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Background of the Invention

[0010] In the human eye, the tear film covering the ocular surfaces is composed of

three layers. The innermost layer in contact with the ocular surface is the mucus layer.
The mucus layer is comprised of many mucins. The middle layer comprising the bulk of
the tear film is the aqueous layer. The aqueous layer is important in that it provides a
protective layer and lubrication to prevent dryness of the eye. Dryness of the eye can
cause symptoms such as itchiness, burning, and irritation, which can result in discomfort.
The outermost layer is comprised of many lipids known as “meibum” or “sebum.” This
outermost lipid layer is very thin, typically less than 250 nm in thickness. The lipid layer
provides a protective coating over the aqueous and mucus layers to limit the rate at which
these underlying layers evaporate. A higher rate of evaporation of the aqueous layer can
cause dryness of the eye. Thus, if the lipid layer is not sufficient to limit the rate of
evaporation of the aqueous layer, dryness of the eye may result. The lipid layer also
lubricates the eyelid during blinking, which prevents dry eye. Dryness of the eye is a
recognized ocular disease, which is generally known as “dry eye.” If the lipid layer can
be improved, the rate of evaporation is decreased, lubrication is improved, and partial or
complete relief of the dry eye state is achieved.

[0011] The sebum that forms the outermost lipid layer is secreted by meibomian
glands 10 of the eye, as illustrated in Figures 1-3 of this application. The meibomian
glands are enlarged, specialized sebaceous-type glands (hence, the use of “sebum” to
describe the secretion) located on both the upper eyelid 12 and lower eyelid 14. The

meibomian glands contain orifices 16 that are designed to discharge lipid secretions onto
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the duct 18. Along the length of the central duct 18 are multiple lateral out-pouching
structures 20, termed acini, where the secretion of the gland is manufactured. The inner
lining of each acinus 20 differs from the main central duct 18 in that these specialized
cells provide the secretions of the meibomian gland. The secretions flow from each
acinus 20 to the duct 18.

[0012] While it has not been established with certainty, there appears to be a valve
system between each acinus 20 and the central duct 18 to retain the secretion until it is
required, at which time it is discharged into the central duct 18. The meibomian secretion
is then stored in the central duct 18 and is released through the orifice of each gland onto
the lid margin. Blinking and the squeezing action of the muscle of Riolan surrounding
the meibomian glands 10 are thought to be the primary mechanism to open the orifice for
the release of secretion from the meibomian gland 10. Blinking causes the upper lid 12
to pull a sheet of the lipids secreted by the meibomian glands 10 over the other two layers
of the tear film, thus forming a type of protective coating which limits the rate at which
the underlying layers evaporate. Thus, a defective lipid layer or an insufficient quantity
of such lipids can result in accelerated evaporation of the aqueous layer which, in turn,
causes symptoms such as itchiness, burning, irritation, and dryness, which are
collectively referred to as “dry eye.”

[0013] Various treatment modalities have been developed to treat the dry eye
condition. These modalities include drops, which are intended to replicate and replace
the natural aqueous tear film and pharmaceuticals which are intended to stimulate the tear
producing cells. For example, eye drops such as Refresh Endura™, Soothe™, and
Systane™ brand eye drops are designed to closely replicate the naturally occurring
healthy tear film. However, their use and administration are merely a treatment of

symptoms and not of the underlying cause. Further, the use of aqueous drops is generally
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[001en Tieklishesbwélattat liniecthntietepiiaidifidR @ valdedry eye disease.
The various different medical conditions and damage to the eye and the relationship of
the lipid layer to those conditions are reviewed in Surv Opthalmol 52:369-374, 2007. It
is clear that the lipid layer condition has the greatest effect on dry eye disease when
compared to the aqueous layer or other causes. Thus, while dry eye states have many
etiologies, the inability of the meibomian gland 10 to sufficiently generate the lipid layer
is a common cause of common dry eye state. This state is the condition known as
“meibomian gland dysfunction” (MGD). MGD is a disorder where the meibomian
glands 10 are obstructed or occluded. Figure 3 illustrates an example of such

obstructions 22, 24 or occlusions 22, 24. Plug obstructions 22 can occur in the orifice 16
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acini’s junction 20 with the central duct 18. Such obstructions 22, 24 compromise the
secretory functions of the individual meibomian glands 10. More particularly, these
keratotic obstructions may be associated with or result in various combinations of
bacteria, sebaceous ground substance, dead, and/or desquamated epithelial cells (see,
Meibomian Gland Dysfunction and Contact Lens Intolerance, Journal of the Optometric
Association, Vol. 51, No. 3, Korb et al., (1980), pp. 243-51).

[0019] Hormonal changes, which occur during menopause and particularly changing
estrogen levels, can result in thickening of the oils secreted by the meibomian glands 10.
This may result in clogged gland orifices. Further, decreased estrogen levels may also
enhance conditions under which staphylococcal bacteria can proliferate. This can cause
migration of the bacteria into the glands 10 compromising glandular function and further
contributing to occlusion, thus resulting in a decreased secretion rate of the meibomian
gland 10.

[0020] When the flow of secretions from the meibomian gland 10 is restricted due to
the existence of an occlusion 22, 24, cells on the eyelid margin have been observed to
grow over the gland orifice 16. This may further restrict sebum flow and exacerbate a

dry eye condition. Additional factors may also cause or exacerbate meibomian gland



suggested to treat meibomian gland dysfunction. One such treatment is
disclosed in U.S. Patent Application Publication No. 2003/0114426

WQ AR ethod for Treating Meibomian Gland Disease," U. LA HEAMIYE51309
6,455,583 entitled "Method for Treatﬁlg Meibomian Gland Disease" to
Pflugfelder et aI and PCT Publication Application No. WO 99/58131
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present. For example, meibomitis, an inflammation of the meibomian glands 10, can lead
to MGD. Meibomitis may also be accompanied by blepharitis (inflammation of the lids).
While meibomitis is obvious by inspection of the external lids, MGD may not be obvious
even when examined with the magnification of the slit-lamp biomicroscope. This is
because there may not be external signs or the external signs may be so minimal that they
are overlooked. The external signs of MGD without obvious lid inflammation may be
limited to subtle alterations of the meibomian gland orifices 16, overgrowth of epithelium
over the orifices 16, and pouting of the orifices 16 of the glands 10 with congealed
material acting as obstructions. In severe instances of MGD without obvious lid
inflammation, the changes may be obvious, including serrated or undulated lid margins,
orifice recession and more obvious overgrowth of epithelium over the orifices 16, and

pouting of the orifices 16.



5 of the central duct 18. Alternatively, obstructions and occlusions 22, 24
can occur that block particular acinus 20. The obstructions or occlusions
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Summary of the Detailed Description
[0025] One embodiment of the present invention includes the breakthrough and

previously unknown method of applying heat to the inner surface of the eyelid to treat
dry eye caused by meibomian gland dysfunction (MGD). Applying heat to the inside of
the eyelid can effectively and efficiently raise the temperature at the meibomian glands to
a temperature sufficient to melt, loosen, or soften more serious occlusions or obstructions
in the meibomian glands. The occlusions or obstructions can then be physically
expressed to improve sebum flow from the meibomian glands to reduce evaporation of

the aqueous layer.
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channel 18. [0024] While the present state of the art provides a number of

treatments for dry eye, there is a need to treat the underlying cause, as
WQRHSASA3ET the symptom. Many patients suffer from dry eye £EA/HSIMBEF1309

obstructions or occlusions in the meiBomian glands. Thus, a need exists

to provide effective treatment of the meibomian glands to restore a
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softening points of obstructions or occlusions. Applying heat to the inside of the eyelid
can also include applying heat to the meibomian glands orifices that are located at the
inner surface of the eyelid at the lid margin. The orifices may also be obstructed or
occluded. The application of heat to the inside of the eyelid and proximate or directly to
the meibomian glands orifices may also prove instrumental in restoring sufficient sebum
flow for the lipid layer. When the term or phrase applying heat to the “inside” or “inner
surface” of the eyelid is referenced in this application, such also encompasses the

application of heat to the meibomian glands orifices.



[0027]Until the present application, it was only known to apply heat to the
outside of the eyelid to treat meibomian gland dysfunction (MGD). Medical

W P8H848B3als would have thought it counterintuitive to apply K& H2#8/051309
inside of the eyelid. It was thought tH&t applying heat to the inside of the
eyelid would risk damage to the eyelid or the eyeball itself. Previous
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[Oomrtlcdiadydhmbadmﬁbnal thenjpiitthtiynagfiost tiiagl Ilb@r@lﬂﬂhdniag(ﬂlated heat
can f%% § {ﬁ @Ies It was dl%ﬁ red that heat cou %P lied to the il
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increased temperatures are applie orter periods of time. structions or
occlusions in the meibomian glands may have melting, loosening, or softening points that
are beyond temperatures that may be applied without the use of modulated heat. The
temperature needed to melt, loosen, or soften obstructions or occlusions may depend on
how keratinized the obstruction or occlusion is. Not all obstructions or occlusions have
the same melting, loosening, or softening points.
[0034] By example only, elevated temperatures between 45 and 55 degrees Celsius
may be possible when applying regulated heat, especially if the eyelid has been

anesthetized. However, heat should always be applied to the eyelid at temperatures that



[0030]While not limiting to the present invention, the ability to effectively
and more efficiently raise the temperature at the meibomian glands by
WQ MR REat to the inside or inner surface of the eyelid may Prd{AS2008/051309
instrumental in reaching the melting,lfbbosening, or softening points of
obstructions or occlusions. Applying heat to the inside of the eyelid can
alsa include lying heat to the meibomian glands.orifices that are .
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response of the patient as well as whether damage will occur to the
WA BYelid and/or surrounding tissues. Depending on thePS&YR§P#PS1309

the patient's MGD or the patient's pal8 tolerance, elevated temperatures

may be used with patients on an individualized basis when applying heat.
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may %H‘H fiféd at a therapeutic temperature for a treatment period. The
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heat co also be repeatedl li intained for a desired perlod
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mellﬁﬁﬁﬁﬂh @aﬂj@@c&itbﬁfg&bﬂl?@pgé@fﬁ%[ﬂﬁﬁhdffﬁ?@?@ﬂh@ﬁf@ﬁiﬁ%@ﬁ@@glands

mecC res, N of lipids and other fluids from the meibomian
PGS B R T CRH T S PR A0 PRENGRDE LSS BAHESH ALfte
Cons¥rhgim phmdm@ﬁym@ﬁmmﬁﬁme(byew farack gudkingtelatehi@ipplicd

bipding solids together 371In one embodiment, after expression of
thro B A A O ARt oSBT A ARSI D AL R e 2

ofterb@deh Biaylbipepréscdnvaitiomiargianddaapramacihe free flow of
n of the eye or

oot s o provent amaton o Ml o e et
eyelidf drw&yﬁs‘byﬂhdéﬁmecaﬂ)aﬁédﬁhwﬁ%&%&Qcﬁﬁ&%&(ﬁtﬂdtﬁ@%ﬂaﬁf&pﬂvw in the
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the eyelid produces convective heat losses. The blood flow serves as a natural “heat
sink” provided by the body. Convective heat loss is lessened when applying heat to the
inside of the eyelid than when applying heat to the outside of the eyelid. This is because
fewer blood vessels are located between the meibomian glands and the inside of the
eyelid than the outside of the eyelid. The meibomian glands are located closer to the
inside of the eyelid. However, convective heat loss still occurs when heating the inside
of the eyelid. However, it was discovered that if the blood flow was reduced, convective
heat losses could be minimized allowing for temperatures to be attained and sustained at

the meibomian glands in an even more efficient manner and in less time.



WO 2008/089327PCT/US2008/051309 12 be utilized include, but are not

limited to: antibiotics such as topical or oral tetracycline and chemically
WOor9BH B3 etracycline, testosterone, topical or oral corticosterdifi3/YoH18&P51309

androgens or androgen analogues, dfega 3 fatty acid compounds such

as fish oils, Laennec, enzymes that promote lipid production, agents that

nul roducti fen s that promote lipid production, and/or any
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agents, but those. skilled in the art will.a iate that other
morg R R KRR AL AR R h O T A oA glond doiode
eyelidastasisdeyctosptisiabeh) |dhstaedisessed ptovwte production of the tear
may.also be %g)lie({iﬁlore effectiyely after treating.the

[00 PO enlt 1 ce ¢ e transfe
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conserving the aqueous layer, Conservation .qf the.aqueous layer reduces
s S e
seveTdd bentdns. cOonprssioagpriadaayt tes ticve to Waitlstdatia®iieappliathus
emplaying the present invention tp treat a patijent's MOD. [0040]In the
mal g e T e S R B h OB R P G e
“squeyadiduil’ wiapadiotslischvaethibalf chnvpelivve iert lasaicrosepic tsuihness of
i b gﬁl flow in the blo?%_rv ssels located .insi%e the e%elid. Bloogglow
skiny TG BraRE SLs ald 1S s A IHET S S FARE R Fysidineeaseh st at
conthes besvddnetiidred:floutseavdstassarftaiiodithbegtBihivpivigadRydhie heat
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and the inside of the eyelid than the outside of the eyelid. The meibomian
v AT R P LA e R L L0 oM BB e
tempeeatiosmalfbectisinadhkn hesting Haednsidewiséhrayebaikidysvettained
. was discovered that if the blood flow was reduced, convective heat losses
wsing 8 RO SR B rGPHSF DB CREIIS 1 LRI S Xy 1
the egulitbinefictdhe ostberiy furglandmipraselaminarhetielkabirarechcnd
transI erl?ss 3et}§/n eefﬁcient providing for the temperature at the surface of the eyelid to be
very close to the temperature at the meiboimian glands.
[0043] The applied force may be regulated, meaning that a force generating means is
controlled to be within pressure ranges that are safe to be applied to the eyelid and at
sufficient pressure to allow the temperature at the meibomian gland to be raised
sufficiently. The force can also be a constant force and be provided manually.
The force may be applied during heating, after heating, or both during and after heating.
In either case, the force may assist in expressing occlusions or obstructions when in a
loosened, softened, or melted state from the meibomian glands. The force may include
vibratory type forces, including those generated mechanically or those using fluid type

devices or mechanisms. The level of force needed to express obstructions or occlusions
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of the present invention also includes the further application of force to the
WM BYelid in addition to heat. The application of force catC{HAI08/051309
assist in obtaining higher temperaturks more efficiently inside the eyelid at
the palpebral conjunctiva and at the meibomian gland in a shorter period
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temperature at the meibomian.gland to he raised,sufficiently. The force
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[0048]plied Ohsidgvhirainteaties hegsissalifychoing andseftrebaatng. In

either case, the force, may assist in expressing occlusjons or obstructions
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mechanically or those using fluid type devices or mechanisms. The level .
& hegijg G 48 B S g PE D SRR U RA B AgRT e Palpebral confurctive.

The heating element is energized or powered to generate a heat to the inside of the
eyelids when the lens in placed on the eyeball. The lid warmer may also contain an
integrated insulator that prevents substantial heat from reaching the eyeball and thus
protects the cornea and sclera. The heating element may be biased according to its
location in the lid warmer, and in particular to be located behind the insulator proximate
the eyelid, to produce more heat on the insides of the eyelid than on the eyeball. The lid
warmer may also contain a platform. The platform provides a handle for insertion or
adjustment of the heating element, and an area to encapsulate heating components,

including an electrical interface to allow an attached heating controller to generate an
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reduced when heat is applied to the obstructions or occlusions to place
WA I§%3Melted, softened, or loosened state. [0044]The apRieAtiHIp/051309
force can also stimulate the movemdit of fluids or suspensions of
occlusions or obstructions from the glands. The present invention can be
hich generall ly are

with devices, ya ulated.force or milking
e B e s A R P ot ap the
eyelndechanically stimulate the movement of fluids from the glands. In some
jr|tances mall, gentle, continuous force applied to.the eyelid will assist
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alpebral conjunctivg is disclosed in U.S, Pravisional Patent AppJication
bt i AL WA SR AR s MBS B Ry Scup
appljpesdnicapplcationaldids pidontymer toisrapel £ ptiasu ba g@lri@egd and at the
.containi heating,element is. placed in-between the eyeball and agajinst
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convective heat loss of the heat generated by the lid warmer.

[0048]  Alternatively, a membrane could be attached to the eyecup and employed to
generate force. The membrane could be made of different materials and materials that
stretch, and are resilient. Several embodiments are disclosed involving a lid warmer and
eyecup to be used to apply heat and force to the eyelid as part of treating MGD. The
present invention is not limited to any particular type of lid warmer and/or force
generating apparatus or device.

[0048] In another embodiment, force and heat can be applied to tissue proximate the
meibomian glands to treat MGD. As discussed above, the application of force can further
assist in obtaining higher temperatures at the meibomian glands and in a shorter period of
time and thus more efficiently. The application of force can improve conductive heat
transfer efficiency and/or reduce convective heat loss. Any apparatus, device, or tool can
be used to apply heat and force to the tissue proximate the meibomian glands. The
application of force may also allow heat to be maintained for a longer period of time.
This is because the application of force may reduce blood flow to the eyelid, thus
reducing convective heat loss and increasing conductive heat transfer into the eyelid and

to the glands. The heat and/or force applied to the tissue can be regulated, as discussed



eyelids when the lens in placed on the eyeball. The lid warmer may also
contain an integrated insulator that prevents substantial heat from
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element may be biased according tolifs location in the lid warmer, and in
particular to be located behind the insulator proximate the eyelid, to
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[0051] In another embodiment, force and heat can both be applied to the outside of
the eyelid to treat MGD. As discussed above, the application of force can further assist in
obtaining higher temperatures at the meibomian gland and in a shorter period of time and
thus more efficiently. The application of force can improve conductive heat transfer
efficiency and/or reduce convective heat loss. Any apparatus, device, or tool can be used
to apply heat and force to the outside of the eyelid. The application of force may also
allow heat to be maintained on the outside of the eyelid for a longer period of time. This
is because the application of force may reduce blood flow to the eyelid, thus reducing
convective heat loss and increasing conductive heat transfer into the eyelid and to the

glands. The heat and/or force applied to the outside of the eyelid can be regulated, as



meibomian glands to treat MOD. As discussed above, the application of
force can further assist in obtaining higher temperatures at the meibomian
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realize additional aspects thereof after reading the following detailed description of the

preferred embodiments in association with the accompanying drawing figures.

