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Introduction:
“Hydrophilic” coatings exhibit “water loving” charac-
teristics.  Chemically, this means they participate in
dynamic hydrogen bonding with surrounding water.
In most cases, hydrophilic coatings are also ionic,
usually negatively charged, which further facilitates
aqueous interactions.  Physically, these chemical
interactions with water give rise to hydrogel materials
that may exhibit extremely low coefficients of fric-
tion.  Taken together, these chemical and physical
characteristics describe a class of materials that are
wettable, lubricious, and suitable for tailored biologi-
cal interactions.
      “Lubricity” is a property that describes how
slippery a surface is, i.e. the value of its coefficient 
of friction.  Disposable medical devices such as
catheters and guidewires benefit from this type of
slippery surface treatment because it reduces the
insertion force and allows them to traverse the vascu-
lature more easily, avoiding possible puncture
damage to vessel walls and severe abrasion between
the device surface and the vessel walls.  Common
guidewires such as the Terumo Glidewire® are well-
known to employ hydrophilic coatings for this pur-
pose.  An added benefit of a hydrophilic coating is its
potential to reduce or eliminate thrombosis when a
catheter or guidewire is used.

      In the field of ophthalmology, intraocular lenses
(IOL’s) are small devices used as replacements for
the eye’s natural lens in cases where it has experi-
enced degradation from age or trauma.  Delivery
cartridges used to place IOL’s must employ slippery
surfaces to reduce damage to the IOL as it is injected
in through the cartridge into a small incision before
unfolding spontaneously within the eye.  The lubri-

cious coating in the cartridge also has the benefit of
reducing the mechanical force on the cartridge mate-
rial, which reduces the incidence of a catastrophic
bursting of the cartridge during IOL injection.
The use of such coatings has permitted a substantial
reduction in the incision size with attendant improve-
ments in patient recovery time.  Major ophthalmologic
device companies such as Alcon®, Bausch & Lomb,
Abbott Medical Optics, and Hoya Medical all employ
coatings on IOL cartridges to achieve these objectives.
      The ability to wet evenly with water is another
useful property possessed by hydrophilic coatings
used in medical devices.  For in vivo medical devices
that use optically clear surfaces as lenses or windows,
the clear surface often fogs up.  The remedy is using
a hydrophilic coating to allow ambient microscopic
droplets of water to spread over the surface evenly,
forming a monolayer of water that is optically clear
like the lens material.  Diagnostic devices, such as
glucose meters, often require a film whereby a liquid
sample is spread evenly over it to be inserted into a
reader.  For the same reasons as optically clear
surfaces, hydrophilic coatings can help with these
applications, allowing the aqueous sample to spread
evenly over the film.
      Hydrophilic coatings also find use in more
advanced applications, such as drug delivery and surfaces
for targeted biological interactions.  However, usage
in drug delivery and other advanced applications
requires detailed review.  For any given new coating
and any given drug, the combination must be tested.
Chemical interactions between coatings and drugs are
not constant, and reflect the functional groups,
charges, and concentrations among the constituents.
Nevertheless, once application specifics are resolved,
hydrophilic coatings can be utilized for delivering
antibiotics and other active pharmaceutical ingredi-
ents (API’s). In certain applications, a benefit may be
to incorporate functionalized biomolecules which can
interact with tissue in a directed fashion.
      This article discusses the major issues and choices
regarding incorporating hydrophilic coatings into
medical device projects.  There are three areas of
discussion:  understanding applications, vendor
selection, and costs of processing.
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Understanding a Hydrophilic Coating
Application
Whether a device will benefit from a hydrophilic
coating or not requires an understanding of the device
application.  There are several key pieces of informa-
tion to collect.  First, it is important to be familiar
with all materials used in the device, particularly
those on which the coating will be applied, as well as
the environmental conditions in which the device
is manufactured, sterilized, stored, and used.  Next,
it is important to understand the extent to which the
device will interact with biological tissues.  In most
medical applications, the device will require steriliza-
tion before use, and therefore, the parameters for 
sterilization and their effects on the device must also
be understood.  Developers should establish what
effects the environment of use maybe be expected to
have on the hydrophilic coating, and from there, the
required durability of the coating.  Finally, how much
of the surface of the device needs to be coated to provide
the required device function while providing the ben-
efits of a hydrophilic coating.
      Device materials and the types of additives used
in them can have profound effects on coating adhe-
sion and durability.  Depending on the substrate, a
hydrophilic coating may adhere tightly or not at all.
Even within a particular class of substrate, adhesion
may vary according to a manufacturer’s proprietary
additive package, processing conditions, or post-pro-
cessing treatment.  Because of such material variabili-
ty, it is difficult establishing a generalized set of rules
governing coating adhesion.  Each hydrophilic coat-
ing vendor will have some substrates for which its
coating works well, other substrates which require
special treatment, and still others to which the coating
cannot adhere.  For instance, one vendor may have a
hydrophilic coating that adheres to polyurethane
without difficulty, whereas another vendor’s coating
may not adhere to that substrate whatsoever.  Those
two vendors may have the situation reversed for
nylon.  A common “rule of thumb” dictates that if a
plastic substrate contains chemical groups containing
oxygen or nitrogen, then hydrophilic coatings can be
prepared which can bond either through non-covalent
or covalent bonds to that plastic, depending on the
coating reagents used.  In some cases, either from
inherent chemical structures or surface modification,

