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ln order to intimize the clinical success and tinue lens wear. but not without the dissatisfac-
wearing experience of contac lenses tters have tions always having sslightly red eyes».
often requested of reseachers and those involved
in developing new products. lens materials and Fibroplasia: Fibloplasia is an inappropriate
care systetns which are more bioconipatable. The host response characterized by inltration and
term biocotnpatability is used broadly to imply proliferation of fibroblasts that create broplastic
tailored. deposit resistance and freedom from or hyperplastic tissue which may appear as tufts
epithelial trauma. \\"ithin the biomedical and or leashes. This is most commonly seen at 5 or 9
implatable device field a more generically ac- o‘clock in the contact lens wearer. where. due to
cepted denition of biocompatability is the abil- chronic desiccation or mechanical irritation. a
ity of a compound or device to perform a func- broplastic mounding of conitmctival tissue can
tion with an appropriate host response in a spe- form. In severe cases. the broplasia may be ac-
citic application. In contact lens clinical practice companied by a vascular leash. All broplasia is
it may be easier for the fitter to understand what undesirable. specially if it occurs in the optically
constitutes an inappropriate host response rather transparent cornea where it will compromise
than the histopathollogy of an appropriate host optical integrity:
response.

Autoimmune reactions: Autoimmune reac~
_ tions. such as those occurring due to the antigenic

hmppropnatc host msponses or mechanical stimulation of protein deposition
in Giant Papillary Conitmctivitis or the reaction

Acute inf lamination: Acute inflammation is to Staphylococcus toxins producing peripheral
an easily recognized inappropriate host response sterile ulcers are also inappropriate host responses
to contact lens wear. This inflammation maybe which are tmdesirable.
char".tcteri'1.ed by circttmcorneal injection and
chemois. diffuse hulbar coniuntival hyperenia Thu_e_ it is th¢ Obit-cm-c of d(>\'@lQper5 of Con.
Jlltl L‘hCl1lO.\"i$. [;lI$‘.li COl‘lillI1CIiO1ll congestion. Oi’ [3Q[ [(711535 ind gar‘? §y'5[Qn15 [Q dggign Lhgm in guqh
in unusually severe inflammation. episcleral in~ 3 w-Jy as to n1inj[-nizg thc potential for [hfgg imp.
\'Ol\'Clllt.‘[1l. Tilt‘ ;lClIlC i[1i‘l;ll'l1l'l1;lIiOI1 lkl)‘ bi‘ fOCi1l pf()p;|[¢ hQ§[ ff$p()n§(_'5 Qf ;1\'()id [hcm Qgrnplgtgly
OI‘ L“ffll$C dfpfdig on Iht‘ C[l()l()g§'. :\Cll[(‘ il'1- gglgcng Qgfnpgunds and fQ|'fnul;1[iQn§ [h;1[
flammation is usually or rapid onset and moder- c-nh;m¢¢ bitxvnlpambiliq-_ To -rmmmplis this R-.
'-"Y ~*'~‘\'1‘l'iI¥? quires the tmdeistanding t_hat biocompatability is

a function of molecular structure. Ideally. we
Chronic inf lamination: Chronic inflamma- would like to use materials and solutions that have

ton is the second inappropriate host response. molecular structures thar are; Free of function-_t1
This" l)'pC OI_lfl;ll'1lIll‘.lliOl1 i5 Ufl lht‘ l‘CSllll |Ol‘lg- gfgupg, ggpgblg Qf fygking an u_nd¢5i|~_1b[@ Q¢[]u_
term chemical or mechanical irritation. 'lhe on- lar response. Specifically. the amino group found
set is slow. as is the resolution even upon cessa~ insingle peptide chains which are freely available
tion of lens wear. Often. the chonic inflammation to contact ocular tissue are capable of evoking
is tnild-tomoderate. allowing the patient to con~ such a response.
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UNDESIREABLE FUNCTIONAL GROUP ADJACENTTS SUPPFOTECTION

SINGLE PEPTIDE CHAIN
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Thus, materials or solutions composed of even _

very small amounts of components with amino luugI.]S' .The:e n:.)lCcultar_LO'ls ?ffc';13prmg'hkc
. . . cus ionin 0 a acen t ss e. ' 't' t 'groups <<exposed» as in the case of single peptide mechanic Cushigmin hl R“_0nri1C“ $21“)? 0 1‘;

chains should be avoided. . . g’ Y au ‘ 3° Wc_as other vicoselastic substances have a good abil-
ity to adhere and coat material surfaces. Thus, it