Brief Description of the Drawings

[0054] The accompanying drawing figures incorporated in and forming a part of this
specification illustrate several aspects of the invention, and together with the description
serve to explain the principles of the invention.

[0055] Figure 1 illustrates an exemplary upper and lower human eyelid showing the
meibomian glands;

[0056] Figure 2 illustrates an exemplary cutaway view of a meibomian gland;



[0051] In another embodiment, force and heat can both be applied to the
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inside the eyelid to install the heat application device onto a patient’s eye for treating the
meibomian glands, according to one embodiment relating to the present invention;
[0066] Figure 12 illustrates a cross-sectional view of the lid warmer illustrated in Figures
9-11 to further illustrate heat delivery components and features of the lid warmer, according
to one embodiment relating to the present invention;
[0067] Figures 13A and 13B illustrate embodiments of a lid warmer and eyecup heat and
force application device for securing the eyecup to the lid warmer as part of installing the

force application device onto a patient’s eye for treating the meibomian glands;



realize additional aspects thereof after reading the following detailed

description of the preferred embodiments in association with the
WQesEBYing drawing figures. Brief Description of the DrawRfgh Y52¢1§/051309

The accompanying drawing figures ilorporated in and forming a part of

this specification illustrate several aspects of the invention, and together

ith the.description serve to.e in the principles of the invention.
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heat%%gg(ggg%%$ )-;‘&]él o@rg;%rgli l%ggicglvg(gmbodiment of the present invention;

[0069]  Figure 15 illustrates a top level system diagram of the temperature and pressure

control and communication components of the heat and force application device for
selectively and controllably communicating to the lid warmer and eyecup components to
apply heat to the inside of a patient’s eyelid and/or force to the outside of the patient’s eyelid,
according to one embodiment relating to the present invention;

[0070] Figure 16 illustrates an interface circuit diagram for the heating and force
application device, according to one embodiment relating to the present invention;

[0071]  Figure 17 illustrates a pressure control system for the heating and force
application device to selectively and controllably apply force to the outside of a patient’s
eyelid, according to one embodiment relating to the present invention;

[0072] Figure 18 illustrates a temperature control system for the heating and force
application device to selectively and controllably apply heat to the inside of a patient’s
eyelid, according to one embodiment relating to the present invention;

[0073] Figure 19 is a flowchart illustrating the basic process employed by the heat and
force application device to selectively and controllably apply heat to the inside of a patient’s
eyelid and/or force to the outside of the patient’s eyelid, according to one embodiment
relating to the present invention;

[0074]  Figure 20 illustrates a system state flow diagram for the heating and force
application device, according to one embodiment relating to the present invention;

[0075] Figured 21A and 21B illustrate the “Reset” state flow diagram according to the
system state flow diagram of Figure 20, according to one embodiment relating to the present
invention;

[0076] Figure 22 illustrates the optional “Fuseblow” state flow diagram according to the
system state flow diagram of Figure 20, according to one embodiment relating to the present
invention;

[0077]  Figure 23 illustrates the “Run” state flow diagram according to the system state

flow diagram of Figure 20, according to one embodiment relating to the present invention;



[0057] Figure 3 illustrates an exemplary cutaway view of a meibomian

gland having several clogging mechanisms; [0058]Figure 4 illustrates an
WQ2H$ PP Teyelid temperature profile of an inner and outer eyR4i#/US2008/051309

temperature versus time when heat Blapplied to the exterior of the eyelid;

[0059]Figure 5 illustrates an exemplary eyelid lid temperature profile of

side ide evelid tempgrature versus time when heat is applied to
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systemsistetetbosydiagram of Figure 20, according to one embodiment relating to the present
invention;

[0080]  Figure 26 illustrates the “Stop™ state flow diagram according to the system state
flow diagram of Figure 20, according to one embodiment relating to the present invention;
[0081] Figure 27 illustrates an exploded perspective view of an alternative heat and force
application device for treating MGD, according to one embodiment relating to the present
invention;

[0082] Figure 28 is an illustration of the alternative heat and force application device
according to a cross section taken along line A-A in Figure 27, according to one embodiment
relating to the present invention;

[0083] Figure 29 illustrates an exploded view of the alternative heat and force
application device according to Figure 27, according to one embodiment relating to the
present invention;

[0084] Figure 30 illustrates a sectional view of the alternative heat and force application
device according to Figure 27, according to one embodiment relating to the present
invention;

[0085] Figures 31A and 3B are illustrations of another alternative heat and force
application device, according to one embodiment of the present invention;

[0086] Figure 32 is an illustration of another alternative heat and force application
device, according to one embodiment of the present invention;

[0087]  Figure 33 is an illustration of another alternative heat and force application
device, according to one embodiment of the present invention;

[0088] Figure 34 is an illustration of another alternative heat and force application
device, according to one embodiment of the present invention;

[0089] Figure 35 is an illustration of another alternative heat and force application
device, according to one embodiment of the present invention;

[0090] Figures 36A and 36B are illustrations of another alternative heat and force

application device, according to one embodiment of the present invention;



[0062]Figure 8 is a flowchart illustrating an exemplary process of applying
heat to the inner eyelid with the addition of force applied to the outside or

WQ 2%/ date of the eyelid relating to treating the meibomian Bfakiti82008/051309
[0063]Figure 9 illustrates a heat andZbrce application device according to
one embodiment relating to the present invention to facilitate the
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device, according to one embodiment of the present invention;

[0095] Figure 41 is a flowchart illustrating an alternative meibomian gland treatment
employing applying heat and force to tissue proximate the meibomian gland to reduce heat
loss when heat is applied to melt, loosen, or soften obstructions or occlusions;

[0096] Figure 42 is a flowchart illustrating an alternate meibomian gland treatment
employing applying heat to the outside of a patient’s eyelid and force to the inside of the
patient’s eyelid for treating meibomian glands;

[0097] Figure 43 is a flowchart illustrating an alternate meibomian gland treatment
employing applying heat and force to the outside of a patient’s eyelid for treating meibomian
glands; and

[0098]  Figure 44 is a flowchart illustrating an alternate meibomian gland treatment

employing applying heat to both the inside and the outside of a patient’s eyelid for treating

meibomian glands.

Detailed Description of the Preferred Embodiments

[0099] The embodiments set forth below represent the necessary information to enable
those skilled in the art to practice the invention and illustrate the best mode of practicing the
invention. Upon reading the following description in light of the accompanying drawing
figures, those skilled in the art will understand the concepts of the invention and will
recognize applications of these concepts not particularly addressed herein. It should be
understood that these concepts and applications fall within the scope of the disclosure and
the accompanying claims.

[00100] One embodiment of the present invention includes the breakthrough and
previously unknown method of applying heat to the inner surface of the eyelid to treat



9-11 to further illustrate heat delivery components and features of the lid
warmer, according to one embodiment relating to the present invention;
WORHB¥ 939 0res 13A and 13B illustrate embodiments of a lid WBARESAH§/051309
eyecup heat and force application dédce for securing the eyecup to the lid
warmer as part of installing the force application device onto a patient's
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will not sufficiently melt, loosen, or soften to be expressed without attaining heightened

temperatures at the meibomian glands. In many instances, these temperatures either
cannot be achieved when applying heat to the outside of the eyelid, or these temperatures
may be achievable, but only after applying heat to the outside of the eyelid for a
significant period of time. Heightened temperatures may only be achieved by applying
heat at unsafe temperatures that would either produce an unacceptable pain response to
the patient or damage to the patient’s eyelid. This is because of the temperature drop
between the outside of the eyelid and the meibomian glands due to conductive heat loss.
Heat applied to the outside of the eyelid must conductively travel through the eyelid
tissue and through the tarsal plate that encases the meibomian glands inside the eyelid.
As an example, it may take twenty to thirty minutes for the temperature at the meibomian
glands to reach only a temperature of 41 to 42 degrees Celsius when applying heat to the
outside of the eyelid that will not burn or damage the patient’s eyelid or surrounding
tissue. Temperatures may need to reach between 43 to 45 degrees Celsius, for example,
for melting, loosening, or softening of certain obstructions or occlusions in a patient’s
meibomian glands.

[00102] Until the present application, it was only known to apply heat to the outside of
the eyelid to treat meibomian gland dysfunction (MGD). Medical professionals would
have thought it counterintuitive to apply heat to the inside of the eyelid. It was thought
that applying heat to the inside of the eyelid would risk damage to the eyelid or the
eyeball itself. Previous studies of heat application to skin showed that damage could
occur for temperatures at or above 45 degrees Celsius. These studies were made on
external keratinized skin. The tissue on the inner eyelids is non-keratinized epithelium,

and as such, is not as well protected from heat as keratinized skin. Thus, one would



[0070]Figure 16 illustrates an interface circuit diagram for the heating and
force application device, according to one embodiment relating to the

W PE8EPRI#R7ention; [0071]Figure 17 illustrates a pressure contPSIEHSEIAS/ 51309
the heating and force application de¥e to selectively and controllably
apply force to the outside of a patient's eyelid, according to one

entrelating to the present invention; [0072]Fi 18 jllustrates a
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efﬁcqgl?tticrgl(?lpc?i\ff%rﬁgat transfer to the meibomian glands. Attaining a more efficient
heat transfer may allow higher temperatures to be attained at the meibomian glands and
in a more efficient time to melt, loosen, or soften more serious obstructions or occlusions
in the meibomian glands. The meibomian glands are located closer to the inside surface
of the eyelid than the outside surface of the eyelid. Further, there is no tarsal plate
located between the inside of the eyelid and the meibomian glands. Thus, it was
discovered than conductive heat transfer to the meibomian glands is more efficient when
heating the inside of the eyelid. Heat conduction increases with thinner tissue.

[00104] In this regard, an experiment was carried out where heat was applied to the
inside of the eyelid (and more particularly the palpebral conjunctiva) against traditional
notions and known principles. It was discovered that heat could be applied to the inside
of the eyelid without damaging the patient’s eye if regulated. For example, it was
determined that most patients can tolerate a surface temperature of 43-44.5 degrees
Celsius without anesthesia and without significant pain. It was found that some patients
could tolerate temperatures over 44.5 degrees Celsius without anesthesia. Further, it was
discovered than heightened temperatures could be attained and in less time when
applying heat to the inside of the eyelid than to the outside of the eyelid due to more
effective conductive heat transfer and the proximity to the heating device.

[00105] An exemplary lid temperature profile 32 that may be generated when heat is
applied to the inside of the eyelid is illustrated in Figure 5. There, a graph depicts what
the temperature of the inner surface of an eyelid may be as a function of time when a
source of constant heat is applied to an example subject patient. A heat source attached
to the inside of the patient’s eyelid is turned on for a period of time. For this patient, it
took approximately 30 seconds for the eyelid’s inner surface to reach about 44 degrees

Celsius. Unlike the lid temperature profile illustrated in Figure 4, the inner surface of the



application device, according to one embodiment relating to the present

invention; [0075]Figured 21A and 21B illustrate the "Reset" state flow
WQIRYBARPECCcording to the system state flow diagram of FiguréP€#/US2008/051309

according to one embodiment relatindfto the present invention;

[0076]Figure 22 illustrates the optional "Fuseblow" state flow diagram

B A SR e S
eyelide Flaueﬁdamtmﬂe flomayiagiaalactesdinthtecthémysieobsiagahlowrmjRedam at the
meif rﬁ?‘/ﬁein eu@%) ggo%sn%to Ong‘éefg;b()dI?Bé%rel%@ggaft)%lt)t}relgpﬁ%eslte{(])tthe inside of
the eyelid. While not limiting to the present invention, the ability to raise the temperature
at the meibomian glands may prove instrumental in melting, loosening, or softening
obstructions or occlusions in the meibomian gland to reach the loosening, softening, or
melting point of the obstruction or occlusion.

[00106] In this regard, an embodiment of the present invention to apply heat to the
inside or inner surface of the eyelid proximate the meibomian glands to treat MGD in
basic form is illustrated in the flowchart of Figure 6. This has the advantage in that it
typically takes less time to raise the temperature at the meibomian glands sufficient to
melt, loosen, or soften an obstruction or occlusion than if heat were applied directly to the
outside of the eyelid. Further, heating the inside of the eyelid may allow higher
temperatures to be achieved than if the outside of the eyelid were heated.

[00107] First, heat is applied to the inner surface of the eyelid to a temperature
adequate to melt, loosen, or soften obstructions or occlusions in the meibomian glands
(step 40). For example, heat may be applied to raise the temperature at the inside of the
eyelid to 43-47 degrees Celsius, although the present invention is not limited to this
temperature range. A time range to apply heat may be a period between 1-10 minutes,
and may be limited to a range of 3-6 minutes. The heat may be regulated meaning that a
heating means or element is controlled to be within the temperatures and means that are
safe for the inner surface of the eyelid and at a sufficient temperature for melting,
loosening, or softening an occlusion or obstruction in the meibomian gland. By sufficient
temperature, this refers to the amount of heating needed to heat the palpebral conjunctiva
to achieve the desired melting, loosening, or softening of the obstruction. The heat may
be maintained for a period of time until the temperature reaches the desired level
sufficient to melt, loosen, or soften the obstructions or occlusions (step 42). For example,
the heat may be applied for 1 to 10 minutes, although the present invention is not limited
to any particular amount of heat application time. Thereafter, either during heating or
after, obstructions or occlusions in the meibomian glands may be expressed so that sebum

flow is restored from the glands to establish a sufficient lipid layer (step 44).



20 [0078]Figure 24 illustrates the "Pause" state flow diagram according to

the system state flow diagram of Figure 20, according to one embodiment
WoU§e2The present invention; [0079] Figures 25A and 25BPfiiSiR2{9§&1309

"Monitor" state flow diagram accordigg to the system state flow diagram of

Figure 20, according to one embodiment relating to the present invention;
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are timbenienpreted broadly. These terms broadly encompass any change in form or
state of the obstructive or occluding material causing or contributing to an obstruction or
occlusion related to a disorder of the eye or eyelid structure to a form such that the
obstruction or occlusion can be more easily freed or expressed. This includes, but is not
limited to, changing form from less of a solid form or state to more of a liquefied form or
state, including but not limited to dissolving, loosening, liquefying, and/or softening of
the obstructive or occluding material to be removed, and/or dissolving, loosening,
liquefying, or softening of material that holds together particulate matters causing or
contributing towards the obstruction or occlusion related to a disorder of the eye or eyelid
structure and other modalities.
[00110] The application of heat may be regulated, meaning that a heating means or
element is controlled to be within the temperatures and means that are safe for the inner
surface of the eyelid and at a sufficient temperature for melting, loosening, or softening
an occlusion or obstruction in the meibomian gland. The heat is maintained for a period
of time sufficient to melt, loosen, or soften the occlusions or obstructions. Either during
heat application or after heat application is removed, the occlusions or obstructions in the
meibomian glands are expressed to remove obstructions or occlusions thus providing an
improved pathway to restore or improve sebum flow from the gland.
[00111] In one embodiment, increasing the temperature of the surface of the palpebral
conjunctiva to at least 37 degrees Celsius can begin to provide therapeutic effect for
milder cases of MGD. A therapeutic temperature can be any temperature above body
temperature. One preferred range for treatment is 43 to 45 degrees Celsius, with a target
of 43 to 44.5 degrees Celsius. A time range to apply heat may be a period between 1-10
minutes, and may be limited to a range of 3-6 minutes. Temperature in this range has

been found effective and comfortable to the patient when treating MGD.



[0083]Figure 29 illustrates an exploded view of the alternative heat and

force application device according to Figure 27, according to one
WQaBHBRHFENL relating to the present invention; [0084]Figure 3GHRISHZ051309

sectional view of the alternative hea2ind force application device

according to Figure 27, according to one embodiment relating to the
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characteristics, including the use of on/off switching or pulse width modulation (PWM)
techniques for example. The use of modulated heat may allow the temperature to be
raised even higher at the eyelid without damages to the patient’s eyelid since the
increased temperatures are applied for shorter periods of time. Obstructions or
occlusions in the meibomian glands may have melting, loosening, or softening points that
are beyond temperatures that may be applied without the use of modulated heat. The
temperature needed to melt, loosen, or soften obstructions or occlusions may depend on
how keratinized the obstruction or occlusion is. Not all obstructions or occlusions have
the same melting, loosening, or softening points.

[00113] By example only, elevated temperatures between 45 and 55 degrees Celsius
may be possible when applying regulated heat, especially if the eyelid has been
anesthetized. However, heat must always be applied to the eyelid at temperatures that
take into consideration the pain response of the patient as well as whether damage will
occur to the patient’s eyelid and/or surrounding tissues. Depending on the severity of the
patient’s MGD or the patient’s pain tolerance, elevated temperatures may be used with
patient’s on an individualized basis when applying heat. It has been found that lighter
skinned patients can generally tolerate less heat than darker skinned patients, and darker
skinned patients tend to exhibit less inflammation as a result of exposure to the heat.
Other factors, including humidity, may contribute to a patient’s tolerate to greater
temperatures. For example, humans can generally tolerate heat up to 70 to 80 degrees
Celsius in dry saunas where humidity is low. Application of heat in higher humidity
environments may cause pain and/or burns to occur at lower temperatures.

[00114] Severe cases of MGD that cause substantial irritation or risk to the patient
may even call for temperatures that would produce category one or two burns to the
patient’s eyelid, since these burns generally heal. Temperatures that cause category three

burns should be avoided. In summary, treatment times and/or temperature can be



device, according to one embodiment of the present invention;
[0088]Figure 34 is an illustration of another alternative heat and force

WQ MRS device, according to one embodiment of the pres@&THREALHH 1309
[0089]Figure 35 is an illustration of ahbther alternative heat and force
application device, according to one embodiment of the present invention;
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[00115] The regulated heat can be maintained at a therapeutic temperature for a
treatment period. The treatment period can be approximately 1 to 10 minutes for
example. The heat could also be repeatedly applied and maintained for a desired period
of time to keep the occlusion or obstruction in a melted, loosened, or softened state.
Either during or after such treatment by regulated heat, mechanical expression of lipids
and other fluids from the meibomian glands has been found to clear obstructions which
have essentially melted or been placed in a suspension state (by virtue of melting
materials binding solids together).

