxygen saturation was performed and
documented in the surgical record.

C. Medications

Purpose Drug Name Conc. Dose Route Frequency
Aspirin NA 150 mg/Animal PO Once Daily ff"m Day 0 to til
terminal day
. . Clopidogrel NA 75 mg/Animal PO Once Daily ff"m Day 0 to till
Anti-coagulation terminal day
Day 0, before the device
Heparin 5000 1U/mL 100 1U/kg v implantation (every hour on
discretion of interventionist)
Pre-anaesthetic Atropine 0.6 mg/mL 0.05 mg/kg IM Once before induction anaesthesia
Induction of Ketamine 50 mg/mL 15 mg/Kg IM Once to sedate animal
. Xylazine 23.32 mg/mL 2.5 mg/kg IM Once to sedate animal
Anesthesia -
Isoflurane NA 1% face mask Induction
Malntenanc.e of Isoflurane NA 25% Inhalation via . For
Anesthesia endo-tracheal tube maintenance
. 50
Analgesic Tramadol mg/mL 2to4 mg/kg IM Once before procedure
A . 100
Antibiotic Enrofloxacin 5- 7.5 mg/kg IM Once before procedure
mg/mL
. . . 300 S
Euthanasia Thiopental sodium mg/mL 100 mg/Kg v Once at the termination of procedure

Table 01: "Pharmaceutical Agents Administered to pigs for Preoperative, Intraoperative, and Postoperative Care"
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D. Necropsy

Gross necropsy and photography were conducted for the organ where the test item was applied, as well as the downstream organs to
assess local effects such as thrombus formation and inflammations. At the scheduled sacrifice dates (P1 on day 30 and P2 on Day
90), all animals were euthanized using an overdose of Thiopental sodium. A pathologist examined the animals for external and
internal gross pathological changes. The implanted device was collected and preserved in 10% neutral buffered formalin as per the
study protocol. The left atrial appendage and implanted device were prepared for resin embedding and sectioned to approximately
200 microns thickness, followed by thickness reduction through polishing. The investigating pathologist stained the specimens with
Hematoxylin & Eosin (H & E) and examined them under a light microscope to evaluate histopathological abnormalities.

1. RESULTS AND DISCUSSION
A. Radiography Analysis
Radiographic imaging was conducted both during and after the implantation to ensure the accuracy of the left atrial appendage
closure (LAAC) device position. The post-implant position of LAAC in animal P1 is shown in Figure 01 (A) & (B) respectively at 0
and 30 days. Similarly figure 02 (A) & (B) represents LAAC in animal P2 at 0 and 90 days respectively.

1) Animal P1

1dage Clouser Device

@ ®)

' gk ol ‘*‘%
(A) (B)
Figure 02: "Radiographic Images of Left Atrial Appendage Closure (LAAC) - (A) Day 0, (B) Day 90"
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3) Body Weight
No reduction in body weight was observed in the P1 animal, with a starting weight of 32.3 kg on Day 0 and a weight of 35.5 kg on
Day 30. Similarly, the P2 animal, starting at 34.3 kg on Day 0, showed no decrease in body weight, reaching 38.2 kg on Day 90.

B. Clinical Pathology Analysis

Hematology and clinical chemistry tests were conducted on blood samples before the procedure and at the terminal stage. The
corresponding parameters for terminal haematology and clinical chemistry to the baseline values are shown in the tables below
(Tables 2, 3, 4, and 5).

Animal No P1/Baseline P2/Baseline SD Average
AST (U/L) 31 26 3.54 20.18
Ca (mmol/L) 2.25 1.88 0.26 1.46
CK (U/L) 809 661 104.65 524.88
Create (umol/L) 57 43 9.90 36.63
LDH (U/L) 483 395 62.23 313.41
BUN (mmol/L) 1.99 1.68 0.22 1.30
Sodium (mmol/L) 136.4 138.8 1.70 92.30
Potassium (mmol/L) 2.98 2.37 0.43 1.93
Chloride (mmol/L) 92.5 96.3 2.69 63.83

Table 02: "Biochemistry Baseline Parameters (P1 and P2) with Standard Deviation (SD) and Average"

Animal No P1/Terminal P2/Terminal
AST (U/L) 58 45
Ca (mmol/L) 2.81 3.04
CK (U/L) 996 1431
Create (umol/L) 63 61
LDH (U/L) 736 417
BUN (mmol/L) 3.73 4.16
Sodium (mmol/L) 141.7 138.2
Potassium (mmol/L) 4.13 3.43
Chloride (mmol/L) 110.7 98.9
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Table 03: "Terminal Parameters for P1 and P2"

Animal No P1/Baseline P2/Baseline SD Average
WBC (10°/L) 15.38 13.39 1.41 10.06
RBC (10™/L) 5.45 4.81 0.45 3.57

HGB (g/L) 101 87 9.90 65.97

HCT (L/L) 0.300 0.266 0.02 0.20
MCYV (fL) 55.1 55.2 0.07 36.79
MCH (pg) 18.5 18.0 0.35 12.28
MCHC (g/L) 337 327 7.07 223.69
PLT (10°/L) 523 451 50.91 341.64
NEUT (10°/L) 57.3 57.7 0.28 38.43
LYMPHO (10%/L) 39.5 40.0 0.35 26.62
MONO (10%L) 1.6 1.2 0.28 1.03
EOS (10°/L) 0.2 0.1 0.07 0.12
BASO (10%/L) 1.4 0.9 0.35 0.88
LUC (%) 0.0 0.0 0.00 0.00