plastics or metal surfaces may contain reactive groups
such as –OH or –NH that would allow a variety of
chemistries to be employed to covalently attach the
hydrophilic coating to the surface.  If the polymer has
no such functional groups, as is the case with poly-
ethylene, polypropylene, and others, then plasma or
coronal treatments may be used to temporarily func-
tionalize the surfaces to get the coatings to stick.
However, even in these cases, the treatments are
often temporary and the coating must be applied
within hours to days after the surface treatment.
Covalent attachment between the coating and substrate
is often touted as the desirable outcome of a coating
process; however, it is often difficult to achieve
significant covalent bonding in practice. Fortunately,
it is not necessary for good adhesion: a multiplicity 
of non-covalent bonds may result in bonding that is
as strong or stronger than a covalent bond.  In fact,
some of the best adhesives known in the world are
based on cyanoacrylates which adhere mostly
through polar, hydrogen, and van der Waals bonding
and mechanical interactions, with no covalent bond-
ing to the substrate.  Specific substrate-coating com-
binations must be tested on a case-by-case basis
against the application to determine which surface
treatments are suitable.
      Perhaps more important than material interactions
between coating and substrate are the chemical,
environmental, and mechanical stresses that the
device will experience at various stages of its life
cycle.  As a first step, does the coated device survive
the abrasion conditions between the coated surface
and any adjacent surfaces, such as tissues or other
devices encountered during its use?  How many
cycles of abrasion will occur?  How hard will the
device press against the opposing surface(s)?
Answers to these questions will determine durability
requirements of the lubricious coating in its end-use
environment, i.e. the number of cycles to coating failure.  
      Another consideration is the effect of the chosen
sterilization method on the coating.  For some
sterilization methods, a single sterilization cycle may
damage the coating and render it useless.  In fact, all
types of sterilization (ethylene oxide, gamma irradi-
ation, e-beam, hydrogen peroxide vapor, autoclaving,
etc.) may damage polymers, and hydrophilic polymer
coatings are no exception to this.  To determine
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whether a coating is compatible with a sterilization
method, designers need to think about the application
and the sterilization type together.  For example, if a
single-use needle with a hydrophilic coating needs to
be sterilized in an autoclave and the application calls
for a single insertion of the needle into the vascula-
ture, after which it is removed a few minutes later,
there is a decent chance that a given vendor’s
hydrophilic coating will be suitable for that applica-
tion, even though it is known to degrade severely
with autoclaving.  Enough of the coating will remain
after autoclaving to lubricate the needle for one cycle.
On the other hand, if the application is a guidewire
used in coronary artery catheterizations, and during
usage it may see many passes of a hard, microscopi-
cally rough, hydrophobic plastic catheter  over its
surface through tortuous vasculature, there is a great-
ly decreased chance that autoclaving will work in that
application.  Not enough coating will remain on the
guidewire to keep it lubricous through the procedure.
      Engineers should also consider the temperature,
UV light exposure, and humidity of storage condi-
tions for coated devices.  High humidity, UV light,
and temperature can accelerate the degradation of
many hydrophilic coatings, although adjustments to
packaging can often help remedy these risks.  Once
the device is removed from the package, a host of
other environmental considerations come into play.
Again, temperature and humidity ranges seen in
the application are important, as well as the pH
of fluids to which the coated surfaces are exposed.  In
some cases, a device is cleaned with harsh chemicals
before or after use, hence the effects of all cleaning
agents on the hydrophilic polymer surface need
to be considered.  
      Another crucial consideration is whether the
device is disposable or reusable.  Multiple cleaning
and usage cycles may be detrimental to a given coat-
ing, where a single disposable use may be more suit-
able.  Multiple usage cycles often include multiple
sterilizations, which can also present opportunities
for unwanted coating degradation.  