[00116] Optionally, after expression of the occlusions or obstructions is performed
(step 44), an optional pharmacological agent may be applied to the meibomian gland to
promote the free flow of sebum and/or reduce or prevent inflammation or infections of
the eye or eyelids (step 46). Many pharmacological agents have been proposed for
treatment of dry eye syndrome, any of which may be effective or more effective upon
clearing of obstructions within the meibomian glands. Some of the pharmacological
agents that may be utilized include, but are not limited to: antibiotics such as topical or
oral tetracycline and chemically modified tetracycline, testosterone, topical or oral
corticosteroids, topical androgens or androgen analogues, omega 3 fatty acid compounds
such as fish oils, Laennec, enzymes that promote lipid production, agents that stimulate
production of enzymes that promote lipid production, and/or any agent which acts as a
secretagogue to enhance meibomian gland secretion or secretion of other tear
components. For example, androgen and androgen analogues and TGF-beta have been
reported to act as a secretagogue to enhance meibomian gland secretion. These
compounds are illustrative examples of appropriate pharmacological agents, but those
skilled in the art will appreciate that other pharmacological compounds may be utilized.
[00117] Also, agents, such as Restasis (cyclosporine A), that replace or promote
production of the tear component may also be applied more effectively after treating the
meibomian glands according to the present invention. Treating the meibomian glands
improves the lipid layer, thus reducing evaporation and conserving the aqueous layer.

Conservation of the aqueous layer reduces the need for tear substitutes to be applied



21 [0091]Figure 37 is an illustration of another alternative heat and force
application device, according to one embodiment of the present invention;
W99 Rigetes 38A and 38B are illustrations of another alternEHEUSe{8/051309
and force application device, accordi#fy to one embodiment of the present
invention; [0093]Figure 39 is an illustration of another alternative heat and
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[OOJIrJI\ﬁntiPF the course of experimenting with the application of heat to the inside of the
eyelid, it was also discovered that convective heat losses occur due to blood flow in the
blood vessels located inside the eyelid. Blood flow through blood vessels located inside
the eyelid produces convective heat losses. The blood flow serves as a natural “heat
sink” provided by the body. Convective heat loss is lessened when applying heat to the
inside of the eyelid than when applying heat to the outside of the eyelid. This is because
fewer blood vessels are located between the meibomian glands and the inside of the
eyelid than the outside of the eyelid. The meibomian glands are located closer to the
inside of the eyelid. However, convective heat loss still occurs when heating the inside
of the eyelid. However, if the blood flow were reduced, convective heat losses could be
minimized allowing for temperatures to be attained and sustained at the meibomian
glands in an even more efficient manner and in less time.

[00118] In this regard, an exemplary lid temperature profile 50 when heat is applied to
the inside of the eyelid and force at various pressure levels is applied to the outside of the
eyelid is illustrated in Figure 7. There, a graph depicts the temperature at the inner and
outer surface of an eyelid as a function of time when a source of constant heat and
pressure is applied to an example subject patient. Initially, no heat or pressure is applied
to the eyelid. In this example, the temperature at the inside of the eyelid is approximately
36 degrees Celsius while the temperature at the outside of the eyelid is approximately 35
degrees Celsius. When the heat source is turned on to apply heat to the inside of the
eyelid and a 70 mm Hg pressure is applied to the outside of the eyelid, the temperature at
the inside of the eyelid dramatically increases quickly. The pressure being applied to the
eyelid is reducing blood flow in the eyelid, which reduces convective heat loss and
increases conductive heat gain. The temperature at the outside of the eyelid increases
quickly as well, but less dramatically than at the inside of the eyelid since the heat source
is at the inside of the eyelid. A nominal temperature of approximately 40.5 and 38.3
degrees Celsius is reached at the inside and outside of the eyelid, respectively.

[00120] If the pressure is increased, even higher temperatures are attained as illustrated

in Figure 4. Finally, when the heat source is completely shut off, the temperature



[0095]Figure 41 is a flowchart illustrating an alternative meibomian gland

treatment employing applying heat and force to tissue proximate the
WORENFI¥AEH gland to reduce heat loss when heat is applied toRREUIRISEIF1309

or soften obstructions or occlusions;38096]Figure 42 is a flowchart

iIIustrating an alternate meibomian gland treatment employing applying
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Thus, the lid temperature profile 50 of Figure 7 illustrates temperature at the eyelid can
be increased effectively and quickly with the application of force in addition to heat.
Note that the application of force to reduce convective heat loss can be applied whether
heat is applied to the inside or outside of the eyelid. As illustrated in Figure 7, the
application of force is effective in both scenarios.

[00121] Thus, one embodiment of the present invention also includes the further
application of force to the patient’s eyelid in addition to heat. The application of force
can further assist in obtaining higher temperatures more efficiently inside the eyelid at the
palpebral conjunctiva and at the meibomian gland in a shorter period of time and thus
more efficiently. This is because the application of force may reduce blood flow to the
eyelid to reduce convective heat loss, as discussed above.

[00122] In this regard, an embodiment of the present invention to apply heat and force
to the eyelid to treat MGD is illustrated in the flowchart of Figure 8. First, heat is applied
to the eyelid to raise the temperature at the meibomian glands to the desired level (step
60). For example, heat may be applied to raise the temperature at the inside of the eyelid
to 44-47 degrees Celsius. The heat may be applied to the inside or outside of the eyelid,
or both sides of the eyelid. The heat may also be regulated, meaning that a heating means
or element is controlled to be within the temperatures and means that are safe for the
eyelid and at a sufficient temperature for melting, loosening, or softening an occlusion or
obstruction in the meibomian gland. A force is also applied to the eyelid to reduce blood
flow in the eyelid to allow the applied heat to more quickly raise the temperature at the
meibomian glands (step 62). The force may be applied to the inside or outside of the
eyelid.

[00123] The heat and/or force may be maintained for a period of time sufficient to
raise the temperature at the meibomian glands sufficient to melt, loosen, or soften the

obstructions or occlusions (step 64). The force may be maintained after heat is removed,



[0099] The embodiments set forth below represent the necessary
information to enable those skilled in the art to practice the invention and
WQRMFAR e best mode of practicing the invention Upon readR{gf tH&2008/051309
following description in light of the ad8ompanying drawing figures, those
skilled in the art will understand the concepts of the invention and will
recognize applications of these concepts nat partjcylarly addressed
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methods. As an example, this can translate into five (5) or more minutes that one has to




23 naturally believe that applying heat to the inside of the eyelid would
produce a pain response at lower temperatures than on the outer eyelid

WQ 898 dwever, it has been surprisingly discovered that apffiifi HE8051309
to the inside of the eyelid is not only3dafe, but effective at dislodging
obstructions and/or occlusions in the meibomian glands as part of a MGD
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. limiting to the present invention, the ability to raise the temperature at the
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is restored from the glands to establish a sufficient lipid layer (step 66).

[00129] Just as discussed above in the flowchart of Figure 6 where only heat is
applied, the application of heat may be regulated. Regulated heat can include controlling

heat according to a temperature profile. The temperature profile may be a constant



[00106] In this regard, an embodiment of the present invention to apply
heat to the inside or inner surface of the eyelid proximate the meibomian

WQ A e eat MGD in basic form is illustrated in the flowchaR( g 51309
This has the advantage in that it typi&ally takes less time to raise the
temperature at the meibomian glands sufficient to melt, loosen, or soften
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occlusion or obstruction in the meibomian gland. The heat is maintained
for a period of time sufficient to melt, loosen, or soften the occlusions or
obstructions. Either during heat application or after heat application is
removed, the occlusions or obstructions in the meibomian glands are
expressed to remove obstructions or occlusions thus providing an
improved pathway to restore or improve sebum flow from the gland.
[00111] In one embodiment, increasing the temperature of the surface of

the palpebral conjunctiva to at least 37 degrees Celsius can begin to
provide therapeutic effect for milder cases of MOD. A therapeutic

ftoamnaratiirea ~ran bha anvy teamnaratiira ahovie hodys temnaratiire One
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the application of heat may be regulated. Regulated heat can include

WQ a3 heat according to a temperature profile. The temp8fk(1f&2008/051309
profile may be a constant temperatu#8, include ramp-ups, ramp-downs,
peaks and valleys. Further, the temperature profile may include heat

esqr.he mo I with vario s char ristics, |nc ud| the use of
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and otkedt, flmbdefroor &eftemblhntamglamﬂsGra@behxsfouﬁdmyldanﬂjwlmlbﬁy\whlch
keratin tlaz1 dth structlon1 cclusion is. Not all obstruction
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of th tient as as wh ama e will occ to the, patient's eyelid
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with patient's on an | IVId alized hasis at. It has bee
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infla n as a of e ure to the h at. Other factors, including
phar TR 4 AR Rbin D8 R0t Sk L2 AP Pl s aﬁ@mﬁ?&tures For
pharexaoipiscleorapouads gandeaiiyliotdrate heat up to 70 to 80 degrees
in dr as where humidijty is I |cat|o atin
OO AP k8 B APRE AF reeL Ts
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Figures 9-14.
[00135] Figure 9 illustrates the overall device referred to as a heat and force
application device 70. In this embodiment, the heat and force application device 70
consists of a hand-held, battery-operated controller 72 that contains heat and pressure
generating and regulation components. The controller 72 can also be a non hand-held
device that is either mounted or rests on a table top, for example. The controller 72 as
described herein is intended to describe and encompass any device, including but not
limited to electronic and pneumatic controls and supporting components, that is adapted
to allow and control the application of heat and/or force to the patient’s eyelid. The

controller 72 is connected to a disposable component 74, via a controller interface 76, to



adjusted to account for these differences. The present invention is not

limited to any particular temperature or time ranges as long as therapeutic
WQaMIsée is being applied. [00115] The regulated heat carP6d&/US2008/051309

maintained at a therapeutic temperatére for a treatment period. The

treatment period can be approximately 1 to 10 minutes for example. The

heat.could also be repeat ppli nd maintained,f dgsired period
B AR R IS 1 bR e, T EmeeaEpe
compofiemetd saisistsitierlidlvinger aigrovidedrimatiadoinhyf adenst@thseated in
. _mechanical expressign of lipids. and other fluids from meipomjan .
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Thuys, tear component agents may. not have to be ysed as often when
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eyelid, it was also discovered that convective heat losses occur due to

displgiy, 88 $RLHISPIAY DIOBMHA NGk eH TS RaiRE 8) BfaYISfod folgdown timer

if antiNieldDBURIPRH KesselBdPeREathIBSIRE R LIRIMhPEBIHGEHEQaYasiva] R at
losses. The blood flow serves as a natural "heat sink" provided by the
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heat loss still occurs when heating the inside of the eyelid. However, if the
blood flow were reduced, convective heat losses could be minimized
allowing for temperatures to be attained and sustained at the meibomian
glands in an even more efficient manner and in less time. [00119] In this
regard, an exemplary lid temperature profile 50 when heat is applied to
the inside of the eyelid and force at various pressure levels is applied to
the outside of the eyelid is illustrated in Figure 7. There, a graph depicts
the temperature at the inner and outer surface of an eyelid as a function of
time when a source of constant heat and pressure is applied to an
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temperature at the eyelid does not degrade immediately due to the force
WQaMENEMI To be applied. Again, the force reduces blood flow B& PrRENAEAE/051309

convective heat loss. If both heat anéPforce are shut off after being

applied, the temperature at the eyelid does degrade more rapidly. This is

bloag, flow in th lid | bstructed, allowing the bady's bl
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obstryction jn the mejbomian gland, A force is also applied to the eyelid to
COMPELHS %ﬁ%ﬁa IR tllFFep@%ﬂB 368U the applied heat to more quickly

[001b399e tﬂ[ﬁ%%ﬁ@ﬁwm%@htbﬁmmmﬁw kﬁaffgd[fat@pt@%))ﬂth@htf@r@@a%ﬁ;@yl to

e applied to the inside or outside of the eyelid. [00123] The heat and/qr

the lggs mfi;ﬂéé%ﬂ?gma’fﬁm LTG0 BF PSSRV EIa o e ens 90

suchteHiieexierR QAW ek eipipatigtands switisiehistoIMEITIRoRE RSP heiRform
the, gbstructi r#sﬁor occlusions (step 64). The force may be maintained

94 PRI SQY R PABYRE, e 260k A EHERKD 54 Fepygment or

adjustment of the lens 90 and its heating element. Second, it provides a guide post for a
compression force device to attach to apply a force to the patient’s eyelid while the lens
90 applies heat to the inside of the patient’s eyelid. It can also support a lens electrical
interface 96 to allow the lens 90 to electrically connect the heating element inside the lens
90 to the controller 72 via the interface 76. The controller 72 can then apply electrical
energy to the heating element to generate heat within the lens 90 and thus to the inside of
the patient’s eyelid when installed. Second, it provides a support structure for interface
circuitry 98. The interface circuitry 98 provides electrical connections for energizing the

heating element and communicating temperature measured at the lens 90 back to the



or vice versa depending on the treatment technique desired. Maintaining
force after heat is removed may cause the temperature at the meibomian

WQ A E33 Hissipate more slowly than if force is removed. MaiR&iitgaq8as1309
without maintaining force may be erdloyed to allow blood flow in the
eyelids, such as between successive treatments. For example, it may be

desir to,maintain heat to.lessen.the total. a nt. of treatment time . .
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. . This may reduce the level of force needed to expr obstructions or., .
sl TG BAHOLSr e FEUE) BHIORERS FERRA 1 B venty distbute

obstructions or occlusions in the glands may also be greatly reduced
when heat is applied to the obstructions or occlusions to place them in a
melted, softened, or loosened state. [00127] The application of force can
also stimulate the movement of fluids or suspensions of occlusions or
obstructions from the glands. The present invention can be used with
devices which generally apply a regulated force or milking action to the
eyelid to express the fluids or suspensions or to otherwise mechanically

ctimiilata the moaviearmant Af fliiide frorm the Aalande In eAaMmMe inctancrace A




[00128] Thereatfter, either during heating and/or the application of force or
after either, obstructions or occlusions in the meibomian glands may be
WQMEEEB TS0 that sebum flow is restored from the glands to 6tEbIE3H08/051309
sufficient lipid layer (step 66). [00128[/Just as discussed above in the
flowchart of Figure 6 where only heat is applied, the application of heat
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and is formed by the natural gap that exists by the space left by the heating element 106

not filling up the entire volume of the chamber 104. The heating element 106 is biased
according to its location in the lens 90, and in particular to be located behind the
integrated insulator, to produce more heat on the insides of the patient’s eyelid than on

their eyeball.
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can be maintained at a therapeutic temperature for a treatment period.
WO hent period can be approximately 1 to 10 minutes fECELANR051309

The heat could also be repeatedly apblied and maintained for a desired

period of time to keep the occlusion or obstruction in a melted, loosened,

ftened state.. Either during or af ch.treatment by, regylated he
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thﬁeirn%de of the eyelid to treat MGD. The heating of the inner surface of

cont{ﬂe upper or lower eyelid can be done by any convenient method. The lids
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available to rempyve.the occlusio nce heated. One devjce for ti
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device 70. In this embodiment, ttée heat a%d force ag}glic tion devicgﬁ?é)
eyeclB 1 P R QT SR 5 AP IS R ACHIRY Connr D did
warmdic ke fishl tngefiekedit (hane degubdiéo T o fenenigollbeinentiod 967 The
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119. 1@ hiesarike bad M arogiass anyydevoslatiietnding bidohet ltnttedei@cup 110.
lectrgni ti I d rting components, that j
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contpduarijetiyglitirduph ednitioller {2 vaenenplatéslio % dispesekldmonieaasitr

117 \gzgs%;%%%i%gg gg%;ﬁ%%%\%vﬁ}gecup 110. When the carrier base 119 is

not squeezed against the eyecup platform 121, the carrier opening through which the lid

warmer platform 94 is inserted closes to secure the lid warmer platform 94 to the carrier
117, and thus the eyecup 110. The eyecup platform 119 is adapted to allow the lid
warmer platform 94 to rest on top when inserted into the eyecup orifice 113. When
inserted, the electrical interface 96 of the lid warmer 74 contacts a carrier interface 123,
which provides an electrical connection between the electrical interface 96 and the
controller interface 76.

