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Abstract:- In the world of pharmaceutical science, we are
moving away from seeing polymers as simple
"wrappers" for medicine. Instead, we are looking to
nature for inspiration to create "smart" polymers
materials that can actually sense and adapt to their
surroundings much like a living organism. These
intelligent materials don't just sit there; they react to tiny
changes in their environment, such as a shift in pH, a rise
in temperature, or the presence of a specific enzyme.
When they feel these triggers, they undergo dramatic
physical changes swelling, shrinking, or breaking apart
to release their medicinal cargo exactly where and when
it’s needed. This review dives into how these responsive
systems are solving some of medicine's toughest hurdles.
From breaking through the protective barriers of the eye
to ensuring that gene therapies reach their target without
being lost in the bloodstream, smart polymers are
bridging the gap between "standard" care and precision
medicine. We explore the mechanics behind these
materials, their growing roles in tissue engineering and
biosensors, and how they make life easier for patients by
reducing side effects and dosage frequency. Finally, we
look ahead at the challenges still standing in the way of
making these "intelligent" materials a standard in global
healthcare.
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L INTRODUCTION

Polymers or "macromolecules" have come a long way
from their origins as basic structural building blocks.
The name itself, taken from the Greek words poly
(many) and mere (unit), perfectly describes their
simple, repeating nature. Historically, we valued them
for their physical toughness and how well they sat
within the human body without causing harm.
However, the rise of synthetic chemistry has sparked
a quiet revolution. We are no longer just using
polymers as "containers" for medicine; we are
transforming them into "Smart Polymers" intelligent
systems that actively "talk" to the biological
environment around them.

These "smart" materials are essentially engineered to
mimic the survival instincts of living organisms. They
are hyper-aware of their surroundings, sensing tiny
shifts that the human eye could never see like a slight
change in acidity (pH) in an inflamed joint, a
temperature rise on the surface of the eye, or the arrival
of a specific enzyme. When they detect these triggers,
they transform instantly. They might turn from a liquid
into a gel or swell up to release their medicinal cargo.
This allows us to deliver drugs with a level of precision
that was once considered science fiction.

The need for this intelligence is most urgent in the field
of eye care. Treating diseases like glaucoma or
macular degeneration is a constant battle against the
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eye’s natural defenses. Between constant blinking and
rapid tear drainage, more than 95% of traditional eye
drops are washed away before they can even begin to
work. Smart polymers change the game entirely. By
using platforms like temperature-sensitive hydrogels
that "lock" into place upon contact with the eye, we
can ensure the medicine stays where it’s needed. This
not only makes the treatment more effective but also
spares patients from the discomfort and risks of
frequent, invasive injections.

This manuscript traces the journey from "static"
materials to these dynamic, "living" systems. We will
explore how they work, how they break through the
body’s most stubborn barriers, and how they are set to
redefine the future of global healthcare and patient
comfort.

II. HISTORY & DEVELOPMENT OF
SMART POLYMER:

The story of how we deliver medicine is actually a
story of how we learned to build better "vehicles" for
those drugs using polymers.

2.1 The Era of Natural Ingredients:

Long before we had high-tech labs, healers relied on
what nature provided. They used extracts from plants
and herbs as the first "natural wrappers" for medicine.
These natural polymers were great because they were
inert meaning they didn't cause a fuss when they
entered the body and they played well with human
tissue.

2.2 The Synthetic Revolution:

As our understanding of chemistry grew, we stopped
relying solely on nature and started building our own
materials. Scientists began creating synthetic
polymers designed to mimic the best traits of natural
ones but with extra "superpowers." We could now
tailor these materials to be tougher, more flexible, or
more water-resistant, which paved the way for the first
reliable medical implants and long-lasting tablets.

2.3 1944: The "Glue" That Changed Everything:

A massive breakthrough happened in 1944. Instead of
just mixing a drug into a polymer "soup," researchers
figured out how to physically bond the two together.
This created the first polymer-drug conjugate. The
"Micelle" Magic: By using a polymer called HPMC
and a cancer drug called doxorubicin, they created tiny
"bubbles" (micelles). These bubbles acted like
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armored trucks, protecting the drug as it traveled
through the body to attack cancer cells directly.