Hydrophilic Coating Vendor Selection
Once the basic parameters of a coating application
are understood and the product requirements are writ-
ten, choosing a hydrophilic vendor becomes a priority.

Every vendor possesses unique core competencies
and abilities.  Aside from specializing in different
areas of Chemistry, coatings vendors approach their
craft differently.  (See Table 1.)  Some simply qualify
existing industrial chemicals for use on medical
devices, formulate those chemicals and do limited
testing to establish that the formulation is hydrophilic
and feels lubricious when applied to a test specimen
and make the formulation available to potential cus-
tomers to do their own development and testing.
Other vendors manufacture coating solutions from
basic raw materials, apply the coating to a company’s
device, evaluate whether the hydrophilic coating
performs as the customer wishes, and works closely
with the company to transfer the technology to a
chosen manufacturing site.  To fairly evaluate these
differences, potential coatings clients should ask
pointed questions to a number of vendors.  These
questions should focus on the coating processes,
equipment, throughput, quality systems, and compliance
with international standards such as ISO.
      Hydrophilic coatings may be applied to surfaces
in a number of ways.  Dip coating is seen most often.
This process entails suspending an article from a
support and lowering it into a liquid coating solution
and then withdrawing it at a known speed.  Coating
will stick to the surface as the article is drawn up and
out of the solution.  Alternatively, spray coating is
used for some applications.  Spray coating is akin to
airbrushing, where a nebulized mist is sprayed over a
surface.  Film coating is another type of process, seen
mainly in long rolls of material, whereby the roll is
drawn from reel to reel through a tank of coating
solution and a curing area.  Lesser used processes for
hydrophilic coatings may include chemical vapor
deposition, and even silk screening for flat surfaces.
The type of process dictates the kind of equipment
necessary.  
      Within most coating processes there is a dry-
ing/curing step.  The two major methods for curing
hydrophilic coatings are heat and ultraviolet light
(UV).  In a heat cured system, coated items are
placed in an oven for a certain time.  Controlled
heating accelerates drying of the solvent and any
necessary chemical reactions taking place within the
coating that allow it to stick to the surface and give it
durability.  In many cases, heat cured coatings
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become crosslinked.  In UV cured systems, the coated
items are exposed to UV light instead of heat for a
period of time, which also has the effect of stimulat-
ing any necessary chemical reactions for curing but
has no effect on solvent evaporation.  As part of
vendor evaluation, a prospective coating client should
determine those conditions.  What is the curing
temperature, if any?  How long is the exposure time
for UV light or heat?  How many layers must be
applied to obtain the desired performance?
Additionally, clients should understand that these
reactions are facilitated by additives in the coating.
While most hydrophilic coating vendors will not
disclose the exact nature of their additives, they will