[00146] Figure 13B illustrates an alternative latching mechanism 116A to one
illustrated in Figure 13A. The latching mechanism 116 is compressed in the horizontal

plane while the eyecup 110 is moved forward along the lid warmer tab 94 until it rests



generate heat and force at an eyelid 78, as illustrated in Figure 9. The

disposable component 74 consists of a lid warmer 90 provided in the form
WY HMustrated in Figures 10-12) that applies heat to theRR3HE28P§HE1309

patent's eyelid and interfaces with a@%ye cup to apply force to the outside

of the patient's eyelid (iIIustrated in Figures 13-14). Both can be used in

ert treat GD or nterface .76.t can
agal\rrl\/sr[g eé’ alr(tl_)eu(r)ld pa |en ear é?%rqg%y@c?gs@e ﬁ?@éﬁ&ftﬁ anism 116
is relmﬁenhtﬂm:h)témg lTbesrfeatchnd)fmemmlmnon dlevigehd Nidsviatenatesbfod. In

use b toa heata e therapy for treatin
i e 03 e e Bt B 50 e
eyequbyBIOLaMorenﬂmmmimnm detaib ntpak diveghthal acilrig mecﬁﬁﬁii;iﬁtidﬁ is
. evige 7 Tem or ure an re sur applied to atient's eyelid
1llusgt§ ecgan 191 uere% on a tel pera ed‘fﬁﬂ%@%% I?(%IH § drsplay 84.
[OO‘Bl]])bQEgumglt@ rﬁpmaterrenamideteﬁsagardmpIﬂ;sc82tr8l4ertlil&¢1fawdlan Ths
ermrne wh a th utrc te ure a ure have be
con e B TEaSE . SO BTIC AL CTRETER 12 i B L ES P (o gy the
conthﬂlsegﬂterdolnmoQWWytheﬁﬂmﬂYdh ﬁotematetpaaands ey’eﬁaueﬂemisa MGD
and th |ncre ord nature of the temperature and pressure
weatgal DA LR A SR G A0 SRR T LN CRa o panects to
the e@yelidlearleitfier thﬁ’lﬁﬁitt@ matuidévebwhmﬂ éheeiealiertace, m and a
controllable b chnr n. The rce nd thus essure
P I 68 2t SR8 DRSS L oS P ACFE S ddggEnd and
recei®6.cltreieA ﬁguslsmﬂarteﬁ@mmmbsdeﬁi@s 126applyddres, theliQkosieses0, as

ueezed, To ase and thus reduce_ pressuyre, the force
will B e e e e oLt & S RS 7R A RF i evecup
electgﬁﬁl?éktmyeiidl éEB diﬁmlﬁ)@c?:cﬁtp mﬂ)[@t&h&h”&t Kﬂ@ﬂ@%f&%é@@%ﬁ’ld&ltlﬁiéfﬁace 96 of
jsplay 88.can vided on the controller, 72 mount o
the 4SRRIy D30 SR b o T A G I WARTo e I Sarse patform
94 1sth@etwwmebamkiw8&:@an dmlﬂmmwauue@mm@éﬁ @tmrga@atsmm 13B.
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emb@tiyséaiathtopieienstidhetdetee IMels86candytenpeanphédrdant bladder 114 on
h greSSéée by squeezing the lever 86 again. WO
the e §327PCT/US2008/051309 35 [00138] Figure 10 illustrates the
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systethiel ezreérde%ﬁtr&mnfpm W@tﬁlﬁrﬂﬁ'ﬁdﬁt@élmﬁhﬁ esritalo ik Wihin
the lens 90 thaf can a t to the of the patient's eyelid w

ool P e ) L BRI S S B B SOIEp 30 aso
comrﬂuﬂfbat&th tméssmbeﬂmlaﬂympum ve dq)ﬁﬁmdmtsﬁiomémﬁth&aﬂf@ressure

teL 23 ]L be transferred t e pat |d The lens 90 can he
contig ﬁ% Bfﬁffa%’i?csﬁﬂ%‘?ﬂ ‘%‘tﬁ% é‘EFc Qe evelin
HPS2 for example. Further, the lens 90 can be constructed from a
biocompatible material, such as polymethylmethacrylate (PMMA), epoxy,
or other materials well known to those skilled in the art. The lens 90 may
be flexible, but ideally should be only minimally compressible to fit against
the patient's eyeball. [00139] The lens 90 also contains a lid warmer
platform or tab 94 that is attached to the lens 90. The lid warmer platform
94 may be connected perpendicularly to the lens 90 such that it extends

~Aamnranvs from the natiant'e ovva whan inctallad Theae lid wwarmar nlatfarmm OA
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regulation. The interface circuitry 98 will discussed later in this application
WQAYHP$REArd to Figure 16. [00140] Figure 12 illustrates a croBSTSEEAYI$41S1309

view of the lid warmer employing théfens 90 illustrated in Figures 9-11 to

further illustrate heat delivery components and features of the lid warmer,

cor 0 bodiment of the resent nt| The ns 90 is
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regsons Alternatively, the fused link 108 could be a thermal link provided
s an integrated part of the heating element such that the fused link 108

[oowa]nd Figlrand ileaistaniapgedficuitifhg gidengpoeshe kdrtﬁﬁigeﬂ@tu re.

0014 ti I b ded in form o l.
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Exam Iesi clude the E carbop-load olyp fide and the
the BT SR PRSP R TERen 0 B9 B PR LIS et

eyelid is minimal, regulating temperature is 51mpler This is because the thermistors

136A, 136B record temperatures closer to the actual temperatures at the glands and thus
temperature overshooting is minimized. It is important to attempt to minimize
temperature overshoot so as to not damage the patient’s tissue. Temperature thermostats
or other more complicated regulation circuits may be employed to regulate temperature

as well if desired, especially if temperature overshooting is an issue. Further, the size of



[00142] The size of the lens 90 may also play a part in the heating

element 106 selection and the amount of heat it must generate to be
WQAKMSRA2IW MGD treatment. The lens 90 distributes heat gen&GIS AP $ {51309

heating element 106. A larger lens 9%lmay distribute the heat generated

by the heating element 106 more uniformly and over a larger surface
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re 1
72 ° 29%&}1’[‘?1‘29" A °fé %ﬂ?&% ABiifiohap Rren
prevmﬁylgr vlwme of the chamber 104. The heatlng element 106 is biased

TRl U T

to prp@itnipey&idilifanthn dheibsyehiaiodMent. The pressure control system 130
2.008/089327PCT/U 008/0513Q9. 38&?& 44] FI e 13A illustrates an

contains AR R TP R AYBR ABR A gt t%ﬁbwm BYRPS
maytb&[saﬂem skl R1A093 @rwvﬂﬂdllliglfh&é’fllﬂﬁtﬂﬁiﬁgemti@tﬁé&;fhe %llectnc
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P“m&é%%vj @mﬁ%&% @%ﬂﬁ{e? Lhsoallex; e copsroler. 72 Aa s Mo the
systelﬁwagheun1ﬁﬂmmmmmmlmta@tmma&mmb@ canRbdier

interface, 76 (s ure 14) such that the contrgller 72 can pump air into
valvg (345 GOREY FiheRa o mﬁa‘faﬂréeapaa%m%mmm}gfe@ Hhzeyecup
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. the bladder 114 is released by the controller 72.
various functions.
[00183] Figure 18 illustrates the temperature control system 132 in more detail for the
preferred embodiment. The temperature control system 132 includes a power system 142
to provide power to the system components. In the disclosed embodiment, batteries 144
are used as the power supply. Energy from the batteries 144 are provided to a reverse
battery protection and low battery detection circuit 146. If the batteries 144 are low in

power, a low battery signal is communicated over a low battery signal line 148 to a timer



[00145] When desired to be used, the lid warmer platform 94 is inserted
into an eyecup orifice or slot 113 in the eyecup 110 between a latching
WOREBHE3M 116. The latching mechanism 116 provides a meBAE #§$2008/051309
secure the lid warmer platform 94 to4Be eyecup 110 when in use as well
as provide an interface to electrically connect the lid wanner electrical
interface 96 tq the.congroller 72 via the controller integface 76. Th
and B o o i B RS T rapapsiote o
conselingitieergycamees haddidilayihgetemirier thasemkt Aisplensss aheyesiand

. _platfor 1 ched to the eyecup 110, The carrier base 119 and .
dis eyecup leigﬁoﬁgn? i sé)a%‘i)etgqX 835‘5%‘&'?85& f ﬁﬁéfeg WiffoUsehtrapiding the
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rout g s e PSR S8 18 BRI R By P raf e R eded b the
contralikie 72 padiitg dimqpegbnitichdperditbwaNoes thkttherproseis insetash is not
limi Igﬁes to se ur% the lid warmer platform 94 tq the carrier 117, and thus
imifed 10 a0y, PaicTar (s o Resver, SIS S TS BAE SRR i
[00184In eT i atioprer drtocrast dls isernvh@D sinsesled ¢oindine epeciepfitied 54 to
113. When inserted, the electrical inferface 96 %f thi lid warmer 74
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Figure, 13B illustrates an alternative Jatching mechanism 116A to one,
be rep AR O 05 e TECrh P RRER g LR DS e Rrsasing
pati¢hetieatinontafqrl ane yaisitendier ey peovideldhis fopwstfomeed. aitraithebdger
156 warmer tab 9§Iuntil it rests WO 1I?6)08/0 9 ZYP%'gUSZOOS ,051’3%%9 39

I REOUP IS 5 S srpenioh FQUs e Ieged dia ormid e thichigm may
be viewebanibor dclorndetbléaandxtomalydsige Aot ishtixed dwasetintiis dagation

alonggg]g lid warmer tab 94. In this manner, the patient's eyelids 91A, 91B

comgféqs dwiched" between the lens 90 and the eyecup 110. More
[00158) matieneandndetait thg asaiperihied atshio sygeharssvohdRtisdivatiaigd

in Figures 27-30 and will be described later in this application. [00147
compaggHLs o} 16 CHMBLFe BRI PAUEIN ) 70 LOPRTONER FRLAGRES) o Pichea
and frotrapplicatRiiake €6 TOUDIRs dRBBPOHEIE ar’piR iR ENSIROfBRH 8V 0&4bus

110 tq allow Lhe controller 72 tg controllably aﬁgy heat and/gr force to the
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compONiAiN infe LR RRRitied 20pasvaleasietdRalopan RRCipdeation 6P MECHRTN.
The connectorll;lF 0 includes both an electrical irégerface 122 and a
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descriBelthseogi@oshirlefehelogiidan Noralsaoasa0ipoifienis saNivegréeRiéd by
h a%om t%lid warmer 90, as wiJl be described in mqre detail below. The
eitheg Al R oW et RecR mraxléf)éeaw%arfeapm&f&a%

architecting gyieiding ko fswete thpddhigelid warmer electrical interface 96 of the

lid warmer 90_i nnected to the electronics wiring 126 when the lid |
[°°15§¥Vm§?%faﬁfo%ﬁaf§4e sfiai 04 il tecLyRk ot Bontolle daa gnerious
oper&tiais plesodin ki de SBfeatithtlsBvillbehenprants inetase dahalawand

the controller 72 tqQ pump into the fubing 118 to inflate the jnflatable .
foreq ARRUERIDDASH A Gy BEVKF 14 15 A RREAS e SERHRE ey lagic of
the vaibatestitespir hiigthrveflatabitl birdsiesnldfile colasiteforzesaiedoiabial &ith

ressure, In the illustrated dimept, the pneumatic. interface 124 is .
respdBL 301 AGHETEN © NG REYTB 3t ILF GhrHePE) R Gt o i o
variohigstaced thatipplenmenis sigirmdchicei b shaterttiollstridtiatemaan ®iisre 19.

between the controller 72 and the disposable component 74 and the
eyecup 110, at a system level. The controller 72 of the heat and force
application device 70 contains a pressure control system 130 and a
temperature control system 132. The pressure control system 130 is the
control component within the controller 72 that controls the pressure from
the force applied to the patient's eye via the eyecup 110. The temperature
control system 132 is the control component within the controller 72 that
controls the heat applied to the patient's eye via the lid warmer 90. The
pressure control system 130 also communicates the pressure in the

f1ihinAa 119 +tA 2 Nnracciira cancnr 124 within tha nracciira ~rontrnl cvvietam



WO 2008/089327PCT/US2008/051309 40 the tubing 118 to display the
pressure on the pressure display 84 as well as to provide feedback to the
WQaMBERE#272 to provide the various functions and controls forRe&/Ep3eep51309
as will be described in more detail béfbw. The pressure sensor 134 also
allows the recordation of pressure data to be recorded by the controller

r an exter, ta acgyisition device (not shown) coupled to the
o0 e G A S BRe R SRR g ama
logicarfahdihgatiemdafietvio gpplécitianidevittd 0 ththésayeded AN bl kd aaittoder 72
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the e ERrePaB e Pl R R 15 S EhARE2) n . 20,
The preiolisty’Rlabirste stants-ig arescd 3htarid thaRjeidwed ehwbbitimean Thesad:
to secure the platfqrm 94 to the eyecup 110, or,any other type ma )
stetd B G A5 AR COL & Ria o LbBHE APl STsaR g i
conrsictedtty thateonofiisgs. tefileleetertiing WieioontdAp 1D iesianenih e series of tests
stem 132, to the

._controller.72, and particularly the t erature coptrol sy
priof R G R R Rl L eger AR G mpnents are
operetiripastiopenly. @ecisioa 0vakeRig 199, eléatpaicsrvoriRtdea. ahdal&iXontroller
interface wires are connected to the interface circuitry 98 that is .
72 S Rt S TR e ORI UK S dSorop Aierd24 0
Fig. 20nn&atestdp shechiistbiesetrrhesnted OF thekediebiarmieis 9gerditiy heperly
latf 94 js connected to the troller [nterface 76. THERM1+ and
el Tt T S e e tal S et SR (b gRersignayg been a
treatthenintigtenedng el Rnt ovidétansindicatiass e aeer28ue F the).
ient's eyelid.as part of a temperature, feedback mechanism to allow the
[00 (R} AN APEOR R SRR oA H5F DI A SR AR g o0 to
creald@aaien dirdist pieféirebRwhediisreh 206 iePigeialufese o stwesmtherig.
atirélg_ elergillcint 106 gpd the inside of the patient's eyelid is mini
[

imal,
20). SHRSR AU BEFEr UCRIGEE FHST P RATEa S SRS SRty and
contddaRtiesesastampAparesialasspdatida abturlitedspisieines, didheiands7?2

oy G TR i colng NG L mperanL o o,
Fig. n‘_e;.upﬁ s'BﬁtHQe&@ﬁuEEH&l@ﬁﬂlﬁﬁb@t&ﬁﬁh&hﬂfeﬂi@@@ﬁﬁ@@&%@dbﬁ@& used,
GRS U2 SToYSS replse ompetgc gl 0escl, g
20). WK 26018408032 HRICIshHrRQ8/A533@Peddtion with the installed lid warmer 90
after the fuse is blown until the lid warmer 90 is removed. In such case, the controller 72
will enter the reset state (step 200 in Fig. 19, reset state 220 in Fig. 20).

[00159] Next, the controller 72 prepares for a therapy. The controller 72 may first
initialize therapy timers in the timer and display controller 150. Timers allow the user of
the controller 72 to track the amount of time that therapy has occurred, including heat and
force application. Different patients may require different amounts of time for the
application of heat and force during treatments. For example, a treatment cycle may
include the application of heat for three minutes, but force may need to be applied,

disengaged, and reapplied several times during the three minute therapy time period.



the heating element and power supply could also be selected so that only

a known maximum amount of heat could be generated even if the heating
WQH$¥PIT6 were energized all the time. This would avoid uCEE2008/051309

regulation circuit to prevent temperattdre overshoot. [00151] Two

thennistors 136A, 136B are provided for redundancy and error checking in

[oofDFVALR0S S B dher é%%%&%ﬁ%é%?&@%%ﬁ%gg{?@ Heeas

sigral in ve of temperature
and ¢oemressuREBHIRIN sy e idie tocippty heat aiehfoeiito the ieutiaing ey éldids part

a FUSE line is,pgavided and link fuse 138, which is .also cqupled 1o
of aun ﬁ%@%ﬁ?ne}%s%iﬁie |§(%g§?é2§ Ilgt%?gh%t%s Q’p%c%ﬁﬁi‘?,s?f?eemgo iment
of theohidreltemep Unanserydanp Uiy icayéy dpplict) BREHNmsidHiciant iatiavsiogelid,

38. The controller 72 can blow the fuse 138 tg provide an.ingication that
and orck Rt B i S SRR s AR RIHSAEFS
HowevsedothehapthizaibmtroNaer? detddibe peseds ujipdy libgt BT recatachny

t the fuse 138 has been previous 2] Figur

k h ly hl . [001 17
part e o SRR Re S S mrcladig Rl el o the
outsitevitihepatizatitaiyétidshadissisaticmnbitimentolhapks sidcontrel

. system 130.contains an electric pump 139 to pump air into the tubing, 118.
pati L T Ao P R i s R BV APRILS the
patiénttheyteliing pif bfthedanthedajeaisiedreplald ang ihitflaiakieddpdierin
Fi 54 to altlowt e tro#ler 'éto raw in ai to the sg/ste éou e to inflate

g % TN SR AR Ao kPt SRR ARG, POBEE SRS noP SRS OPRLE
simatanepieiydadirgectatetycmeadinennsenbarBethainld loeeasienidatits; being
eyecup. 110 does not.exceed maximu ressure settings jn the controller
e o eI, PR S PP AN KRRl sl e ra or
monﬁagigﬁi@g&&dll‘] fa'ﬁbleiiubiﬁqédl@iii@iﬁi@mm%i@&:ig.tme)Pﬂ%?@hﬁ&@ﬂéh &2 enters
ubin 0 the pressure contro tem. or various_functions.
the S8 AT RO A (R A ko o0 L5208 155 s ARyl an
errodigtadtidsttoedy dfe Iﬂiﬁﬁaﬁ@b@zﬁime Btat%hﬁﬁ@,@@@ RibaROMIED| SHEEM d34r is
includes. a power.system 142 to provide power o the system companents,
detef et P e b eIy 3§ e e e EP k)
[00181§ro¥igarastbe-Daitariaatt Ao aihite videddiaibtRvspSa At Yherodecian
and low ai\)tte detectlfgrl}ﬁ'rcuit 146. If the batteries 144 are low in powerGD

states B HSE ER AR Lo im i foRted SrBPABtF Bty Shivdopre 48 M

treatméingeic A RONNBII3I054d iS85 K30R dixiard diplaydieassdiehed

1R70. The timey and display controller 150, is responsible for controlling _.
e AR eI AP TGO I RSl BB R PR

20. NiownlanstosiielaidlBeiispisiivsadrinicasnd nieatnilitecadascinthibuuser
regarding the confroller 72, including the low battery sjgnal.. The energy.
SRRkt AR e e G A S S S
will peQlgsteivadinimvaitageile\Sile o eatie diurdfiens udiae infarafdi 6 from various
components for operatiqn. Note that the present invention is ngt limited tq
comppReRS FNG PP PRSI SPPRIRERBA o b flsigSces to these
varid@9d&ip i temidica vl canthel ystaiont 32 eyt alsoneo kbt Bedat@his

., interface 154 to provide pressure and temperature data to a data logger
incluf e 3P BB A R ML ORI ZHSF AVGPRCL TS 1 e

tempéfaairaontispigytemnt 8y gy Highred ghat times can be recorded for the

. Thed lagger 156 may pe used to record d regardin tient
toot3f Fsad AR o B e Bt St e et
contloljgeT2lafienalidrwospied i) aiest ddrnagiondtoysh halisggerndata
o G e B Sty MR e e



[00155] The remainder of the temperature control system 132 consists of
various components of the controller 72 that provide the overall operation

WQAYEBR#ST of the heat and force application device 70. ThesBCT/US2008/051309
components are provided in the formddf various circuits and control
components, including programmable gate arrays (PGA). The

nents interact tagether, to provide a system logic for operation of .
2 R S R S B S e i
abo g sritdii6rbeloitagwhivtl déisiba H3d)odictieodisolastihatiysianenty tie

bated B B R B S g S SR e A

circuitry, an € provided usinga mi
is displyehonsibitiarey, dighayr88 ($6Q1ER]) FBufasind 36 ijussrde thelsiatattery

maghine of the controller.72 and the vari operations performed.in the
e A e R e B 0 SR R B8 i ronse
to thapplichatterydsigice séht fromehedobelaretydirgtibe cietdtéchbinagsiaiddhe
battﬁ!fofis? of‘1 flTl% vrilggus states, a high level overall operation of the controller
iEd8scnbedwith respect to the flowchart of Figure 19. Figure 19 will be