2.4 The Invention of the "Invisibility Cloak"
(PEGylation):

In the 1970s and 80s, two researchers named Frank
Davis and Abraham Abuchowski had a "lightbulb"
moment. They used a specific polymer called PEG
(Polyethylene Glycol) and tied it to drugs or proteins.
The "Cloak of Invisibility": This technique, called
PEGylation, essentially hides the medicine from the
body’s immune system. Normally, the body tries to
destroy foreign medicine quickly, but PEG acts like a
cloak, allowing the drug to stay in the bloodstream
much longer to do its job.

2.5 The 2000s: Modern Medicine Goes "Pro":

By the early 2000s, this technology finally hit the
mainstream. We saw the release of "clothed" drugs
like PEG-interferon-alpha (for Hepatitis) and PEG-
GCSF (for boosting white blood cells). These weren't
just pills anymore; they were high-tech delivery
vehicles. This success led to the nanoparticles we use
today to treat aggressive diseases like metastatic breast
cancer, proving that the right "wrapper" can be just as
important as the medicine itself.

III. CHARACTERIZATION OF IDEAL
POLYMERS USED IN DRUG DELIVERY

e [t should be inert.

e [t should have low coefficient friction.

e [t should be stable.

e It should be inexpensive.

e It should be fabricated easily.

e It should versatile and possess good strength.

e Have a huge range of physical as well as chemical
properties.

o Compatible with host tissue and environment as
well.

IV. CLASSIFICATION OF POLYMER:

4.1 Physical Triggers:
These polymers react to changes in energy or physical
forces in the environment.

e  Temperature-Responsive (The Heat Seekers):
These are the most popular type. They act like a
thermostat. At a specific temperature, they might
flip from a liquid to a thick gel.
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e Light-Responsive (The Solar Sensors): These
respond to specific light beams (like UV or
visible light). This is incredibly useful because a
doctor can shine a light on a precise spot on your
skin to tell the polymer exactly where and when
to release the medication.

e Field-Responsive ~ (The  Magnetic/Electric
Drivers): These convert electricity or magnetism
into movement. For example, magnetic
polymers often contain tiny iron particles,
allowing doctors to use a magnet outside the
body to "pull" the medicine to a specific organ.

e Ultrasound-Responsive (The Sound Wave
Listeners): These use sound waves to create tiny,
harmless bubbles. These bubbles act like little
"pumps" that push the drug out of the polymer
without needing surgery or needles.

4.2 Chemical Triggers: Responding to the

Environment:

These polymers "taste" the chemistry of the fluid

around them and change their behavior accordingly.

e pH-Responsive (The Acid/Base Detectors): Your
body has different acidity levels (the stomach is
very acidic, while the intestines are neutral).
These polymers can sense that change. They
might stay closed in the stomach to protect your
throat but "swell up" like a sponge to release the
drug once they hit the safety of the intestines.

e Redox-Responsive (The Electron Balancers):
These react to the electrical balance (electrons) in
their surroundings. They are often used to target
cancer cells, which tend to have a different
"chemical signature" than healthy cells.

o Jon-Responsive (The Salt Sensors): These are
sensitive to how "salty" or concentrated the local
fluids are, changing their shape when the salt
levels shift.

4.3 Biological Triggers: The Nature Mimics:

These are the most advanced types because they

behave exactly like our own cells.

e Enzyme-Responsive (The Targeted Cutters):
Think of an enzyme as a highly specific pair of
scissors. These polymers are built with "links"
that only those specific scissors can cut. When the
polymer meets the right enzyme (usually at a
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disease site), the "scissors" snip the polymer open
and release the treatment.

e  Glucose-Responsive (The Artificial Pancreas):
Designed specifically for people with diabetes.
These polymers "sense" the amount of sugar in
the blood. When sugar levels are high, the
polymer opens up to release insulin perfectly
mimicking how a healthy pancreas works.

4.4 The Origin:

Think of this as the "Source Code" of the material.

e Natural Polymers (The Earth-Grown): These are
harvested directly from nature—think of
materials like cellulose from plants or chitosan
from shellfish. Because they are "organic," the
body usually recognizes them as safe and
compatible.

e  Synthetic Polymers (The Tailor-Made): These are
built from scratch in a laboratory (like PEG or
PLA). The benefit here is precision; scientists can
"program" these materials to be exactly as strong
or as flexible as the medicine requires.