Capable of Mashng Undeslrable Farm" is possible to adhere or coat <<molecular coils» or
nonal Groups‘ In the example of Collagen’ 31' material surfaces by utilizing the proper viscoelas-
though this compound is composed of sequences tic Compounds
of aminoacids and thus has free amino groups. It
IS a triple helix structure so that the groups are For the purposes of this manuscript We Wm
in_tc;'t_WinCd and masked from being in Contact utilize the concepts of biocompatability outlined
W" “55u¢- above to examine the functional requirements of

an RGP Care System and discuss how to optimize
""‘S""“° °" U"'°Es""E“B‘—E "U"‘°T'°"‘A'— GROUP F the overall contribution that the conditioning so-

lution can make to wearer satisfaction.‘w my Functional requirements of RGP con-
""*= ‘ Q ditioning solutions

Mechanically cushion the lens-cornea interface
In this configuration the masking of groups that - When placing an RGP lens on the eye, in order

are undesirable and could evoke and inappro- to en hance the wearer's comfort it is important
priate chemotactic or autoimmune host response to design a solution that cushions and mechani-
is limited. cally protects the cornea from the presence of

the lens. This is specially true in relatively mew
Capable of Offering Protection of Adjacent Tis- and unadapted wearers but is also a noticeable

sue - An example of a structure capable of offer- benefit to adapted patients during each lens in-
ing mechanical protection of adjacent tissue is the sertion. Cushioning and mechanical protection
glycosaminoglycan backbone of hyaluronic acid. are directly related to the polymer properties of
This polysaccharide derivate as well several oth- viscosity and viscoelasticity. Both properties may
ers exhibit the conformational freedom that al- be optimized by selecting components of the
lows them to form random molecular coils in 50- appropriate molecular structure and molecular
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weight. ln the laboratory both properties are di- sides being of the appropriate viscosity should be
rectly measurable by readily available instruments capable of providing viscoelasticity and lubricity
such as the (Zone/Plate Viscometer and the Rhe- I0 I116 SYSICIII»
oineter. (Ilinically however, how much viscosity
is ;|ctu;tlly requiered to enhance insertional com- "**” "M ' ’ . .

fort? To answer this question, some clinical re- RC9}? thc_1€nS surface hY?‘r°Ph11‘¢
search was performed whereby six different so-
ltitions ofviscosities, ranging from approximately II 15 W6“ known that [116 5l11'f¢‘~¢@5 of ¢°m@mP°"
l--it) centipoise (cps) were given to patients who "TY RGP “T9565 are ¢°mP°5‘3d of 3 random
were them asked to rate the comfort on an ana- fmgement Of funaional SFOUPS that rec" thelog Sum.‘ inclusion of the various monomers to achieve

specific bulk and surface properties. The inclu-
sion of organic acids, such as methacrylic acid,
and sulfoethyl methacrylate predispose the sur-

- viscosity is a very important solution property face to undefgo 6l_cCtr0sta_nc lmeracnon and hy'drogen bonding with solution components. There-
fore, the most effective way to render the surface.. d 'l"""d "l d-are significantly less preferred than solutions with hy ’°P'_“ ‘C ls to mdu e 3 posmve Y Charge hy. ._ _. . drophilic component to be attracted to the elec-somewhat highei (I5-40 cps) viscosities. . . . .trostatic sites and compounds like polyvinyl alco-

_ . _ , _ hol that can be attracted to the surface. By achiev-- optimtim preferred viscosity for handling, . b I . . 1‘$40 mg ot i interactions concurrent y, the lens sur-U“ * ‘ ' ‘ " P" face will easily be coated by a hydrophilic layer.

'l'he results indicated that:

- solutions with low viscosity (less than 5 cps)

- some additional property, as driven by the type FLUQRQSILICONE ACRYLATE $uRFAcEof viscosifier, can further enhance comfort. ‘N ”‘°°E°°s s°'*'*’T'°"'s

N

N

lt is this additional property that may be useful
in addressing, the next functional requirement. ¢p,

Icl-4, cu,
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IMechanically Protect the Lens-Lid Inter- 5’f1c (-1~ - , ll "  J

perior edge fo the lens and the upper lid. It is at
this interface that significant shear forces will be DiSiI1f€CI [116 ICHSCSapplied to the tarsal conjunctiva and potentially ’ ’he irritating. ll we can select polymeric compo- Although RGP lenses are tardy Connccmd [O