[001683usHatd baierjendddmmwiphotheirgrosisBtadasvbizigaake opnthslistate
machin the controll illustrated in Eigure 19. WO .
cont e A Focet A SO oS0 o5 TS il oamonent 74 s
instailed ¢hevisivhi2B8) e E ribe shb eonuelist Opésainneaty fogipeftishherivasbr,
force application devijc that Is carried out hy the cantrojler 72 and its
beforS S 8 TR TS 1AL aniOf RPNty S e e it
perfaant praystendid@sticaesdirRefortingeimbaliredis; aidpecpresamnivaniongnal
... T'he process stayts by the. cantroller 72 resetting in the reset state (step
indich e o AL BLRR IS SR b PSS ARty rte!
comparattedelstattdh domslintigsedtreprodimne dvd e fiaspicstaie Hisplacsdiand to
as a result of a poyer cycle or i w disposable.compopent 74 is
an oy RS S R L SHE 7b. BN P ames IS it B |8 gl mot
be giRatiesahtasisiQiigréeshaginnihg preaime it edarqvaenbt peoseddOiRmAR
. . and its.components are gperating properly (decision 202 in Fig. 19). If not,
indicgfiys O AR ISR SRR GNP Bl S B BRSSO D B EF AEF SR sor
134 af@prﬁtamebl Wtﬁ@flpho{dgyl%aﬁm ptasmzaéehscﬁigsmiﬂﬁtﬁ?@@escatg
“ isables the heater. If the contrgller 72 is operating prope ision 202,
A e SRR BIDF 3o L 8 B ARG RIS SiEral Tne
171 (seafiainé )¢ bigsirgibesmtiotio smeryidie StaiestdfR 2B (2D ane) 228t
Fig 20). [00158] As an option, the controller 72 may first blow a fuse on
PTEsI& i r%grléﬁr&? a%lf%ﬁh“b‘b%ﬁ‘%?ﬁ&ﬁ?ri AHHISE %ﬂ&?%tg%er?%‘ﬂ%he
resetidispthylfatiGedtow stafestp i irigdA0s. coRsdHET 2 Waivaririeh Aiposable
cannot be reused for. subsequent treatments for safety and contamination
comiaReTTA RSl (It SR O eGS0 SE o BrESTTe fBry ot b
0 mniidy dejestiiipeoh WhckdstconethadtifvReapplfitias Bedodrovinlstihel, a
eset state (220 n Fig. 20). If so,.thjs would be .an indicatjon that the lid
s AR 90T SVl 05D i S o 70 S e
leveldtopsfiate (step 204 in Fig. 19, stop state 224 in Fig. 20). The controller 72
iJL continue to allow pperation with_the installed lid warmer 9Q after the
LR A R O s
optiopallirdiesrmiineif eridisheIesatbidia (@iepc0 i3 bigwhdeeresss) 2Ais
checl|<nlchl)%l}? 8g'rformed if the lid warmer 90 is equipped with a fuse 138 that can be
blown by the controller 72 to indicate when the disposable component 74 has been

previously used for a treatment. In this instance and referring to Figure 18, a fuse detect



[00159] Next, the controller 72 prepares for a therapy. The controller 72

may first initialize therapy timers in the timer and display controller 150.
WOrpsrasaiiv the user of the controller 72 to track the amountféfHERAHHAS1309

therapy has occurred, including hea#énd force application. Different

patients may require different amounts of time for the application of heat

d force dyrigg treatments. Fqr example,.a treatment cycle may include
Y SR Uon Aok AIC! P /QEe i RS WBEECT fine 173
e oo song o i

therapy eriogd. {
svstt O S SR, ARG IS 42 R LR RE A R AP ebb 4 Sponant 74
has B&sh pnel theshyr essdirdfahetfodesy3blSMIO BPPO (RedraTIhaGR EA BN
th ati?n 'se eljg spartofaruns atg?é%i 208 in Fig. 19, run state 226 in
Sl R S TR e S A e
and 1rbmﬂn§m@appﬂeytm t]pep'uswibne eéﬁhﬁ;ﬂéln%em'ﬁ @Mﬂﬁdecﬁﬁ%tfpiffﬁéﬁigusly
applied to the outsige of the patient's eyelid, as_previgusly discussed.
D S £ h b e T 7o R0 b B oRue FTEpg ey 98).
The andtriliaree wiladisplait of thepatisice ey.e. oTESUPPeHtihe SHidsWEplay 88, via
the oytside of the patient's eyelid, and

i in t nog limited to both t
the {R08H3 bl o et 15 (e deabion R GRS yRAGneR 24 st be
repladt(sitgr 25D Yive fore @oiias 3d e tapparas wB4aeRjarse) applied to the
ient' lid art of the heat and pressure regulation in a monitor
too 55 R45¥ Tt 1385 s SR on Lo Spo8ab i BRsPerie e rion 248) or
if therfasdoh ik iRatdRbis 2108 iapRIRIE ivithe|tanaousty7n the IRtRNEH72 next
embod{f{]ﬁn so that heat and force are constantly bein%1 Lriij%;plied and

deterinGs ALt SAIEESEFRE ARSHR SRAPERIFHEASETAByA I HuH g bribe Grngroller

dispmutel?ﬁ%et %&@@hﬁ@r‘smqﬁg(ﬁﬁfaﬁmgp&?@m tﬁii(hcﬁé’étstftg@helzuser
ontroller 72 enters the, stop state to discontinue therapy (step in Fig.

that ?’%“r%%“&&i%“ﬁh 19X 25 rpemer SOn L R 9 Ui sBtoller 72

and M@y ileiHRemRAbeRAB(SRPLIBS. LOtLeRShaut B Sle i e tETdaS dsiardsion to
212 F;g 1ﬁéor the therapy is completed,gjecision 214 in Fig. 192. )

the cw&i%f tydheconrolshdnsd AivRines thiedempembisieiatahths ik

warriéd 190! & 3635 tRxe eobatld\akhts G Mtiaperafidd PRI tmperadyl end an

X preSSﬁ{e to provide MOD treatment, according to the disclosed

indic #h s desneraBle RRNDURSRL S hRAY Bek bR iRtialeH o aPaBes Ritelid

suchr@RPEsd iReiie fladeiartie fiatldiO7ane Heginita 490 RERIi Y Bigte 18,
Now, e&? state and their sgigcific operations and functionalities as it

thermystoF ORI IRRRE GL THE o Atib A5T SRR AR TSRS AFpREABPEdice

thernfi3t8A01 86 £OMBEHIGE e WikbBsaBRSEIIRFEhEh A"t dRéa S BRECRAB ontrol

operations require information from various components in the pressure

systemh A G@nIBd SRS eIRG SPEpEst mesiags (B “(eoBrdmpes agriRdstisniaird on
the AP ARPEISYVtELIPSdeTas toatenRPIDRGIPtoRaRisiRScRERIOAS g,

This includes reference to components previously and not_?reviously_

elemgnt 146 commpctirn @l he damacetrorstis did vangt PRywntlthe beapisfors
136 ;10868 2dadllustiaiRsatOB LR eéiliRrases stalRdeP(RERS8954].N¢his

controller 72 enters the reset state 220 when either a power cycle occurs

Proviges 5056 ARSPRRSS ARG SRS SRMRONGHLAS 1o s tpligdenhepatismiy
[00166FurB)ia, ns ke ¢Hte 7 IMG 20088 WeerMint /1Y SRACRIGARRE level at the

lid warmer 90 is lower than body temperature (e.g. 30 degrees Celsius) (decision 254).
This enables the controller 72 to determine if the disposable component 74 is installed on

the patient’s eye, because if so installed, the temperature at the lid warmer 90 should be at



45 232). Thereafter, the controller 72 checks to determine if the power
supply voltage is above a set minimum voltage level (decision 234). In the
WQIESHSREIEmbodiment, the batteries 144 must provide at leaftCXASZ8RF 071309

they do not, an battery error (e.g. "bA¥") is displayed on the timer display

88 (step 236). Referring to Figure 19, the low battery error is displayed by

imer and display coptroller 150 on the timer display 88.in response to the
tas) GGy RPN LR SARERIBS PLE VAR ORI BRI oo
tempevathedarn/csignaldinest48.g [BD0OS A ie: adtting bA4IY 6REPAUGRY 88 in

sufficient voltage, the controller 72 continues with the reset state 220 by
respRESS ARG e et a6 ITRBRIBH ot 79 WerR P e dbrgymnally
low 238).286)0t Ttecoars ¥ i deirsafelydal © PERIBRUDR HRVREH RS PEBecks

oing.to the state 224 (step 246), the controller 72 takes the
to e%ﬁﬁ%%h&h@@%@%?ﬁﬁ ﬁg&é%eﬁa iH’@WE@ﬁ‘@f&f?’%@@f@ﬁH&B‘ BH§tHY 18,
(dectbonyessupe B3I 3®y signal indicative of measured pressure in the
Jressure level comparator 162, which

00‘{: ?:’Fg 18 communicate@to
100165 e S YreRsFLice 86l AoNFETET Ll BREhay TR peature
(decBitar Bpckisg i Susten d6drdaallis Meiaigrsaiad e R RErMES 90

should not be, greater than ambjent pressure. If the pressure sensor 134

is at SRS ik G Rishat drreveruldhbrerpsritbrboradhssrpy bapbesun
(i.. HiDIRPRIPBEAIRNNEL e DIRSSLR SEBRMs} fdeBiav IOt DE TREY Ali0be

properly. Thus, a pressure sensor,134 error message (e.g. "E 4") may be

indicHUXERfAR S MENtiRPaTapiss, e isdesmad o highio brathesapign i iman
errorlrfidstage (eigure 16%) hajore dip 9By ohaheiars S RIP BSR4 @R ck

6). If theppressure sensor 134 is properly measuring pressure, the timer

contifL {56 f RO RS RS PSS Uk Enisrs the Sopputiisesdis i 262).

If not €6 @BH@BRErWiVV aHeKHE PRISROS RIS 60 B ANSAL 14 85 VstRlSessure
(decision 238). Note that because ambient pressure may not be 0 mm Hg

sensQfehish dfRPIHHES IR dELis M aitcatappras siner thes wmliercAdims ot
inﬂat@detﬁb@ﬁcnraszsmd@éﬁkiatélaqqeéaﬁleq@iﬁelﬁa%?m@ﬁm%@aém 264). If
a

threshold pressure level is 1 psi. [00164] Once the disposable component
the pressurin gl v EHMRHBPiPD PapSHES: BitiBIRAIRE A ERdinaEiontAtamSEor,

such h3u0BrbEWRIVREPRI AR SEHQYN $AR% I BRDSAS) sdtliseClTE B! 3R Wre level is
performed if the lid warmer 90 is eqzzlpped with a fuse 138 that can be
t

lowep i aggpiRet doriBiRthecRniFRica 2wl sheekdr fesamiac Hiisomsinry 4

voltagassieencriaviaasiorsest foma f@g@mu this éa%&%mmggﬁ%ﬁﬁm&@zsa
igure 18, a fuse detect WO 2008/089327PCT/US2008/051309 46 and

F
257, Bitv ettt es FupaHamie dacpnysie derbcQignihasoaerics e shecks have

been ReebEL] themdy 3 aEhihe INRYFGREHELIELABIRG MediPRasalife timer
co%)onent 74 to the error check controls s%stem 164, This is so the

display & shere 7osehl ddisaisitbeibasdnaisgotacsunyserion (uenad BRegrond
counfISWIDIstBp UR3Y. IThER IHESII3S ISV HenBR-CR AT OH&Trd hRiHAGHBUQME Tevel

therapy to be provided using the currently installed disposable component

in the/bing L85 104 higher hreeabisnt mipesere Rigb dasired Bressurrlavelithat
woultPRIARBRAMYE B BMaHRl ket JisPosRP I AMErVAMRIMHL PRYE Btbs 269,

intact fuse 138 on the interface circuitry 98). The controller 72 will .disc?lay
271) Brferearasecdingdqdhg e state R gnerdhsciugrsplioy siata i Hé modded (step
268).signal line 170 to indicate to the user that the disposable component 74

st be replaced (step 250) before going to the stop state 224 (step 252).
[001 g&i After leaving ghe r%set s?ate 220, the cgntroller 72 IFr)lay go into t}(le ﬁ?se blo)w

state 222 (step 272), which is illustrated in Figure 22. If provided, the controller 72

blows the fuse 138 on the lid warmer 90 so that it cannot be reused after the controller 72



[00165] If the fuse 138 is not blown on the disposable component 74
(decision 248) or if the fuse check feature is not included in the controller

WG 2003328 Ttroller 72 next determines if the heating element 1B614/S2008/051309
connected (decision 253). If not, the4fontroller displays a connect
message (e.g. "Con") on the timer display 88 to indicate to the user that

._the heating element. 106 (j.e. the lid 0) js not ted to th
5 1R 33 TR B e T oL BRIt s

suffieiementbattisteosnected thet AUSBBICHAY Tide theicpatiolae fiz@dstect and
determines if the temperature level at the lid wanner 90 is lower than room
blowg PATHHG G A ITURE FHE LI S RS R AR RE R e
72, dispasable carcpoosndl /s sray e, becinskeliestor« patertseymidasich
that. the user is ready. troller 72 10 begin therapy. Referring to
s O B e IS L5 SO 0518 LRl RS it
seveaignahaémemh tthe &wwsf@radﬁﬁml;&ﬁ&ﬂmes%@%?éﬂ@j” may
component 74 to the error checking cqontral system 164. In response, the
be SETAISA TOLE AT PRy e AR BE RS e A s T SftRar 24 (tep
280 Ylispiny B8e($88i2hRccbERICP BlooHe e dvilbeIRliIMaasiealie ek SheviRAREhpy.

element 106 connection and the temperature at the lid warmer 90 until the

The fODIRKEs & £36AS 5l aat MR SFAER &35 rodhisteRptahipiRe gxecuted
simgtaaieisigecisipy2rat. ahQifopsevidhs pareatassiRdas Wil A endisrasable
component 74 is installed on the patient. [00166] Next, the controller 72
tempErRtEe ARG STSTRIRARRIPIHERS &Eétmomm at the lid warmer 90 is
[00169F tFigarbogd)illestResatHEa(R @aB Qe HRPS OBISTTR (HRESIRD 2Dters the

This enables the controller 72 to determine If the disposable component

run spate2abita RegiBiheraRy tEriarR thtesatyatetZh Slaneo8Ha Fig. 21) or

optidaaNpetai b afifetidwanteerdQsheukb be Bils. W, The run state 226 will be
2008/089327PCT/U82008/051309 47 least body temperature. If the

discyssed Belons dhe mmiiar Hatmes Do RisbisAl stateshin Fighise radrand 3 Fror
Turnii@IsaUe R 33, e Nui st te @ 2R b9 I Eolirsll 3P Ry B Eesepase

to indicate to the user that the temperature at the lid warmer 90 is

timer, gpd, Reaifiig A COUPL SSBY HHS ARG rernLIR HEre yakleRrogrpamed into

the syx&@ﬂg(@tspezegyiemhﬁ@eﬁka@mr@léhﬁwadwdfsﬂageéo%&?l&rqes%ets
Installed and ready for use in therapy (decisions 253, 257, 254, 258).

the tipsiss 7] s rounh daumahis dispine f et lisp o inble Glgtimer

will taiReeRetreefURGHEBE G bITHE KANT BHE T4 HYER IRIRTRIPER Hith& display 88
temperature at the lid wanner 90 is at a temperature level that is higher

) p | A .
is used 4R previdedbesyRle ugari cMBidpyHIR SgiRTmation Q gatser.
[001PO) PenitElisyRh R BmBB HARRSH Sl IR R iR MARBht DTSk RS orce

indicative of an ambient temperature that is deemed to high to begin
shoutd hegpplied Gontrsieusliiodbsqetieny s eyebd bﬁgyeobemggﬂywén%h@e
discliseareHisBEm R QUi &t af SheRLRABIIPhe KD dRch BiRe: 26@kehstare

the controller 72 enters the stop state 224 (step 262). If not, the controller

therapyj tiae fpriheabie bearplisdkiadhg patignhg evelidyidni e disclosed embediment,

the cdith dOVPRNEHEr REQSBHI ehiR¥ShifALAMINEN RSN INERL RS T RIS the
72 has not inflated the bladder 114 to generate a pressure to the patient's

theragye|theEBIR ATo 893 oR brussrdeRIeyide 8l Visnahiming indisateniohesusse but

are atfsuseaydeoatdNHiGRHAN a6 HFREaBHRRARAPBERF MWRTAAPIGHIE Further
sensor_ 134 qgr the power source. If the pressure level is lower than

discusitiehbpre BTy THETONHAIRk72e Afcd aRIPTO SRR AT THE oA @Fp Vided

by théaliRg®ithsdigiemetdcision 261) and repeat through the series of checks
(decisions 253, 257, 254, 258, 264) before allowing therapy to start. Once
these series of checks have been satisfied, therapy can begin. In
response, the controller 72 will cause the timer display 88 to be reset to
indicate the beginning of a therapy session (e.g. a 180 second
countdown)(step 265). The controller 72 will then check to ensure that the
pressure level in the tubing 118 is not higher than ambient pressure or a
desired pressure level that would be indicative of a pressure sensor 134
or other problem (decisions 267, steps 269, 271) before proceeding to the
run state 226, or the fuse blow state 222 if provided (step 268). [00168]