4.5 The Interaction:

In the human body, everything is "wet," so how a

polymer reacts to water is a dealbreaker.

e  Soluble Polymers (The Dissolvers): These act like
sugar in tea. They dissolve completely in water or
bodily fluids, making them great for carrying
medicine that needs to be absorbed quickly.

e Hydrogels (The Micro-Sponges): These are
fascinating because they love water but refuse to
dissolve. Instead, they soak up fluid like a kitchen
sponge, swelling to many times their original size.
This makes them perfect for "slow-release"
treatments where the drug needs to seep out
gradually over days or weeks.

4.6 The Biostability:

This is all about the "Exit Strategy" for the material.

e Biodegradable (The Self-Vanishing): These are
the most popular in modern medicine. Once they
release their medicine, they naturally break down
and are safely absorbed or flushed out by the
body. No surgery is needed to remove them.

e Non-Biodegradable (The Long-Term Residents):
These are built to last. They stay in the body until
they are physically removed. These are usually
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reserved for permanent implants or devices that
need to provide structural support for years.

Advantages:

The biggest strength of smart polymers is that they

take the "human error" out of medicine.

e  Better for the Body: They are biocompatible (the
body doesn't reject them) and non-thrombogenic
(they don't cause dangerous blood clots), which
makes them safe for implants that touch your
blood.

e The "One and Done" Effect: Because they release
medicine slowly and steadily, a patient might only
need one dose instead of taking pills every few
hours. This is called maintaining the therapeutic
window.

e Fewer Side Effects: By delivering the drug
directly to the "sick" area and nowhere else, the
rest of your body is spared from harsh chemicals.

e FEasy to Design: They are flexible and easy to
mold into different shapes or colors, making them
perfect for specialized medical devices.

o Smart Feeding: They don’t just carry medicine;
they are also great at delivering nutrients to help
cells grow and heal in tissue engineering.

Disadvantages:

Despite their intelligence, smart polymers have a few

"weak spots" that scientists are still working to fix.

e Physically "Soft": Compared to metal or hard
plastic implants, smart polymers have low
mechanical strength. They can be flimsy or tear
easily under pressure.

e The Loading Struggle: It can be technically
difficult to "pack" the drugs or living cells into the
polymer matrix before it is used. It’s like trying to
fit a lot of luggage into a very specific, tiny trunk.

e  Sterilization Issues: Because these materials are
sensitive to heat or light (that’s what makes them
"smart"), traditional cleaning methods like high-
heat steaming can actually ruin them or trigger
them prematurely.

V. THERMAL OR MECHANICAL
PROPERTIES OF POLYMERS:
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5.1 The Personality of Strength:

Every polymer has a different "vibe" depending on its

mechanical strength. Scientists describe them using

terms we can all visualize:

e Strong and Tough: Can handle a lot of weight or
pressure.

e  Soft or Ductile: Can be stretched out like a rubber
band without snapping.

e  Viscous: Flows slowly, like honey or syrup.

5.2 The "Spring and Piston" Mystery (Viscoelasticity):

Most polymers are a bit "confused" they act like both

a solid and a liquid at the same time. This is called

viscoelasticity. To understand this, scientists use a

simple mental model involving a spring and a piston:

e The Spring (Elasticity): This represents the
"bounce back." Like a spring, the polymer stores
energy and wants to return to its original shape.

e The Piston (Viscosity): This represents the
"flow." Like a piston pushing through oil, it shows
how the polymer loses energy and flows under
pressure.

5.3 How they are built:

e Parallel (Kelvin-Voigt Model): Imagine the
spring and piston side-by-side. This describes
materials that take a bit of time to deform but
eventually snap back.

e Series (Maxwell Model): Imagine them in a
straight line. This describes materials that flow
more easily, like a liquid that has just a little bit of
"memory."

5.4 The Stress Test:

e  Stress-Strain Tests: We pull and push the material
until it breaks to see how much it can take.

e DMA (Dynamic Mechanical Analysis): This is
like a high-tech vibration test that measures
exactly how "springy" or "syrupy" the material is
under different conditions.

5.5 The "Melting Point" (Thermal Properties):

e  Glass Transition: This is the temperature where a
polymer goes from being hard and "glassy" to soft
and rubbery.
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e Crystallization & Melting: This tells us exactly
when the material turns into a structured solid or
a complete liquid.