give information on
their general chem-
istry and toxicity.
For UV cured coat-
ings, the additives
produce the function-
ality that allows
crosslinking under UV
light; these materials
are sometimes known
to be toxic.  After
most coating processes,

additives and functional materials that are not bound
to the surface must be rinsed out or otherwise
removed, and this removal process is important for
clients to understand.  In addition to catalyst residues,

the materials that must be removed include surfac-
tants present in small amounts, which are used to
facilitate wetting of a hydrophobic surface with a
hydrophilic liquid coating solution.  Surfactants are
also known to perforate cellular membranes through
interaction with biological lipids, and must therefore
be either rinsed out or left behind in quantities so low
as to not cause cytotoxicity.  
      Once it is known whether the vendor uses a heat
or UV cured system, and whether the system is a dip
coat, spray or other kind, considerations for manufac-
turing come into play.  Overall, coating equipment
breaks down into three groups:  application equipment,
curing equipment, and post-processing equipment.
Application equipment is specific to how the coating
is first applied.  For example, dipping machinery can
be custom made to order.  Differences in dipping
equipment are not dependent so much on the curing
system as the physical characteristics of the devices
to be coated (i.e. length, diameter, and other dimen-
sions.)  Is the outer diameter (OD) or inner diameter
(ID) receiving a coating?  Is that question applicable
to the device, or is there some other surface or geom-
etry present?  After applying the coating, it must be
cured.  Considerable curing equipment differences
exist between vendors.  A heat cured system requires
an oven, whereas UV cured systems require UV
lighting systems.  Generally, heat cured systems are
more suited to coating ID’s than UV cured systems
because it is difficult to get dependable intensities of
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Company Name Curing Type Material Type

Advansource Biomaterials Heat (for drying) Polyurethane resin

AST Products Heat Polyvinylpyrrolidone (PVP)

Biocoat Heat Hyaluronic acid, poly acrylate

Coatings2Go Heat PVP

DSM UV Polyurethane, poly acrylate

Harland Medical Systems UV Polyurethane, poly acrylate

Hydromer Heat Polyurethane

PolyBioMed (Bayer) Heat and other Polyurethane

Surface Solutions Group Heat PVP

Surmodics UV PVP

Table 1.  Major Companies Offering Hydrophilic Coatings via Licensing or Other Models



light to shine evenly over an inner surface, especially
if the material is opaque or small diameter.  UV
cured systems tend to have shorter cure times, and for
small throughput systems with appropriate geometry
they can be more efficient.  Finally, post processing
equipment includes all items necessary for wash-
ing and sterilization.  Usually, water requirements
for rinsing coatings are not too stringent.  Devices are
rinsed before packaging and sterilization, so bottled
distilled water can suffice.  It is important to pay
attention to the nature of the distilled, bottled water;
many water suppliers add salts back into purified