Aftar laaviinAa tha racat ctata 220 the ~rantrallar 72 mavs Aam intn the fiica



48 is reset (step 273). Referring to Figure 18, the error checking control
system 164 causes a sufficient current to be sent over the FUSE BLOW
WRRR0§939837d to the fuse detect and blow circuitry 168 to blowRG&/HSE0BH51309
at the disposable component 74. Thé%ontroller 72, via the error check
control system 164, then checks to see if the fuse 138 was successfully
n yia the . FUSE DETECT line 173 (decisi 74). If not, and after_,
roo A3 Feetisc s RRRLTS G QBRI B bl B Reiied t
the fati@ntts eyelidhaiabieedRhwtaiee 00 dha tislendigntp)308)(Sie BEShhRIOT heat
oing to the stop,state 224 (step 280). It the fuse 138 is syccessfully
ther g8 S RETER e P 1 AR BT RAE, O o i hap g 88 i the
dischisigl sritte dithean (5w BI0). SRaiReAdtoIABusieR, 22IHG 4R ExesUisatroller
simultaneously tqQ apply heat and fqrce to th tient's eyelid as well as .
150 R PRI SR e O B BFEE 8 ST LI o d6vacs a ld
wart@@ o}binure783d ppratesclbernton sigial236hstep BPOR-ThelJIRKAIER - lines
... 72 enters,the run state 226 to begin therapy either from the reset state .
in g SRR SR L6 505, TGl 0 RS0 e R Sl 595 g the
lid vedizhi Sido22krgize dHa séateateertilonddineieasedRaiorerinel i onitaler
state , which is illustrated.in Figures 25A and 25B. Turning to Figure
conté%ﬁ%ﬁﬁ%ﬁogfa?gs s Bﬂ%%wfgf?ésﬁﬂm% 99 SiA G HeqEretieel to
the ladiedanmg H)GC;:HB\K’@WH bém&&pé HRheau eswoltene b@&heﬁloyed,
) ogrammed.into the em (step 302). Turning to Figure 18, the timer
incilgy Shigf 16 P s isintbrEcated s A LB
conteifieteySldereherésiEthisplale Bt Masaysiestimed (dHsauas 089, iR has

(display 88 to blink at the e% of a %cle such that the timer display 88 is
eXP‘ffée&ﬁf‘ot%?ERRéié‘Pﬁ%r e ats BRI AT (Sep
310)0Thik Ihetaasdigedaaest anhosi mgelsdd S pedaibngyisdh e iRt Phe pause

ntinyously to the patient's eyelid

time that force should be applied ¢
stat gﬂé %ﬁﬁ?@é&géa‘ﬁﬁ Ziﬁ s‘@lﬁé@odé?ﬂb%mmw&"fs set at one
[00172)utas Thecgelentidortadinae eigpiha (alisherapy)limadar Neat thebdHeutic

applied to the patient's eyelid. In the disclosed emhodiment, the count

teMREHEARS [BPSHR RIESTH Hags if chasksd (dreisions S ey dibs Low i)

Thed®' 81458 P Yet THIEHENBERiE6E SRAE Q0B 44506t IO RIAVIGB R Mig AW HIBHE illustrated
Jindicatar to the user, but are also used to control heat and force

in FighrascZiid g fhd padawtis b dngussedirtor beithe r idbissepiat altbetifmer

requielRSERIg M DB AR’ PALRIPEIRRB NGRS HAEtRRSIRERIIJ AP0 ithue.
user.to the controller 72. WO 2008/089327PCT/US2008/051309 49

If nof gither the, st Hake s AP SIAlPE SRRYFS YREmY 1R S22 At 308,

317)bgiRpeligteted heiondipmtmayelsciis e itnuaraer0rank itk jansd pieperly
304). The beginniﬁg)of heat therapy is signaled to the user by flashing the

set, the BAimS P s drsremsnisy Saththseriad surean srrdinrsenieiapses
(step3@4Dp, Bl Hedrigs ehibni TR QIARMINBED CRIUHEHAL PR GRHSES Mat at

enable signal to be generated over an ENABLE line 176 to activate a lid

the li rarme 30 the herrnp bire s srsrnlets) (Srpisicn 1pd) HVRSE RS hREPY
time HECbEBIHOE SiBatiBelRAtEROIGS 1AM b2 B RERAE iR kBI o WA $CAHE ime

the heating element 106 in the lid warmer 90 to energize and generate

in the, digclgsgeephndipe iyt therpY dimsr isstanse Shtep P24)3Klibe siop state

224 Rea1eEIe AIsEiMh iRt R R Paa e Slarsa)siasy! to the heating
[ooﬁgﬂem 06. However, any type of heating control can be employe
i

aigoGdestHine R SR fe Y ipi o ditisiraind iﬁ%@%ﬁ?@'a 25A

and ZEEDe¢ paniealiare150 daten@ines deot vl iggkastaet 29isatustrated in
expired, the ther timer is paused (step,308)

. (decisign 306). If it ha [ y

Figuig 2t S RRSRIR 339 15 TSP () S SOFT DR b RS RR R S e 06
must be released before therapy can continue. The pause state 229 is
illustrated in Figure 24 and will be discussed later below. [00172] If the
cycle timer has not expired (decision 306), a start, alert, therapeutic
temperature, and therapeutic pressure flags are checked (decisions 312,
314, 316, 318). These flags are set by the monitor state 228 as part of
error checking, which is illustrated in Figures 25A and 25B and will be
discussed later below. At this point, all that is required to understand is

that thaca flane hainA cat maance that haat tharanyvy ran ~rAantiniia |If nat




[00173] Before describing the monitor state 228, which is illustrated in
Figures 25A and 25B, the pause state 229 will next be described. The
W83 229 is illustrated in Figure 24. The pause state 2P9TUSANEE1309
to disable energizing the heating elefflent 106 WO
2008/089327PCT/US2008/051309 50 and wait for the user to release the

force.lever 86 (or other pressure contrgl mechanism) before re-entering .
and R 57 R 05508, S Ot T RSa S AL GRSHER SR e R ism)
befoiear¢atireniiy eyelchdiind2be Ehiirentiesahyatession wilhauitumarelipptid to
allow plood flow in the eyelids for safety precaytion reasons. The timer,
the ST o SRS A5 T SEL RS L P GRRAI Bjow blood
flow trirthyiegede fsrabletgipreahiiion tbas&lNABhEiner b8 dsPreylebwasine 50
contyoller 178 (step 332). The timer display 88 is paused from changin
firs GRS &fc{bﬁ#ms I Raay et ekl siend G e SNABLE
line 0Z6UY €t (sdepsarié 3B IENETSt arteias 29. ClTRekRA(UREHIHINEBISHaddd) from

to, ensure that the user has released force so that therapy can be
charg 6 B4 LA A 2 GBI 102 A SR Uk FeEleonoo Boeymd

(step3BB4, T8 statidlsgrisiegtisoeckeat(He tieonomEr 3ta) el Buto QlA4he i@ has
start flag is set (decision 336, 340), the controller 72 may also check to

releasapbiorsh st Rerany Sal ke 2esiciat inwhishsase e svatemyatims back to

the fi{eEhOIZREREUDYE Bt Tgthisdnaydaesadicaiymehitoe fgsting.
ent 106 producing a heat exceeding an upper temperature level of
oo £y

Jidhesipitdlpes et pderime Rt ReicHY 389 corupliet dreramcibiucheck to

deteRAMROHMEMnipisatpReal (RN iiwiR PR wid e waldsidd dagtasr
Celsius, Howeyer, this threshold temperature level can be set to be any

temperatyre devrl 1LV HHsRRYPadticaiYe b thsracaiing elsmsatdiberadusiae a
heat @x6e&1iRg athapiRReTpidit I 3NaY T 8apio bR Hﬁﬁtf&ﬂtmfeﬁ{&ﬁﬁmk&cismm

condition to the user as wel| as an error (e.%ﬁéE 3") being displayed on

337, i il R s cimbosisnend. Sy uhore rarRAvERdrveidratis 43

degretQITslse 2 Bibtaiens Bikhadib1d @dgahihe 1N dan stader 28 8dsiny
illustrated by the flowchart of Figures 25A and 25B. The monitor state 228

temRGAtEHIFShHER N dettede it dhtrehaithipusiatu sy ds raseded, the
tempRAdiaRs QiSyRYB2TARIPES AbK:bt6NAGKAk YRINBINAIBIStO MR 384 ad 3RB. as an

and pressure is checked using pressure sensor 134 coupled to the tubing
crror{5eE T ho-t SRR TR SLEL e HETRp RENE S B il b
contRMERTTOnERIgle op/itatb o8 Mpgratars augh pressure displays 82, 84.

[ooﬁéitemperatu_re and pressure measurements are analyzed to ensure that

rrdNE SARAHOR SRS B it ilthstaiedhydiie Howehmibafbisstss 2528 25 B.
The HiEhRbIQHIE 708 WialtEodRAAuWRIS LIk Gx B ilRthHHARRPHRNSHERIBREd to

monitor state 228, when th_erageutic temperatures and pressures have

the pgtiept sevalidh. Toowesgtits insgaekrigina e BIRrHg eEn 36l A Bopepressure
is cheYRsib2peia Y Resdf 113 tMResab 1eeifuBRRY €13.tTRS RGN aRITIM

temperature level failsafe for safety reasons WO .
mea%ggm@ggg&ype% B@G@S’R)?fféb@’lﬂ'ed on the controller 72, via the

temperature and pressure displays 82, 84. The temperature and pressure measurements
are analyzed to ensure that no error conditions have occurred. In addition, the monitor
state 228 will signal to the run state 226, which is executing simultaneously with the
monitor state 228, when therapeutic temperatures and pressures have been reached.
[00176] Turning to Figure 25A, the temperature control system 132 determines if the

temperature is above a threshold maximum temperature level failsafe for safety reasons



(decision 352). This threshold maximum temperature level may be set to
45 degrees Celsius. If so, the over temperature condition is flashed on the
WQaMiséde display 82 to indicate to the user that the tempeftlrE$308%/871309

the allowed temperature setting (stepl354). Further, an error message

(e.g. "E_3") may be displayed on the timer display 88 in the same regard

ste )..The controller 72 will enter the stop state 224 (step 358) to halt
(de°§ﬁ€£§§§.3ft lﬁéﬁﬁi’éfﬁ%w PR TE BB bE e clegares
CelsmpKrsiiLies bvestaigeibrrertonditioekin g 08l olahehaakstmredifphs 82 to
. d.two terr‘]%peratlﬁ?trfrmistors 136A, 13%%a$&diffe ent in value (decision
IndicB YO -HR WK 1AL 0P 1TBRCTA BB H PG ARG FErPeLig fstting dstep
354)epeietL e in@mmga@awlgl 35Qﬁr?ﬁﬂﬁﬁb%&ﬁbk§il@9?_*§ ?H@i@ﬁérétg aég%ﬁf;ess in

temperat ro ing applied to the patient's eyelid (steps : .
the SERE RERL] PO per G EPTHLE (eIl G5 e O 2 S RHag) o
halt @iLspep Bahe. tiRefdfuid e tRaRe feivitenOtie HoeubostOhbIe sats &Bnperature

sed to measure the temperature is checked, again to ensure that the
e BT o IR TOEAEI T S R S Lo e RBEAA themmistors
136All0965bled @nfResat ey algiRi(dasisioredel). PREAUEARNILERCISON, A6BB Prihading
perat%jre has exceeded the maximum allowable temperature, the

te !
the higher readine i WS6H dRF ROPRHHUEEE SRPRUCTHI AR A ReditigRa haresRMiiaR to
prevésieRsBBdfcIomipdhiidiieh timbepiaicawichediiRiins iR lid WRENSE2, 364).

controller 178 may be og‘g_gn_all checked to ensure that it is working
The maasined {5rapRarReH diplaned g Hsprawpesaites sarlar $2(¥fn 366).
[0047gN thigeSwviipbrisuter netOfhaiRifierQDER R s G dine niSirehigure 18
(decision 3701(.@” the heater switch driver has a malfunction, and error

tempgralie 48 qhegkeg againdp ensurg dhat the e wnarstigsat thadislyagmer 90 has not

excebtibe die thaxhatevarevably etRphiatires dsieRsd/shfethNereaIieon {aeBision
enters the stop state (224) to disable the application of heat (step 374).

368)0bthe femPRrHEER SRS RIRGSHREE [ SHERIA R BYRie P esrie. Shosaime

stepSprEeIBudS peITbIaRd dhAior essie iavekinEhRHRINEIIAR s 3bVEsH858). If
maximum allowable pressure as a safety precaution to prevent too much

not, e 8eRfRE AU R LBhedithREsA SRt srelifs @nedisr Artipaplly shecked

to erlfiOMAT RISSPOHIEROBSHIRRYISlisRiavad R hdhevRIESSHEE siphiay B4R Whtient's
the timer displaﬁ(e.g. "E_5") to indicate the o.v?};t@(essure condition to the

eyeligowhqaiys svHChgoPRad R Yt PINENE sisnaklno 4 $0ipEigns o

(deciBMBT PTERSH S RBEHEORENIS i {RE HACASHEBENRIRTS iRl ISrfis Riayeg Ot the
3 7[,),re:ssure display 84 (step 384). WO 2008/089327PCT/US2008/051309
E_T5) mayibrogrpesated-om dastitesr dispigu 8818 indicateyhehardsiaminibeatetbe

user [SrAPSTRIUrEIR! dhadid NainameRGe sop\eatletey apeulisIamPesatidiion of
settin édecision 386). This is an indication that the temperature has risen

heat (§teRS i@ warmer 90 necessary to provide therapy and so that the therapy

[0017BP" Wik_aameHadR iR EHN SRS ploperh FHRBRUGIS TOMBRI 8 ¥&n

setting is set by the system. Alternatively, it may be programmed by the
deterinesrifdh erestireieyer i theruhing Jdfait ARy ibsvaareta alissvaile

presS@PREFAMERSHIENAIGR SR8 3EFlo hRIB REQUIS fRMNRIARIER 1AM ® 38E
. (step 388). It not, the therapeutic temperature flag is cleare }éstep 39%)35

patieFas]ith (desitifariffandé sto therAyer aigrauinecsidition is displaverhemdsir
pressit@ BIsIaYSt iRnhehéubing a&%m}%.@tivg 1R RERIRRRISDISINR:

atient's eyelid is above the therapeutic pressure setting (decision 392){.

pg
condifqu 1 the SR Briees satriRe e StRp sihgidsisrd$hoLf no
over preyide hinidinyeed $6 thahibasthelapysiimesisgagedsate dbardQisplay

state 226. The therapeuctic pressure setting is set by the system.

84 (Sme}ﬁ@dvely, it may be programmed by the user into the controller 72. If
the pressure level is above the therapeutic pressure setting (decision
392), the therapeutic pressure flag is set (step 394). If not, the therapeutic
pressure flag is cleared (step 396). The system also checks to determine
if the pressure level has increased to a minimum threshold level indicative
of the force lever 86 being engaged by the user to allow therapy to start
(decision 398). If so, the start flag is set (step 400). If not, the start flag is
cleared (step 402). [00181] The system also monitors the temperature

tharmictnre 12GAA 12AR +n Aaoatarminga if thair maaciirad cinnale trarly aarcrh
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the last state of the controller state machine, the stop state 224. The stop
WQEN8/989832 entered when the total therapy time has reachedB{STH/&3¥8/051309

maximum time or any error conditioddccurs (step 420). Once in the stop

state 224, the controller 72 cannot be restarted with the same disposable

t74. fety. heating signal to the heatin

o0 R S e e
the &y eligh{ricp042 apokvel M?‘@mepmms&tﬁﬂge(ﬁ%%@leawhﬁ T086s is an
. ..can also be disabled as a further measure to ensyre that heat will nQ
indigen ot Uhe SFPSEFIHS BAtiBAER AL e ATISES)) ARSIt AP R ide
thergonaed torthaayhbehasisy ethte dilvidoashsersorthe aihetaperstionad data

to memory for data logging or for testing, If installed (decisjon 424), the
therg e BB S0 1 A T o AU Ro 1 ELRN ot it
- progeafioned badisutbeinaniie ln#dltarvzhétththemiriusues theteatery until

the controller 72 is reset tqQ enter t eset state 230 (see. Fig. 21), since
e TR TSR BTG AR oh GRS i o e i = et
(ster{388isi N2 hsteRrABANY fhajastaertepcioticana Gtelledoshe controller

[ooiiogggtinues t%lgheck for installation of the o tion?ill te?fet connectqr.as well

BTG R BRRRT 1R SRR ARG e D B lSoudr tespy s dhpBressure

in thinaidligd1a8thelicaritole fh%i‘ésfﬁﬁe?]@&éﬂ% tthe p@ﬁeﬁtsgaéhsae%aQs(ss&inme
21). Thereatfter, the system enters the run state 226, in which case,
thef‘iﬂ%?&ﬁyr&éﬂlﬁeﬁm‘a%ﬁ%ﬂB@ {'ﬁés) F%P%b%ﬂﬁa dlendfatifiaotesichas

riser @4 HSPOSERIS A9TPPRSIdc thisatistalles (R 1BSIaMies R 3alilkesinitlate
. . an alternative embodiment of the disposahle component 74B that may be
in thg rn SiALG %Ethzhﬁr LARSRCA R S PpRPRdSS TSNS iematively,

it mfyabieptsceyalictappait abéraatingdtdhiroleiliustiied dsigneasvey idabove

8, the apparatus comprises.an insulator 440 and a means for applyin
the tﬁ&r&e%wwaﬁa SGHESIBS OB AL AR BRERE B g s (step

394)insehato tHEAQdfpOntapr iBb @ag AndloaDisdps TN vVathy eyafdneaRyeRlbks
442, substantially similar o a contact lens. As employed herein, the term

to deﬁ%l%‘idgt% Rfféﬁﬂ@d"t&eﬁaﬁ RELGAYLI M IHEHR tshalddresbindicative

of this fore@levdLSBRNEE dagthRdMb3 ERNRVEHO AR ARttt d8cdiSion 398). If
surface of the eye than tow&rds the eyelid. Stated alternativ@ in the

50, the SRmt SRS FRES SR AY) ha iR HicTar Hag s Sloared (tePdfi than

[00181]ardsh g a¥pbal SHidaae i thedehfRminienEza s aeIIbIi 96Baysing
injury to the eyeball 442. In the mg&l‘gll that was constructed, the diameter

deterplné il e msasHiE S inals iRk sheh hsb ascinimnieatipp Rhvhstacrdhge
therrBfsidrs V482008039327 R6 TbIBRQA8HRE Y0 HIM0A O PR ETR MRS S

r sufficient for most eyes assuming a corneal relief zone of approximately
un 1kfgy

