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Abstract

Tracheoesophageal voice prostheses (TEP) are known to fail in few weeks to several months
of implanting due to clogging, caused mainly by microbial biofilm formation and is a cause of
concern, resulting in frequent hospital visits, costs and inconvenience to patients. TEPs are soft
polymeric devices and are used to restore voice of patients having undergone total
laryngectomy (TL). TEPs are implanted on tracheoesophageal wall and come in direct contact
with food, fluid and air. The environment of TEP implant is a budding ground for growth of
microbes leading to biofilm formation on the TEP surfaces. To increase useful lifespan of TEPS,

it is imperative to prevent biofilm formation.

Several attempts have been made to increase useful TEP lifespan. Various antimicrobial agents
have been incorporated in TEPs to prevent biofilm formation, but these strategies have not
produced prolonged favorable results, due to either short term release of antimicrobial agent or
development of resistant bacteria cross-strain. Silver oxide as an antimicrobial agent was
incorporated with various polymers but these strategies have not produced prolonged favorable
results. Silver is also known to form silver resistant bacterial cross-strains. In other
antimicrobial strategies investigated earlier, iodine as antimicrobial agent was complexed with
base polymer but its prolonged stability is a concern. Antimicrobial coatings with drug eluting
properties have been widely studied but development of drug-resistant strains and their release
behavior remains a cause of concern.

The present research work is focused, firstly on developing a generic design tracheoesophageal
voice prosthesis (TEP) using medical implant grade thermoplastic polyurethane (TPU) through
injection molding technique. Secondly, development of two types of antimicrobial coatings for
TPU, based on release and non-release antimicrobial system. The clinical evaluation of

developed TEP was done after ethical approval.



In the first strategy to prevent microbial colonization was to use iodine as an antimicrobial
agent. lodine is a known broad spectrum antimicrobial agent and kills bacteria, virus, fungi etc.
but its stability is an issue because of its sublime nature. The problem of iodine instability was
addressed by complexing iodine with N-vinyl pyrrolidone (NVP) present as a comonomer in
an acrylate based tercopolymer. NVP - acrylate tercopolymers were synthesized containing
methyl methacrylate (MMA), butyl acrylate (nBA) and N -vinyl pyrrolidone (NVP) in various
ratios by free radical polymerization. To optimize results, NVP ratio in tercopolymer was varied
from 20%, 35% and 50% w/w while ratio of MMA and BA was kept equal. The three variants
of tercopolymers were dissolved in tetrahydrofuran (THF) in 20%, 40% and 60% w/w
concentrations before coating, in order to achieve optimum coating thickness. For iodine
loading of tercopolymer coated TPUs, iodine solution was prepared in DI water by dissolving
4% Nal and 4% I, w/w. The tercopolymer coated TPUs were kept immersed in iodine solution
for 2 hours under constant shaking at 120 RPM and 25 °C. The 24hour iodine release in PBS
was calculated by observing iodine (I7) peak at 224 nm in UV-vis spectrophotometer. The
minimum iodine concentration required to effective kill >99% microbes was evaluated by agar
plate method. The coatings were characterized using proton nuclear magnetic resonance (*H
NMR), Fourier transform infrared spectroscopy with attenuated total reflectance (FTIR-ATR),
gel permeation chromatography (GPC) and differential scanning calorimeter (DSC) techniques.
The water contact angle (WCA) and mechanical studies were performed to evaluate
hydrophilicity, ultimate tensile strength and elongation. The results showed the TPUs coated
with tercopolymer and loaded with iodine containing 35% NVP and having 20% solid content
have good mechanical properties, good cytocompatibility and hemocompatibility and showed

good long term antimicrobial properties till 2 months.



In the second strategy, to fulfil the research objective of prolonging useful TEP lifespan, an
acrylate based crosslinked cationic coating was developed having contact mode of microbial
killing mechanism. Acrylic tetracopolymers were synthesized using methyl methacrylate
(MMA), butyl acrylate (nBA), dimethylaminoethyl methacrylate (DMEAMA) and
hydroxyethymethacrylate (HEMA), in various ratios by free radical polymerization. The TPUs
were coated with tetracopolymer and were converted into cationic quaternary ammonium
moieties by covalently bonding iodoctane with the tertiary nitrogen groups present in
DMEAMA of tetracopolymer. The crosslinking of acrylate tetracopolymer was performed by
using hexamethylene diisocynate trimer (THDI) through urethane linkage with hydroxy group
present in HEMA using dibutyltin dilaurate (DBTDL) as catalyst. The dried tetracopolymer
coated TPUs were treated with iodoctane for 4 hours in an orbital shaker at 25°C in order to
quaternize the DMAEMA followed by washing with hexane. The coatings were characterized
using *HNMR, FTIR, GPC, DSC, FESEM and EDS techniques. The WCA and mechanical
studies was performed to evaluate hydrophilicity, ultimate tensile strength and elongation.
Antimicrobial evaluation was done through agar diffusion and contact killing method. The
coatings were investigated for endurance under harsh conditions by washing repeatedly in 50%
ethanol. Antimicrobial studies were performed by using mix culture of E. Coli (gram negative),
S. aureus (gram positive) and C. albicans (fungi). The results showed tetracopolymer
quaternized coatings on TPU containing 35% DMAEMA has excellent mechanical properties,
biocompatibility and has antimicrobial properties for at least 180 days. The coating endured
harsh condition of 100 washes with 50% ethanol and retained its antimicrobial properties. The
quaternized tetracopolymer coating was found to be superior with long term antimicrobial
properties as compared to NVP based coating developed earlier in the first strategy and was

found to be an excellent choice for development of antimicrobial polyurethane based TEPs.
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