VL POLYMERIC MECHANISM FOR DRUG
RELEASE:

6.1 The Diffusion Mechanism (The Slow Leak):
Think of this like a tea bag. The medicine is trapped
inside a polymer "mesh" or matrix.

e  Because there is a high concentration of medicine
inside the polymer and a low concentration in
your body, the drug naturally wants to move
outward to balance things out.

e  The drug slowly "seeps" through the tiny pores of
the polymer, providing a steady, continuous flow
of medicine over a long period.

6.2 The Degradation Mechanism (The Melting

Shield):

In this version, the polymer acts like a protective suit

of armor that slowly "erodes" or melts away once it

hits the right spot in your body.

e Scientists use biodegradable polymers that are
designed to break down when they touch water, a
specific pH (like stomach acid), or body heat. As
the outer layer of the polymer dissolves, the
medicine trapped underneath is released.

e The amount of drug released is directly tied to
how fast the "skin" of the polymer melts away.
Once the job is done, the polymer simply
disappears and is safely flushed out of your
system.

6.3 The Swelling Mechanism (The Expanding

Sponge):

This is the "sponge" effect. The polymer starts out as

a tight, dry ball that keeps the medicine locked deep

inside its structure.

e Once the polymer enters a wet environment (like
your stomach or a wound), it begins to soak up
water or bodily fluids. As it absorbs the liquid, the
polymer "swells" and its internal mesh expands.

e  As the gaps in the polymer mesh grow larger, the
medicine finally has enough room to "crawl out"
and enter your body.
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VIL METHOD OF SYNTHESIS:

7.1 Building a "3D Sponge" (Hydrogels):

Hydrogels are like microscopic nets. They love water

and can soak it up without falling apart.

e  They are 3D networks of polymer chains. Think
of them as a "wet net" that stays solid because the
strings are tied together.

e  Using things like chitosan (from shells) because
it’s safe for the body. Making them in a lab so we
can control exactly how they break down.

e Sometimes, we make tiny versions called Micro-
gels or Nano-gels. These are so small they can
travel through the blood to deliver DNA or
medicine directly to cells.

e Scientists use special mixing techniques (like
"mini-emulsions") to create uniform, tiny droplets
that harden into these gel beads.

7.2 Building a "Branched Tree" (Graft Polymers):

Grafting is like taking a straight stick (the backbone)

and growing new branches of a different material off

the sides. This lets you combine two different
properties into one material.

The Three Main "Gardening" Strategies:

e  QGrafting-onto: You have a finished "stick" and
finished "branches," and you simply glue them
together.

e  QGrafting-from: You have a "stick" with special
seeds on it. You place it in a chemical bath, and
the branches grow directly out of the stick.

e  QGrafting-through: You mix everything together
and build the stick and the branches at the exact
same time.

7.3 Using Radiation to "Spark" Growth:

Sometimes, scientists use Gamma Radiation to jump-

start the grafting process. This is like using a laser to

create "sticky spots" on a smooth surface so that new
polymers can attach.

e Direct Method: You zap the main polymer while
it’s sitting in a bath of the new material.
Everything bonds instantly.

e  Pre-irradiation Method: You zap the main
polymer first to create 'reactive spots”
(peroxides). Then, you heat it up later with the
new material to start the growth.
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VIII.ROLE OF POLYMER IN PHARMACEUTICAL.:

8.1 The "Fast-Acting" Pill: Immediate Relief:

e  The Goal: To get nearly all of the medicine (about
90%) into your system in under 15 minutes.

e The "Flavor Guard": Many medicines taste or
smell terrible. Polymers act like a flavor-neutral
coat, making it easy to swallow without the bitter
aftertaste.

8.2 The "Slow and Steady" Delivery: Modified

Release:

Taking a pill every four hours is a hassle and easy to

forget. Modified-release technology uses polymers to

make life much simpler.

o Extended-Release: Imagine a "slow-release
valve." The medicine is tucked inside a polymer
matrix that lets the drug leak out bit by bit over 12
or 24 hours. This means you only need one pill a
day instead of four.

e Stomach-Stayers (Gastroretentive): Sometimes, a
drug needs to stay in the stomach to work best.
Polymers can make a pill float like a tiny boat on
your stomach fluids or expand like a sponge so it
stays put and doesn't get flushed into the intestines
too early.