PP drResls 5RE B UV TR TRRIE P thEFYs Andikgkind
in re¥oisB ey Phelsthife anRE SHataH BP¥ee properly tracking each other, the alert flag

is cleared indicating that no error condition exists for the thermistors (step 406). If not,

an error message (e.g. “E_2”) may be displayed on the timer display 88 (step 408) before
the alert flag is set (step 410). As previously discussed, the run state 226 checks the alert
flag as a condition of allowing therapy to continue. The monitor state 228 continues to

execute in a looping fashion until a condition occurs to place the controller 72 in the stop

state 224,



[00184] Further, the insulator 440 is constructed from a biocompatible
material such as polymethylmethacrylate (PMMA), or in the case of the
W P888t98982hat was constructed, epoxy or other materials wellB&oWA?488/051309
those skilled in the art. The insulato$340 may be flexible, but ideally
should be only minimally compressible, as will become clear from the
isrussion that fallows. Accarding to the invention, the insulator 440 is
1008 Rt et el O e € actons thstop state
224 efbkcapdiaholld ischidecdwhethtiedges deapy diio ko atabhed Gt gitkhar
the eyelid or the eye. As ysed herein the term. "eyelid". or,"eyelids" is
xS O A08 G2k SR ARG RSHR-r S RSirB o PR 72 the

contesiiebifatimot be iestattio Wity exine dispbsatid platamarinst abictforge
may led. In limjted circumstances when the obstruction in the
reas R AL EHe DRI e TR n LT SFPERAFG ndph et from
D och ne ento 0t bieee. More soeciicall. i o eaty - e
e such as gentle finger press. More specifically, with the insulator
et AR T30 A B 64 81 A BBt P16 MR D S apeer
be appiitale didpateyelidejibiédayaljddasingAisapdviehaet heiietst hgyfthdektalled
; danq[th(i insulator 440. 00185(11%1f%her instances, the meibgmian gland .
0 doyRPRALRERSHAY BHBISRRERY NS HAGrOMTRRIE TN A3 R dnGsE g o8 itine. 1
instabledn(depision Ut pltinaidn sushbeakssnlosdee ¢ 85enot0 RRPIVDITIMIRce the
energy to.the eyelid.in otder to logsen, break up, fracture, soften or lique
reat SRR A 1 SIS DI DI o2 R AR 5.0 S BES dgh
the conedlfdh?vietekeray sriee ansrEe ipaky TR tRes L eDEY gYeaRESontroller 72

. __modalities such as resjstive, IR (infrared), ultrasqnic heating, microwave,

i 10 ST A HEh BP0 TS A SR B 0. T the fest

coneB¥RINBvICi ieRdikkdNthE ol Idmmlesnivnne st ehednTpreastallation of the
Experimentation has r veale%[hat in order to be ilinicallg effective the

optioRaLRFLFRAEFRS A arliAbReHoRER e sThlsNRLERegh oy MR aeep

427)Qaltlieilandndtaldabse et Coltivler NEilcRgH ©fdiftee das biiehdhe?Bdsee Fig.
ergy (i.e. heat) is applied {o the eyelid depends upon the extent that the

2D). B BT SRR A YRR IHARRENSR Gt Hiergy can begin
agailcefitpabdianopictirl plosk dedienminatedyafiiAGiceRERPpoREFE i fimanalied
X he eyelid for less than three minutes or even as little as five to fifteen
mstagefonds. On the other WO 2008/089327PCT/US2008/051309 55 hand,
[00188] e PephtesRITFMAK et uicaRS iR ambodinmBHNeeseQfifiRatBR: to

melt, Izﬁﬁen, or soften the obstructjon prior tg the application of force to

compppeat B {hat pppgle sreriayed Ry e areRnb i eRpeR iemalidkepand/or force
to thésakienre\aladdhpirthsr axalids MeBffigienhiaateIEIRIRAess MWithd 28, the

circulating plood actirljg as the cooling mechanism_and that the eyelid

appagA OIS SLAATSHHRE ARG e 2 Lasans haPRirnedorse ihikR BrRHARd A,
91B, RIbMCALOTHE HRGHIRNBaRIE Kbeh Sk daéiant i Tiigglis HolscHiRIBIQHR MeaRbRdYOrs

to apply the aforesajd expressive, force tg the eyelid within that time frame

the cyrvyes b ihREXroathidn: eybstratiplie sinilanio A copiank! sy et hrasigned

hereiR! el Fhaulait™ g irfdenasiienidelede arti e RS @R Havssikd WRSHEM!
of the meibomian gland orifice should be employed. Again, depending on

there e RAITFd SHRPRICRIN SIS BRSHFARRT, AR IAPRLES The rirdack 2 the
eye thanatfeativetie soad.istansakeiANIRIY, TReHs stialoA MmN SRERS radiates
between the rear of tpg yelid onéhe surface ofgt{?e eyeball 442, as, .

more, s QPSS AR DA AP ARAA ET 6 SRR fOrEnipie the
possitilisyressusiadornieyayealid dyebaleambodimenbattieinvandsstthasdahe

. _energy is ? lied as described aboye such as vyitlé“ha hot compress, and
dlamﬁ‘i%‘ré%ﬁé AT RSPV SR RafRLS PRy Rt itRer b
be unheated) is placed on the outer surfaces of the eyelid and force is
applied thereto to express the softened obstruction. As illustrated, the
eyecup mirrors the size and shape of the eyelids when closed. [00187] In
Figures 29 and 30, the insulator 440 is provided with a heater means or
heater 448. In this embodiment, the insulator 440 (e.g. lens) is concave in
shape; however, the curvature is greater than that of the eyeball 442 so
that an air pocket is formed between the insulator 440 and the eyeball

NAANA9 The air nneclrat nronvzidace adAditinnal incrilatinn +o nreviaent thoa haat
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accomplishing the foregoing is to provide small air pockets in the lower
WQZHFA8%32 which would add additional insulation to that layfCTRG2EE051309

Heater 448 may be a resistive type Réater, a thick film heater, or any one

of a number of other types, such as a "flex circuit” (etched metal on

flexjble substrat known to those skilled in the art.
e R R R R DRSS i m DAL et o

apprpteitforte] 1 b6 imwHicwil dsteoted havadset 5B atahe deine e herteisdiifor 440
batt thermal contrgller unit 462 (i.e. temperature regulator), and

can V. Eﬁg %68”[@ €S Stal eff %i)l
Ohfo SWitch A6 &8 Tocated The circuit comprising the heater 448, a
[0018A}er Bathcr, thecinasdabattbly 4 &Onthexned| feomteobiriconipAtdie andeiiofich as

switch 464 are con in series. The thermal controller unit/thermal
poly RS S SR IAIAN o TR 6 SR PP e e doieted.
epoxypmesttempetatiate weibkhotdh sudiosssilied degreas. Chisiugsiostexantpigay be

.JThe thermal contraller unit 462 may also be designed tqQ and turn off th
e R R e Sy M 6 S, B A oo
the disewsymtidistollowsdingdisdimg, tnthe inkentiate ¢ hodimentdh a heriesd on

448 may be connected to an "off device" pawer sour grg]r ugh the use of
the iR eE S B S B e oo Sae B e hait s anepias
smobthiedgiEigsoawoack seratuh dispasaidler thngene o et Figsisiern the

Rair of Qppesing.spaced apart cantilevered arms 470 ext nﬁfb e .
e T 15 5 S/ O B A BRSO v selafigher i
singlpoetheombinbacg TABtndafins: Hidan itdeslplirgpla: ayatisp WwHicHadhe

insulator 440. The respective arms 470 are tapered towayds each other
may BE SR 5 JHRLS ﬁ%?é’l‘?‘itﬁct??evétﬁb@?@%?p%}%ﬂ‘\&ﬂItﬁg&ﬂ@%\ﬁ&e&]&md
chanasl thentigiaslp iempiieeeds. g besdy bistiateetimElgyrthndfte the aipl4Gon

fits into a ¢prresponding depression in the insylator 440 such that the_two
of oS5 R RTAY ARRNE BB LF oGl & PRI GG PEEH Ao SRR
with éyeligsidapreye0inpiiia gctiisicha iy wieper pessliekingsphéariniheadternal

the heater 44 ouldfge mbedded within jnsulator 440 or applied or,
SurE, e T SPGB AR A A S RO LB gRev A dgulator
440.being added. [00190] The eyecup 447 is adapted to overlie the outer

ace of the eyelid, substantially. conforms to the, surface shape thereof

100 B o B Ao S B UNORRE ISR RIOTHEAS, o PR SheA 10 &
degréaitshes thapnrually ipeatadlangiteiopretoint MoR0SHenEK @Realpie and

below slot 474 and extending Berpendicularly outward from the
necessary to apply thermal energy to the eyelid in order to loosen, break up, fracture,
soften or liquefy at least a portion of the occlusion. Thermal energy may be applied by
any one of the well known means for applying thermal energy such as modalities such as
resistive, IR (infrared), ultrasonic heating, microwave, any one of the numerous “hot
pads” that chemically produce an exothermic reaction or in the simplest form a hot
compress. Experimentation has revealed that in order to be clinically effective the eyelid
should be heated to a temperature of between about 35 degrees Celsius and 47 degrees
Celsius. The length of time for which thermal energy (i.e. heat) is applied to the eyelid
depends upon the extent that the obstruction blocks the meibomian gland channel as well
as the composition of the obstruction. In very minor cases, heat may be applied to the

eyelid for less than three minutes or even as little as five to fifteen seconds. On the other
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of flexible spaced apart opposing cantilevered engagement arms 476
WQHIRHFISRTde integrally molded finger grips or handles 478 aR§T/US2008/051309

extensions 468. Positioned on the ufflerside of eyecup 447 is a pair of

diaphragms 480, which are in fluid communication with each other and

hich includes an inlet means or inlet 482, The diaphragms 480 are
handy RN A RES SRt T A SBHOB AR ST PG g s oosen,
or sﬁ%ﬂﬂ?ﬁb&)&ﬁﬁsﬁw;wtghﬁfa@%ﬂﬂ?ﬂgtﬁﬂgmﬂtm%y&’ﬁ&\/iﬁ %S(]SP@EQ]'@VG
is spfficient space provided hetween.t iaphr s 480 to permit the _ .
SO OUEHEES s CARETIRTRTT 90 AT AATREAG1 ML SR 8 icient
heatriganpedsthete yaeupidy itocdchbenprayvitde dowiingrséebindiaphbam 480
ith a hole defining an opening through which the arms 470 may pass.
eyel%@%%%&m&%tmép F&t&ﬁ%ﬁa f?‘E%‘%“B%%%%B’é’ﬁﬂFet‘mﬁt%ﬁal

obstAutivAsePydyashasia g erirbornen diffibose d(Ce!theres6ial 88caNs S IRPH PN the
ell-filled bladder. Again, depending.upon the type and degree of

aforesaid BRSSO IR s Stk WL RS R Some dnorTdEF SRt dher trpatapent
to baligseaidueMbiagingentlctiia dinpRaarasptdieraby womnpilcm P Igpe activ) it urge

y be fabricated from any flexible, expandable material such as rubber

the %&tﬂﬁ HRYYoLS apdiod ﬁ?é%&raﬁi‘?ﬂgwﬂeg@&érﬂ&@m Shuldhssawloyed.

Agali)eRpyiiniesneit intle amoveitRinflofdhadistudiihbiasdarsniiessiay Pece
arté%%/ filled or inflated with a constant amount of fluid or they may be
maygﬁ) G VGt SOPBIMAAESS pump connected to inlet 482 such as is used

[00186] 2 Pesfiigaas 250z @isciha Beitdiésnipéatablyraifc Byl AsQl®ae of

liq ichsuch as water, saline, etc. Further, while not shown, the fluid ma
the eYABRL 470 ARCR T IGHSY {6ssubrd i meYESHRAMG I eamlayRAe Miavidtdhere

and QRSIPACIORStw e yERY. bR BIRSGAbodinEND @ MAteHFBAlbar ARYnHY8Rergy is
p%g%né, either or both of the insulator and fluid may be heated as required
apPHFCAYEY

TTOEHERTS U BBA ROE ARSI HISHAS TSI hRiRae to

two hhilesiai erhnilocanlagelens ¢Hfcsauls, be {Mbdsateddpresh snmrnREthat
as they inflate, pressure is applied which urges the softened gland
surtaggs f Fstﬁfgﬂ@naufemHé aieddharstRfortpatisdhenolitand hipistion. As

illusglRad e 8ty Aneonatod,wanitsheptoonHeapsithenhickaessdof the
[001%|§jjders 480 such that there s less resistance (less thickness) to inflation

r the gt or e Hate ipvyipiendiisspryifedenitha hsrietapeans or

heatdhiA®1CBBIAS QRSO ERACAE IHO e SlARErofifice. ORKEPIS B RREVRYIARK P,
insulator 440 is placed on the sclera of the eye 442 in much the same

howeyeh i crvatiBRisdrraid andbatef oireRtaibAdaypshimal Paske i70
formédlbdiVieeA008 IR LARGT 4dSAROE/ORABISE he air pocket provides additional

insulation to prevent the heat applied from being conducted to the eyeball 442 surface
during the treatment time. Further, ends 450 of the insulator 440 will be the only portion
that actually physically contacts the eyeball 442. This section of the insulator 440 may be
constructed of a biocompatible material that will not scrape or abrade the eyeball surface
such as a soft rubber, plastic, or possibly even a soft metal. It will be noted that the lower
surface 452 (i.e., that portion beneath the heater 448) and the upper surface 454 (i.e., that
portion above heater 448) may be fabricated from different materials in order to minimize

thermal conduction towards the eyeball and to facilitate thermal conduction towards the



extend outward between the eyelids 91A, 91B. The eyecup 447 is then
positioned with the concavity facing the eyelid 91A, 91B such that the
WhBH A of arms 470 are inserted into slot 474. The eyecup@475%008/051309
directed along the arms 470 until noféhes 472 engage arm extensions 468
thus coupling the eyecup 447 to the insulator 440 and connecting contacts
4§56 468. The heater 448.is then activated by switch 446 or other means
eyl e iAo Al AP TG T80 e fhiavida alleineerkal b the
lowaesintheéor S evhics elecle ddeeiiuitiohtmasiitionantdia, layerminutes.
Jhereatter, or simultapeously with the applicatign of heat, the bladders
1001 B er ST THBL T ER T VB e oRebiaE MaA b a) NG one of o
numbebufiothieranpesliiehthegtard ehaulne{dehal dscthbonl BRAiBIHGRHS) well
- unblot%king h Iangé. When treatment |s, complete, finger grips 478A, .
OWRAR PSS B SABHHIHEYE th e HRSBIAteLf A4y Reorvided

withtAf@Ar%fi_@piﬁﬁfIﬁfzaa[? mcﬂwwh, dtfflﬁﬂ glse %fmﬁiéﬂﬁeaibﬁf&ﬁilﬁﬁaléflfs[grlﬁiﬂ01gﬁ&9f4 | to
IS I oved from t eyena and treatment Is comp ete. t
the BRSSP IR TAAOG o dEIRGT Bty and
on/oEPsidtble 497 ale)6EatsUCITRS drtalebeHiNMRGND SO BRISEP 413 AU HSWr AauRieh

is released upon compression of finger grips 478A, 478B, a press fit of the
suchizs, atiery 44, dsrAoRB AP AB AR AR T AGoHm dPassie in

serieskie® thdhBabtorted It auRABEHRIGLMAMRURICRNERI BN triRaSRANd
force as well as manual adjustment of the eﬁcup may be errggécjz\/ed
C
I

temRETARE R DR FARRTY BT PRSI dradessrrye dheeshldh Sirthas b 44 demseet
Celsthie fareikanian aiRoagimarkivellc¥\inkesaotnReailisdbdapiEado i tum

fftge:ef_erable that the locking mechanisms he near "zero insertion” force in
0

Gt A {SPRIREHERISE csgdsA T ip Bre YRmb Asmagsde hs eve
and Wik SRR ShaPRSanghalitfrcanh bigiditias, TRLBASIPOYRY b e &lted to

.Ihese alternate disposable components 74 are disclosed in Figures 31-40
an “off frYisFe RAWINESTTH AR R B ASHRRISBEHENS RlaRse et asig e and
468 Gbo@pEr82Y)illustrate another alternative embodiment of the disposable
component 74C that may be employed by the present invention to apply
[0013; Refesrinsotobpk jafentisegapleLopansntréaiing RiSESR a3, 2 pir
of opORAL KPR Hﬁ'{éﬂi@%ﬁ[%fe%%ﬁ Iin bk afxperiRAIR EMBSUWUAHAE from the
ity to

without the abi separate the two or make adjustments to change the

outersurfarscob dig HsHlater iEH  andcogathenavithdandle £56 defiee dngams doeeeeling
the eGOHIBAATD ithamisflaigda bl adierdI4 6 vb atis a90talleioeanplvadtossen

to the outside of the patient's eyelid. Such a disposable component 74C

otherangd grehvipelydnsgyostritRdhs pepossaisiiied Wil baspmysyidensias sher
descipiitHiphRREIYSA By deciimigians hing e any Make MosaRtipants to

the position of the eyecup 110C with respect to the lid warmer 90C are

correspeRding Jepuersin) ibedRpiianAOsiibhehthrA e sirisreearg flysh in order

to pré{@ERIESRR6tINEYeR Krm R BrensiaR 8y dadieyievsht AiBEHISER ! Chaffing
warmer 90A, 90B. The lid warmer 90C contains a heatin(%ﬁelement (not

whichimen plinkingy AHeimeivedyiide begtandiSanid besmbeddsd vitkinardator
440 SUFR OIS ARBS QB RPiarRe.andRB LIHIVRAUCHhS R Ratik overlay
. warmer 90C also contains a lid warmer platform 94C to allow a technician
beingaddsdor to grasp the lid warmer 90C and install it over top of the patient's
[001803- ATheX§ebih UHIGsIaRISR PO VWG daRRRIKI QIR BTaHUSKIR Of the

patient's eyelid. The eyecup 110C is formed by an upper and lower

substagtially s ifgams/tohe surtack shpethsgeal and 1redanted tRrreRsiaisenitythe
insulGiRSI40 1 Rhd &R @bt mbrdzoRahnenigdag.alitigitamiPadiarmase in