1-“ _:"‘~‘ll ilucsucc‘ ocular infections, the routine disinfection of wornIh-C u;l;m)r; i vtou e lenses is an important part of the care regimen. a~P"">l- 1" -lddllltm - If bacteria may adhere directly to lens surfaces orwe could also coat the lens surface with a poly- to deposits on lens surfaces. Thus, the rst step inmt-ric solution that lubricated the lens surface. lens disinfection is to thoroughly Clean the lens‘ byits bth l\l()l' would also tnhanct comfort. lhus. rubbing with a surfactant cleaner. The rubbing

. e: .ll1lLll y. we know that a great source of
discomfort in wearing RGP lenses may be due to
the friction that occurs at the interface ofthe sti-

l enhance comfort. the polymeric solut' )l‘l. b ‘l( e- disinfections step can be even more effective if
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performed with a combination surfactant abra- POLIETILENE OXIDE
sive cleaner as this will further enhance the fric- MOISTURE RESERVATION
tion applied to the lens surface to remove debris
and microorganisms if present. Nonetheless, the
conditioning solution must possess sufficient bio-
cidal activity to meet both regulatory, as well as,
practical disinfection standars.

Maintainig contamination - free con-
tainer ‘*

A5 imP°"am» andi P@1'haP5 WP" more imP°1'" :_:_:-;_;_;-;-1-1-}E-1---__-_-.-
tant as disinfecting lenses, the conditioning solu- 3535555535555555555555555§§§§55 55555555§5§555§5§553555555555555???

tion should be capable of resisting contamination
and rebound growth of microorganisms inadvert-
ently introduced into the bottle.

3%,
MW

The “liquid-like» surfaces provides by Pli()‘s or
PEO coated surfaces are reported to be respon-
sible for the lubricious or << slick» nature of these

Render the lens surface surfaces as Well. The flfexibLell_1ydig1tedlPE(_) chitin
- is in a constant state o mo l ity, y se ccting t ie

blocompatablg optimum chain length We can create a “dynamic
surface» through the continuous and rapid move-

Within the biomedical and implantable device mem of the ¢h;iin5_ Thus, [car protein are
fiCldS, 21 number Of biOCOmpatible polymers have <<w]1i5kcd» away or <<bca[cn» from the lens surfaces
been utilized in various applications. These in- This chain mobility and resultadi<dynamic surface»
clude ollagen and hyaluronic acid, as already men- account for Why PEO surfaces are repulsive to pro-
tkmed, as w¢|1 as Ch()nd['()i[an Sulfa“; and tein and are under development for coating on
polyethhyléne OXid¢_ If W6 examine the proper. heart valves, vascular shunts, and urinary cath-
tics of polyethylene Oxide in depth, a number of eters where deposition of protein would be quite
surface properties that are potentially beneficial demmem“l-
for contact lens and care system applications be- F'°'-*ET*LE"'E °"'°E

CHAIN MOBILITY

Polyethylene oxide (PEO) has a fairly simple xv]
structure that can be represented by the follow- Q
mg; T; r \‘r \‘ scow si_ow w

-4 Y’ \‘ r r “
(CH2 - CH1-O)“ ' V %

I-ENS ='vPFA¢-'5 ____; *g 
By tailoring the chain length (n=number of

Units) PEO3 haw been l'CP0"¢d to Provide mois‘ Finally, by arriving at the appropriate chain
ture preservation (humcctant) characteristic and length and distribution of PEO chains it is possible
are actually considered to provide <<liquid-like» to create a surface that effectively mimics the epi-
surfaces due to the hydrophilic nature of the thelial microvilli through the creation of “molecu-
ChainS_ lar cilia».
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When designing RGP care system components,
it would be ideal if the compound could provide
both a PEO-like interface and a hyaluronic acid-

- like protective cushion.

~r»=;: \"=;/ \“? \ This would ~biocompatabilize» the condition-
ing solution and prode a clinically comfortable

' ‘Q wearing experience from insertion through
LS “$0 longer term wear.

""""_"“‘“““““““‘““‘““‘“ In summary. for a targeted approach to
Thus. it is proposed. that the Pl-IO interface is 6nchf".‘Citt‘g wcamr comfom Fhc design Oh" RGP

hiocompatible because it creates liquid-like sur- umdmomng Soluuon Shogldmdudt .C0mpOPemS
faces that are dvnamic (in a constant state of mo\'e- that are Ca_pablC of "““¥'?g an Opm_mflm mscp
ment). repulsire to undesired proteins. and ca- Pom‘ Cushmn‘ a hydmphmc and lubnuous Com"
pable of mimicking epithelial microvilli for de- mg 0'? the lens and 3 Surmm Capablc 0" rpcnmg
sired protein absorption. P"°"5m~