8.3 The "Sticky" Medicine: Mucoadhesion:

This is one of the coolest uses of polymers making

medicine "stick" exactly where it’s needed.

e Some polymers are designed to be "magnetic"
toward the wet, slippery surfaces of your body
(the mucosa), like the inside of your nose, your
eyes, or your cheeks.

e Normally, your body would wash away eye drops
or mouth gels very quickly. These "sticky"
polymers (like Chitosan) act like a microscopic
glue. They anchor the medicine to that specific
spot so it can work for hours instead of minutes.
This is why some nasal sprays or eye treatments
are so much more effective than others.

IX. BIOCOMPATIBILITY TESTING OF
POLYMERIC MATERIALS:

9.1 The "Golden Rule" of Testing (ISO 10,993):

While there isn't one single law just for polymers, the
FDA follows a set of 20 international standards called
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ISO 10,993. This is the "ultimate checklist" scientists
use to test any medical device before it can be used on
people.

9.2 Testing in the Lab (In-Vitro):

Before testing on any living being, we start in a petri

dish using cells (usually mammalian skin cells).

e Cytotoxicity: We check if the polymer kills cells.

e  MTT Assay (The Color Test): This is a clever test
where we add a chemical to the cells. If the cells
are dying, they release an enzyme that turns the
liquid a specific color (measured at a UV range of
490-520 nm). The darker the color, the more
"toxic" the material might be.

e Diffusion Tests: We place the polymer near cells
to see if any harmful chemicals "leak" out and hurt
them.

9.3 Testing the "Disappearing Act" (Biodegradation):

For polymers that are supposed to dissolve (like

internal stitches or drug implants), we have to know

exactly how they vanish.

e The Mechanism: Usually, the body breaks them
down using water (Chemical Hydrolysis) or
special proteins (Enzymatic Hydrolysis).

e The Residue: We test if the "leftovers" of the
polymer stay in the tissue or if they are safely
flushed out without causing inflammation.

9.4 Testing in a Living System (In-Vivo):

Once the lab tests pass, we investigate how the

polymer behaves inside a living body. We don't just

test the polymer alone; we test it loaded with the drug
to see the full effect.

e Irritation & Sensitization: Does it cause redness,
itching, or an allergic reaction?

e Hemocompatibility: Does it play nice with blood,
or does it cause dangerous clots?

e Toxicity Checks: We look for "Genotoxicity"
(damage to DNA), "Carcinogenicity" (cancer
risk), and whether it affects the immune system or
reproduction.

X. POLYMERS-BASED DRUG DELIVERY
SYSTEMS IN OPHTHALMOLOGY:
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10.1 Why Use Polymers for the Eye?

Traditional eye drops often fail because about 95% of

the medicine is washed away by tears before it can

work. Polymers help by:

e Staying Put: They stick to the eye's surface so the
medicine isn't washed away.

e Precision Timing: They release the drug slowly
over hours or even days.

e Adapting: They can change from a liquid (easy to
drop in) to a gel (stays on the eye) once they touch
the warm, salty surface of the eye.

10.2 The "Smart" Triggers in the Eye:

These polymers are programmed to react to specific

"signals" inside or on the surface of the eye:

e Temperature (The Heat-Seekers): These are
liquids in the bottle but turn into a protective gel
the moment they hit your body heat ($37$°C).
This keeps the medicine from draining out.

o Example: PNIPAAm and PLGA-PEG are
used to treat glaucoma and dry eye.

e lonic Strength (The Salt-Sensors): Our tears
contain salts (like Sodium and Calcium). Some
polymers, like Gellan Gum, sense these salts and
instantly cross-link into a 3D network to trap the
drug on the cornea.

e pH Levels (The Acid-Detectors): When the eye is
inflamed or diseased, the pH level changes. pH-
sensitive polymers "sense" this acidity and open
up to release the medicine exactly where the
inflammation is.

e Enzymes (The Biological Keys): Certain diseases
trigger specific enzymes in tears. Scientists create
polymers that only "unlock" and release their drug
when they encounter those specific enzymes.

10.3 Key Delivery Platforms:

o Smart Contact Lenses: Instead of just correcting
vision, these lenses are "loaded" with medicine
that slowly seeps into the eye throughout the day.

e Injectable Hydrogels: For back-of-the-eye
diseases (like Macular Degeneration), a tiny
injection of a "thermogel" can provide a steady
supply of medicine for over a year, reducing the
need for frequent, painful shots.

e Nanoparticles: Tiny "smart beads" that can
penetrate deep into ocular tissues. Some use
Chitosan (a natural polymer) because it is
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positively charged and "sticks" to the negatively
charged surface of the eye.