RETIC (%) 0.75 0.62 0.09 0.49

Table 04: "Baseline Hematological Parameters with Standard Deviation (SD) and Average"

Animal No P1/Terminal P2/Terminal
WBC (10°/L) 24.21 13.04
RBC (10™/L) 452 5.01

HGB (g/L) 91 112

HCT (L/L) 0.282 0.330
MCV (fL) 62.3 65.8
MCH (pg) 20.2 22.4
MCHC (g/L) 324 340
PLT (10%L) 223 267
NEUT (10%/L) 9.3 38.3
LYMPHO (10%L) 76.0 58.0
MONO (10°/L) 13.5 1.9
EOS (10°/L) 0.2 0.2
BASO (10°/L) 0.9 1.4
LUC (%) 0.1 0.1

RETIC (%) 0.72 0.95

Table 05: "Terminal Hematological Parameters for P1 and P2"
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C. Necropsy Analysis

The organs underwent a comprehensive gross evaluation, focusing particularly on identifying evidence of thromboembolism or any
other abnormalities by the Hematoxylin & Eosin (H & E) strain method. No abnormal gross findings were detected in any of the
examined tissues which is visible in figure 03.
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Figure 03: "Fluoroscopy Images of Harvested Hearts with LAAC Device - (A) Animal P1, (B) Animal P2"

D. Histopathological Analysis

The objective of the histopathological study was to evaluate device ingrowth and biocompatibility through microscopic
examination. All devices exhibited partial or complete overgrowth with tissue, dependent on the duration of follow-up (i.e., 30 and
90 days).

The connective tissue was well confined to the device and distinguishable from myocardial tissue. In P1 animals on Day 30, the
connective tissue surrounding the nitinol alloy wire showed moderate infiltration of inflammatory cells, effacing the adjacent tissue.
On Day 90 in P2 animals, inflammatory cell infiltration was limited to the struts. The presence of follicle-like lymphocytic
structures indicated chronic inflammation, observed at both 30 and 90 days post-implantation. The composition of this infiltration
decreased from day 30 to day 90.

As shown in figure 04, considering the limited degree and extent of this inflammation, no clinical symptoms are anticipated. Such
inflammatory and tissue responses are expected in the context of large device implantation in the endocardium, and these changes
were not classified as adverse reactions. In summary, the histopathological examination results suggest good biocompatibility of the
device at both 30 and 90 days of follow-up.

1) Animal P1

Microscopic examination revealed a substantial presence of inflammatory cells, exposing the surrounding tissue and an endocardial
breach. There was no observed loss of smooth muscle cells or deposition of fibrin. The left atrial appendage closure device (LAAC)
demonstrated endothelialisation, with over 75% of its surface covered by epithelium, resulting in a total histology score of 4.

2) Animal P2

Microscopic examination illustrates the formation of inflammatory cells around the strut. The overall Histopathology score was 3,
indicating a broken endocardium without any loss of smooth muscle cells or fibrin deposition. The entire surface (100%) of the left
atrial appendage closure device (LAAC) was covered with epithelium, demonstrating endothelialisation.
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Following the opening of the left atrium in the P1
animal nitinol alloy wire, effacing the surrounding tissues. The
long arrow indicates the presence of endothelium. H&E
stain, magnification 100x.
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Following the opening of the left atrium in the P2 | Inflammatory cells (indicated by the short arrow) are
animal present around the nitinol alloy wire. Magnification:

100x, H&E stain.
Figure 04: "Histopathological Results for Animals P1 and P2"

v. CONCLUSION

In conclusion, the findings from this research present a comprehensive evaluation of the self-expanding nitinol Left Atrial
Appendage Closure (LAAC) device in the context of reducing the risk of stroke in atrial fibrillation (AF) patients. The study
focused on assessing the device's efficacy in pigs during animal trials, employing a variety of criteria such as size, heart rate, blood
pressure, cardiac output, and compatibility with adult humans. The selection of two pigs, labeled as animal P1 and animal P2, based
on their respective observation periods of 30 days and 90 days, provided valuable insights into the long-term performance and
biocompatibility of the LAAC device. The implantation procedure, facilitated by a 14Fr sheath delivery system and continuous
fluoroscopic monitoring, ensured precision and accuracy in device placement. Histopathological examination revealed the formation
of an epithelial cell layer around the LAAC, confirming the device's biocompatibility at both 30 and 90 days post-implantation. The
examination of basic functions, including the nitinol alloy wire LAA closure devices, through necropsy demonstrated its integrity.
Importantly, scheduled transthoracic echocardiographic examinations at follow-up time points did not reveal any significant
pericardial effusion, device-associated mitral valve dysfunction, or pulmonary venous obstruction.
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Notably, there were no instances of device immobilization or device failure throughout the follow-up period. While both devices
displayed time-dependent neo-intima development at 30 and 90 days, this development was found to be entirely endothelialized.
Collectively, the novel design and geometry of the aforementioned LAAC device have been thoroughly found to be strong and
relevant for its ability to obstruct clot entry into carotid arteries of pigs. This positive outcomes observed with the animal trials
established a strong basis for future clinical investigations for reducing the risk of stroke in patients with atrial fibrillation (AF).
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