drinking water to improve taste.  While salts may not
harm the coating, they will leave a salt residue in the
coating that may not be desirable.  If a manufacturer
is concerned, a water system with Reverse Osmosis
and nano-filtering might be in order, but this is probably
overkill.  Drying newly coated items may be possible
at room temperature, depending upon the boiling
point of the solvent used for the coating, but may also
be accelerated at slightly elevated temperatures.
If the accelerated method is chosen, that will add to
the list of equipment requirements.
      Various combinations of equipment can be inserted
into a process to influence throughput.  Controlling
the number of devices coated per day is dependent on
the type of curing step used.  Consider the case of a
batch process that uses an oven.  The oven size can
be increased as much as necessary for minimal cost,
and an oven can be made to fit hundreds of objects at
once.  If a single oven fits 200 objects, 5 objects are
coated at a time with a 2-minute dipping cycle,  and
the entire curing process takes 2 hours plus 40 minutes
for dipping 200 objects 5 at a time, the throughput
rate is 75 objects per hour.  If a UV cure system can
dip and cure 5 objects at a time, and each dip-
ping/curing cycle is 5 minutes, the throughput of this
step is 60 objects per hour.  To increase this, multiple
UV machines would need to be added, for additional
cost.  Throughput is also influenced by all the other
steps in the process as well.  For instance, some
hydrophilic coatings, may call for multiple dip cycles
before a thick enough coating is applied.  Many coat-
ing systems require two layers of coating: a base coat
to prime the surface, and a top coat which actually
has the hydrophilic properties.  Other systems may
be “single coat” systems, but might require multiple
dipping cycles in that single coating solution to get a
thick enough coating.  It is essential to map out the
entire coating process specific and required equip-
ment at each step before considering a commitment
to a vendor for these reasons.  
     Regulatory challenges are another equally
important consideration when looking at multiple
coating vendors.  It is important to note that in the
United States, the FDA does not approve materials
for use, but instead it approves material-device
combinations for use in specific indications.  Thus, 
it is not appropriate to ask a vendor if its coating is
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approved by a regulatory body, but rather the proper
question to ask is whether the coating has been
approved for use on any other medical devices
currently on the market.  In most cases, the coating
vendor will have a Master File with the USA FDA
which can serve as a reference point for the FDA’s
questions.  Other nations have their own versions of
this document to varying degrees.  Even if a vendor
has such a document, however, it does not mean the
client is exempt from basic biocompatibility or clini-
cal testing.  The testing done by a coating vendor is
only a starting point, and regulatory bodies will near-
ly always want to see what happens when the coating
and the client’s device are tested in combination,
which means that the client will need to pay for this
process and add in the time to complete this testing to
overall product development timelines.

Costs of Processing
When first proposing a project to a vendor, it is diffi-
cult to determine a cost of coating immediately.
Inquiring engineers seeking a quote that covers the
entire breadth of development and manufacturing of
their coated device must consider the complexity of
the coating process.  Costs are difficult to determine
because every device has unique details and likely
will require a brand new unique process to coat it.
Even two seemingly identical devices from two dif-
ferent companies, like two 20-cm long 2 Fr catheters,
for instance, will have differences that become
important, like material composition or coated length.
Only through complete analysis of the device, intend-
ed use, and situation by the coating vendor and client
can a cost be ascertained over the development cycle.
Major items that affect cost are whether or not the
client will perform coating in-house or via a third
party manufacturer, the volume of planned production
and rate of production ramp up, and how far along
the client is in its device development process before
deciding that a coating is needed.
      Deciding whether to license or outsource the coat-
ing process is a key decision that impacts final cost.
In the case of a license, a client pays the coating vendor
a license fee once the decision is made to go ahead
with the coating on its devices, and later a royalty
once the products begin selling on the market.  Some
coating vendors also require minimum royalties or