10.4 Gene Therapy: The Future:

Polymers are now being used as "shuttles" for gene
therapy to treat blindness. They wrap around DNA or
CRISPR tools to protect them and help them enter
retinal cells safely. This is a much cheaper and safer
alternative to using viruses for gene delivery.

XI. APPLICATIONS:

11.1 Tissue Engineering:

e Scientists use polymers to build a scaffold (a 3D
frame).

e place human cells on this frame. The polymer
provides the support and nutrients the cells need
to grow into skin, bone, or muscle. Once the new
tissue is ready, it’s put into the body to repair
damage from burns or injuries.

11.2 Gene Delivery: The "DNA Shuttles":

This is used to fix "broken" genes that cause diseases

like cancer.

e DNA is very fragile and can’t enter cells on its
own.

e Polymers act as a protective "shuttle" that wraps
around the DNA. They protect it from the body’s
immune system and deliver it safely inside the cell
to repair the genetic code.

11.3 Micelles & Cross-Linked Micelles: The "Smart

Suitcases":

Many medicines don't dissolve in water (like oil),

which makes them hard for the body to absorb.

e  Micelles are tiny, round bubbles that are "water-
loving" on the outside and "oil-loving" on the
inside.

e hide the drug inside the center of the bubble.
Cross-linked micelles are even better because
they are "double-locked" with chemical bonds, so
they don't fall apart in the blood until they reach
the target.

11.4 Films: The "Healing Stickers":

These are thin, flexible sheets made of polymer.

e They act as advanced bandages or dissolvable
strips.
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11.5 Biosensing: The "Chemical Detectors":
e To detect things like sugar levels (for diabetes) or
toxins in the environment.

XIL RESULTS

The evolution and application of smart polymers have
yielded significant breakthroughs in how we approach
disease management. The key findings from current
research and development include: Precision and Site-
Specificity: By utilizing chemical (pH, redox) and
physical (temperature, light) triggers, smart polymers
have successfully demonstrated the ability to bypass
healthy tissue and release drugs only at the site of
infection or malignancy. This has resulted in a
measurable decrease in systemic toxicity. Overcoming
Biological Barriers: In ophthalmology, the use of
mucoadhesive polymers and in-situ gelling systems
(like Gellan Gum) has effectively solved the
"washout" problem, increasing the bioavailability of
ocular drugs from less than 5% to significantly higher
therapeutic levels. Enhanced Patient Compliance: The
development of modified-release systems and
gastroretentive platforms allows for "once-a-day"
dosing. This reduces the burden on patients,
particularly those with chronic conditions like
glaucoma or diabetes, thereby improving long-term
health outcomes. Stability through Engineering:
Techniques such as PEGylation and Cross-linked
Micelles have provided a solution to the body’s natural
immune clearance. These "cloaked" delivery vehicles
stay in the bloodstream longer, ensuring the drug has
sufficient time to reach its target. Safety and
Biocompatibility: Current testing protocols (ISO
10,993) and the shift toward biodegradable materials
ensure that these systems vanish naturally after their
job is done, preventing the need for surgical removal
and reducing the risk of long-term inflammation.

XIII. CONCLUSION

Smart polymers represent the "GPS" of modern
medicine. They have successfully bridged the gap
between traditional, broad-spectrum treatments and
the new era of precision medicine. By mimicking the
responsiveness of living organisms, these materials
have transformed drug delivery from a passive process
into an automated, highly controlled interaction with
the human body. While challenges remain specifically
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regarding the mechanical strength of these "soft"
materials and the complexities of large-scale
sterilization without triggering their smart functions
the potential they hold is undeniable. They are no
longer just "wrappers"; they are sophisticated tools
that enable gene therapy, facilitate the growth of new
organs in tissue engineering, and provide real-time
health monitoring through biosensors.

In conclusion, as we continue to refine the synthesis of
these intelligent macromolecules, smart polymers will
likely become the standard in global healthcare. Their
ability to take "human error" out of the equation and
provide targeted, "one-and-done" relief promises a
future where medical treatment is not only more
effective but significantly more compassionate and
convenient for the patient.
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