“development payments”.  Clients interviewing dif-
ferent vendors should sort out those costs.  Not all
vendors have the same price structure.  Additionally,
once the license is set up, the client will usually also
buy the coating solutions and reagents from the
vendor as a supplemental cost.  In return for these
fees, the client should receive design help with its
process, as well as tech support on the process for the
life of the license.  A license from a responsive
coating vendor can facilitate problem solving and
troubleshooting.  The other advantage to bringing
production in-house via licensing is that the client has
complete visibility over its quality assurance and
quality control.  This is not the case with the other
alternative, outsourcing.  In that method, the client
employs a third party manufacturer to put the coating
on its devices.  The client does not pay the coating
vendor a license fee, royalty, or any other fee for services
or coating solutions.  Instead, the client pays the contract
manufacturer a negotiated flat fee per piece, and the
contractor passes its own licensing costs down to the
customer.  The contractor also may create the manu-
facturing process, and ideally the contractor will
already have some experience coating a particular
kind of device which can be applied directly.  It is
likely that the client will need to pay the contractor
the cost of setting up and validating the process for its
devices.  In the end, this may cost as much as a
license fee.  Some contractors might choose to waive
it all together if the prospect is for profit in the future.
When working with contractors, it is also important
to determine in advance who will own the manufac-
turing process how and that ownership may be trans-
ferred if the client ever decides to bring the process
in-house.
      Another variable that affects cost is the volume of
production and how that production will change from
year to year.  Clients that only seek to make several
hundred coated units per year are not considered good
prospects for most contractors and coating vendors.
Unless these several hundred devices represent high
dollar items and will command economically viable
royalties on the coating, there are not many ways for
coating vendors and contractors to profitably manage
such projects.  Conversely, a client that wants to coat
several hundred devices per year with a low cost of
goods may want to reconsider paying as much as ten
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times that amount to coat a single device.  Unless the
addition of a coating brings significant product
improvement and value, the cost of coating may not
make economic sense.  Small production volumes
are not too much of a problem if the ramping up rate
is high.  Production rates that start out tiny and
increase year over year by orders of magnitude are
attractive if they can be managed. However, ramp-
up brings its own challenges.  Will more machines
need to be added to the production floor, or will the
customer start out with a large machine that initial-
ly has a large amount of excess capacity?
      Decisions on production are always easier and
clearer if they are made early in the design process.
In general, the further along a device company is
with a project when the decision is made to use a
coating, the worse off it is.  Hydrophilic coatings are
too often perceived as an afterthought, when in reality
they are a sophisticated addition to any manufactur-
ing process.  Companies that are in the midst of clinical
trials that decide at that point to add a coating to their
project might delay the release of the device by a
year or longer.  For example, an accelerated aging
study on a hydrophilic coated item can take four
months alone depending on the intended shelf-life.
Add to that the time required for acquisition, installa-
tion, operation qualification, and process validation
for the coating equipment, and a one year extension
of the timeline is actually quite modest.

Do’s and Don’t’s of Hydrophilic Coatings
This article has attempted to explain the process of
researching and selecting a hydrophilic coating and
vendor.  Subject matter has focused on understanding
device applications, issues surrounding vendors and
manufacturing, and the difficulties associated with
determining costs.  To sum up the information neatly,
Table 2 lists the “Do’s and Don’t’s” of hydrophilic
coatings for those interested in finding and utilizing
such a benefit on a future device.
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Table 2.  Do’s and Don’t’s 
of Hydrophilic Coatings

Do’s
Start Early – Design the coating into the device from
the earliest stages of development.
Decide on manufacturing early – Determine whether
the company will contract a third party manufacturer,
bring the manufacturing in-house, or some hybrid
thereof.
Have a good estimate on volume of production –
Know how many parts should be coated in the first
year or production, and if possible, for years 2 and 3.
Account for extra time to develop the coating process
– Figure at least one year total into your project time-
line for coating process development, verification test-
ing of the coated device, and validation of the manu-
facturing process.
Decide early on the coating – Figure out as early as
possible if an “off the shelf” coating is needed or if a
new coating must be developed.
Account for development costs – If the device requires
a new coating, figure in at least $100,000 for coating
development costs in the first year.

Don’ts
Decide on a coating late in the project – If the device
is in clinical trials, it is too late to add a coating into
the project without creating severe delays of a year or
more.
Believe that there is a ready-made process somewhere
– Processes that are ready for putting a hydrophilic
coating on your device as if it were a commodity do
not exist.
Ask a vendor for a bottle of solution to put on your
device to sell the next day – Vendors protect their
coatings solutions with IP, trade secrets, and other
safeguards.  There will be a process for obtaining
materials for research.
Try to coat something due for market release in 6
months – The basic tests necessary to verify a coating
and validate a coating process take longer than this.
Try to obtain a coating without worrying about manu-
facturing costs and setup – There are extensive factors
that go into determining costs, all of which are not
obvious at the beginning of a project.
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