.making adjustments and because the meibomian glands are located
Positignsdeon s via sl Qusler of tredendending pripeafisalasly qubuashftom the
apply force in the center of the eyecup 110C where the upper and lower
eyelids of the patient meet together when the disposable component 74C

is installed. The lid wanner platform 94 is securely fixed to the eyecup
110C at an interface section 475 to provide a fixed distance between the
inside of the eyecup 110C and the outside surface of the lens 92C [00197]
Figure 32 illustrates another alternative embodiment of the disposable
component 7413 that may be employed by the present invention to apply

haat and/Aar farca tn the naticnt'ec avalid ace nart Af traatina MCD In thice
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contains a clamp 484A hingedly attached to the lid warmer platform 94D
WQRHHREBYB7. The lid warmer platform 94D contains an oppd&igUSiie051309

4848, such that when the clamps 48%A and 4848 are squeezed together,

the eyecup platform 485 is released from the holders 483 to release the

e rom the li er 94D, The lid warmer tfor 4D also
bod E Y EHRIR B3 R A e Soe T SR ARG RGPS LSRR e
armaid Sadeely ot hadb dideidral lid me dab fifgds gvhsmthm&ﬂe@@pﬂéxﬁﬁﬁenswns
Figure lustrates another.alterpative emb nt of
468 S B RSSO OWE AP A B8 B L UAP DT Aregpichs are in
ﬂuldm(ﬁmﬁmmtsat&ﬁpmmmﬂl‘m occo/hicthim¢ladenis @yelidaaparigbt 482. The
. treating MGD. This e imentis s Ia.r to the disposable component
iap B AR 2P R RE et P IO EBRE S A o, i or
exa:fﬁlea(&etthiﬁ)emcmﬁﬂﬁﬁfrwm B&&lbﬁbW&UﬁﬁﬂhQ@EatﬁlﬂgQﬂﬁeﬂﬁmé@m&ﬁent
as part of he e The | mec nism E allows the
spacg 8“;51& Lif?f%l!éaﬁf 8}% ﬂ]é%éﬂmﬁfetmg?&ﬁeagh
[0018t}veamidle lﬁﬂt&lﬂtﬂﬁdﬂéﬂdﬁ@ﬂﬂ%oﬂé&ﬁa%ﬂ@b%ﬂhﬁﬁd& solifacr pfdhrled
Iens9 E o be a ted. is embodiment, the eyecup 110E
e iR i b B s A oS o Al 70
may%@u D“Hel@iﬁpﬂ@@ggis W&BW?@&WMM&&&OH@ &D&ﬁﬁr}?&tﬂol@\ff@;erial such as
s 491A, 491B s A 4908 that y force to
poly S R T G U SR e RO S S RE o O,
Agaihl@Epaﬂﬂixﬁ‘Q OpRin ﬂziatyps Aﬂﬁd&gﬂéﬁ& bbgaction!tehiahlefa6HWiheaMdn
When the c amps 494A andq?§48 are sq e ed together, the

iR AR R ARS8 ASTEE F) e B A e
compimﬁdﬂafmﬁ&ﬁﬁaﬁ' be fitbMaatadef-phatdayM4bieyagpaamipless@rial such

tween the eyec platform 92, 496 when the clamps 494A, 494B
a5 g RRE OB g SGUIELScl i3 BERETEHEAN ARSI SO SRR g liner
w1th]ré§}’éctT tb&leyaﬁunnl WHwdndeadiaéasdqiéd agpashichthgatigaly et or
compressing the cl 494A and 4948 and moving the eyecup
inla e B RIS e L TS S BT A AT
pum‘pmedﬁéwamemwammuaﬂ Esrrsa)s@dsmapmwﬁﬁrwum@&%ﬂs mﬂmd is
ide better grippin of hel rmer platform 94E when the eyecup

pre ?i Ara B SRR RRUNafNSISHy therteabignot

shovﬂiéltfﬁfﬂhﬁﬂﬁamg@ﬂ)l‘ lﬁw& iﬁ%iﬁéﬁﬁ@&ﬁﬁﬁﬂﬂh@@@ﬁ@ﬁﬁl@é%@ any meibomian

bodiment of the disposable co t74Ft at may be employed b
slangl AR YBIHGAS LR PG REa LAATLPadRigdiRat Lof any given patient

eltheZQﬁwﬁ%'fZHé’ﬁaiﬂdﬁi Qﬂ@@@]ﬁﬁ@y@ﬂe I iiiel Rateqiiscdyial 6t@s RAEbAEN any
tre t|ng &ﬁ his embodiment has a latching mechanism 116F similar to
glve Bﬁ‘é‘&@m 4E of Figure 33, except that the eyecup 110F

[oo1sz]new1meﬂmmemeawwmmmaw 065106k FahiRItERMRING manner

S. The latching nism 116F allows the eyecup 110F to be
that SAREYIRS RW&FH%FBM?H%% the nsEnsdeshdRRsrurv

matcfifipiphie pladdehstid] 480 Bmm e gaigiael free dGaeat the feaa1 9 Bniokehod
Wou]a justed. The eyecup 110F co 8 insap 6;Zgumatlc interface 508 to allow

ecw&*ﬁgrse/ Fot }g}céSﬁﬂef 80 such that there is less resistance

(less thickness) to inflation near the bottom of the gland and the resistance increases
(greater thickness) as one reaches the gland orifice.
[00193] In operation, the insulator 440 is placed on the sclera of the eye 442 in much

the same manner as a contact lens is inserted. When properly positioned, arms 470 will



[00202] The eyecup 110F also contains an eyecup platform 510 that
supports the latching mechanism 116F. The eyecup platform 510
WQaMIFIRE3RYecups 504A, 504B that support a membrane or bfeHESHYS/4§1309
apply force to the patient's eyelid. T8 latching mechanism 116F is
comprised of eyecup clamps 512A, 512B that are hingedly attached to

each other,via hinge 513. t amps 512A 512B are squeezed
extefi S BB e ST 7 BT e e TN B e Tb gt
the amchdityfaciag phettyehidAFALDDE suokahatrtesvetdatynd ofigihe £3®at0

. latform 510F., | is manner, the Jid warmer 94F can be_affixed to the
inse R 7 R AR e el e e e R e 472
engdpedichwatensioAOF68 ribuissc pigpliagmhe 4y eeie gdifad dwaysiitamotheeyetup
110F, the |id wapner Q0FE.can be released from the eyecup 110F when
conneE it EOBAE TG ARy TREONEs S BSOS e Wit S e
meahidareldch the hichivdfaidt jnlditaiderd 480mey dlsaddedtsimngltghigobld af dsrially
nd to provide better gripping of the lid warmer platfarm 94F when the
for 50 DS G Peio LA G2 P o VA o AR S
simultanewrshlatidith® 4pplioa2asd Figureairtilidgurtd8(amaihes ekieanddivehich
.. €mbadiment of the disposahle component 740 that.may be loyed by
il g e e R LS AL 0 A Lt e s
the ghat otifieaithgdyhihblotkisenbghinderWhas @elatabings raapis finkdhBrips
h erates similar tp the manner in which a syringe works, The eyecu
478K R s ATk OO S M P e B S B e Side off
of artieckernoiced fryhin ciecatiysstvap eThiubeftor 4Hedviidaeo pd ioidnzéyed fitsm the
e (rj[éhe id Warmetr&?latfor;n 94G extends through the tube 524 and an
eyebﬁ‘ﬁ ice 838 YA UGRIRS PRSIt 526 and contains a lid warmer platform
[00134] inltheillosemotedl iungsiartheclithBAd thabiRstr agailRssihe thtaéiaiep
4 when fully pushed down or engaged., To move the eyecup 900
could B EUP IR AR AP P IS SbTes ) SB S elsites
upoﬁcﬂﬂpvmidgo o?ﬂ@a(Q%Qa?SKYm%%ﬁﬁé&&?%iﬁ%%ﬂs I(DO"Iilwesd 15194? as
warmer closer to eyecup 11 the, plunger 520 is pulle war
well 35 pIheE ischiniaras Sl koS0 LB RIE T b A 0t P ARG
Manﬁ&l@@ﬂﬂ)ﬂdan& tbleaiksﬁahﬂqexbew&eﬂlth@di&lwrmws&%&%ﬁﬁxh%ﬁa&@uﬁay be
10G to .administer thergpy. [00204] Figures 36A and 36B illustrate .
e G R AT RS PERE BB L P SR OB s R the
meibdiajah glanielyahidyde Widsensinpesiticallp raplcheat SpaiREBIEehid the

the patjent's eyelid as part qf treating MGD. This embqdiment js similar to
lockig thECHBRLRIE P RTF D PSP PIgreea8 AFEISBIRFa EUp BP RALal for

eye ilgus BietupsdIoRnbSRBupewith diitddea shlysfandadioréhatapriitaidnay

lower eyelid of the patient. However, both eyecups 530A, 530B do not_.
be eRIRY §6 KRCBHy @as%%{m%@eﬁfg’iagﬂmﬁ %sféssiqﬁiﬂé?iﬁgms

31-40afthelesinedpplicaasihadieioniscgisedsdioanly the upper or lower
lid of a patient a t hoth at the same time, In this manner, the lid
l°°1§§3m§%taﬁfo§rﬁ<\9%§d%ﬂﬁeﬂ%ﬂaﬁm&ﬁ%ﬁ%&twﬁ?ﬁwﬁ cups
dispda3dbR. codiPdrtie Ataahedniayipe fingleyedtbsukd fhathieyveatopiateppieheat
the lid warmer platform 94H. When not in use, the eyecups 580A, 5808
and/QfPISg YO ARRPUSRAY REFHIAS MRV ARaH BRasri s bR lid
warnfeg90€ 36 Aml lyaatifixed toeie RipitapT PAE whhtat headitioyadsspitatetdstwo
that gllows the eyecups 530A, 5308 to be rotated about hinge 534 an
or g R ST RSP RO R T Al RIGFIBOALC
The Miiendvdab: tompyaamiis aBAaLBRBbMAYE pasCalpptichdaolleth® ighply a
warmer platform 94H to lgck in place. [00205] Figure 37 illustr another
foreq S RN MO UABIB CORROBNE ROPPHE 1y B e
employed by the present invention to apply heat and/or force to the
patient's eyelid as part of treating MGD. In this embodiment, the eyecup
1101 is formed by eyecup 540 that supports a membrane or bladder 541
to apply force to the patient's eyelid. The eyecup 540 contains an opening
542 through the lid wanner platform 941 and extends through to attach the

eyecup 1101 to the lid warmer platform 941 when the disposable

component 741 is installed. The lid warmer platform 941 contains a
thirlkanad crirfarae EA42 which laclke the Lid wwarmar nlatfarmm OA1 intn thoa
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540 when adjusting the lid wanner 901 with respect to the eyecup 540.
WORH9BIPRJures 38A and 38B illustrate another alternative enR§ddiiPrdq8/671309

the disposable component 74J that A¥ay be employed by the present

invention to apply heat and/or force to the patient's eyelid as part of

reating MUD. In this embagdiment, the eyecup 110J js provided as one
emnp | B A A PR Y IR B P ARGV SR p ffgstments
to thippositivn gfittierysayelitiandidordgivs: 2orttlg ¢S S YT whicle@3sary.
ifice 554 protrudes through. dder advange mechanjsm 554 is
Lo0 B R B kSRS i HEPSEinhg form of a
lens eitteilxl sctiprovighdly diitossbdfidnathenbleaiier soB/amae hdesBaniFME>ontains
The bladder (not shown) is attached to the bladder advance mechanism
a healing %ﬁlﬁtﬁ?&@mﬁ? ?8 M%@&h%%ﬁ&ﬁ@ﬁ@%%m&a %71 when the
insideaigfiice e?ﬁi@l&aﬁ?ﬁ@i@memmﬁﬁmma@uﬁeﬁe%%hal?w'@ﬁdd%ﬁﬁe' r 90C
rotated s that notch 558 fit ingide a groove 557 on the ridge 552 to
o150 B3 AT LA g A AT e SPGB RS AT G g
wartﬁé'lfiQ@Cf]&?g}ﬁig’?mB therl l@p\@ﬂhme Ip(?@ehaafé)ie.cm F?laﬁq;dlé\rbensiﬁgif%tﬂded
ove the er ayay.from the lid warmer_90J, the bladder advance
to apﬂaﬁa?ﬁéﬂq%%ew%léfa AR SV THE- nB?P&rﬁg%%l?slﬂé%ﬁdé gristhinen
uppegrmh 55170@116;03()@12% mdmgﬁfw@éhmgm@h E@Mb%ét%ﬁrﬂ@atwo
er 52. 7] Figure 39 jllustrates anather alternative _ .
cupse‘?fALféuﬂﬂﬁﬁt%Pmé B?gﬁslgﬁ |8eLsH P8R gﬁ#ﬁmg@ﬁ&; BESe ooy
adjushifidpte 280 bvsist aine mEibpli e alaadd /bt lowtetDthe o atie Heosy elidl Rfter of

part of treating MGD. In this embodiment, the eyecup 110K is provided as
the Ifife ﬁ&se YR TSRO B ERRLAI G B SO R 428 SSPHRA 0C

Wheﬁﬂl?cﬁe@ﬁ@f%tﬁQdﬁ@m@ aﬁs)eﬁ@hgatﬁael%yza%%elﬂmz ﬁtaiélaiapo@a?%
surface 560 that contains rib structures A, 562B to support an orifice
com%‘l’fé%‘beé‘} Bsé%%?j;lﬁaé'}gﬁhgc‘@%’%ftﬁ ibﬁsﬁ’fé‘fﬁbyvéﬁﬂé? B ssrsrP
110(%4%@&&@@@@' & é@@dﬁﬁﬁf‘?ﬁ?@ﬁ@v&%eléQ(&)e@dﬂ@aﬂdﬁb%f%n‘%ﬁﬁin%ide ?fﬁhe
queeza yecup platforms , 570 are attached on each side of the
eyecm#@%@@%ﬁﬁg“%@tﬂmg 8 15678 on one end and to a common
[0019Tpe Bigarers tighistiiies ensth¥y BRa-HAERYSEbPdMRIAIeTShelsfosdse

squeezed, it allows the lid warmer platform 94K to be move transversally
compRRSHbAARHi ey B5e Rl Rd Sy opt BR 984G BRRIE G 4RLpTRrce
to thP pHEMMSsRYRIT & PHR SFBJsRRIGEICH Hhad enfRsdirndi,ahthe sy anoer

platform 94K is inserted and locked down into a groove 574 formed in the

contiins 3 lachingmeshenisis Okt sdlosys disserasepr I d i broiixed osthe lid

warniePgR8lome 9aAR d st dhiema péhee dli@inativa B bRduBest A g9B and the
(disposable component 74L that may be employed by the present
outsigg 3fRss & Qﬁp%}’ﬂggpa‘i‘?o%lafjé?é@% the patient's eyelid as part of

[00196}tiMa e embbiiiscamirdiveetp therrvesisn ddMhianshii uppenanPwer
are provided as twQ separate pieces. Finger tahs 588A, 588B, attached to

eyecyps §8 BooHE LR sk inothey s6 b0 fotlrsien Lrsapted:iny Ligyremithexcept

that tB¥R§eBups A8 1A S IB aile dupyertiaRiladity s BIsddatimom 94108 apdpply
opening 582 in the eyecup 580 where desired. When the eyecup 110L is

force o, thePaHehes|RY Slidr e cpmprs el saParrigrbiErmairagh Sthtfon! iR sRifgaEcups

481 Aphs138ahweHRipherieleasedsandttbetahs Sdlp &R BOFHAB wahetdp
the eyecup 110L in place.

481B to be}/ abler%o release RIC eyecup 110D from the lid warmer 94D. In this regard, the

lid warmer platform 94D contains holders 483 that are adapted to secure an eyecup

platform 485 attached to the eyecup 110D to secure the eyecup 110D to the lid warmer



[00209] Although the present application discusses and provides devices

for applying heat on the inside of the eyelid and force to the outside of the
WQyMiIR#éat MOD, other configurations are possible. Heat J{cIfHpaa08/051309

may be applied in a number of diffel@ht combinations and manners to

treat MGD. For example, Figure 41 illustrates an alternative embodiment

of_the present.inyentigp for applying, heat force to tiss oximate. a
94D T ST BRI G GGt ED T E e dafhe
warrapppikdfern 9o @i ippliad7 HEht isdawptieerplaviciencolyeiveieat opposing

tra r to meibomian glands to the ired temperature level (step
el 0 T PR ATT SRTHS A T A SRR IR ar k08
eyecnsiplatfifrthel & tJictlasa o 3h¢ holdgre 8 e lstlisasd lie: keatupay aisebg

regulated, meaning. that a heating.me or.element is contrglled to be
the | AR YARpd A S FRIATTR S 150 ORI &y peafly 403 that
can be/ffidiewhitnipeciitss (84N UBYB osgniRgc O (ShERINRIIRIVREENE RITOWhen

obstruction in the mejbomian gland. [00210] A force may also be applied
the et%eﬁggjé%ﬁdﬁiﬁg%?de patient's meibomian gland to increase the
[00199Fiemiyued Bealliiansie andthpraliauativeeaiimetio poRigHosmbBle

force t rgs the hgat soirce ith the patient's eyelid "sandwjched"
compQRE, el Bt SPBY 06 STHPLAYES BY AR ERACY GEKRBLR TR SR B gs force

to thamatiber s sitidois pate eificiang 0aaauclivies Redddansies sumilartd ke

. application of forge reduces blood flow in the eyelids to reduce convective
dmp??%ﬂ‘i&&?ﬁ‘%‘if&ﬁ%ﬁreoﬁ:éﬁﬁ‘? e ther &sehrpism bt
attacland scleanetiandy ¢isg 10 DIghenlakesd AR SI0M & pravidkly esbletely as

efficiently (st 0 0O 2008/089327PCT/US2008/051309 65 [00211
part %@%a%&%ﬁ?%ﬁb%&%&%mﬁam% 130k aﬁ%a BedrRe Wit forBe

affixedise ﬂlﬁl@li@m@nﬁb‘ﬁ@ﬂpﬁtﬁiﬁlﬁ@méih@ﬁﬁaﬂ@iwwfE?Khﬁ&@elbl@gl%ﬁﬂer

or soften the obstructions or ogclusions (step 604), The force may be
4904{13&9& Ql;%ﬁ&uﬁ %“%Fﬁ éa?i‘?‘\?igé@é‘?&? Géﬁ’ém’ing on the
[0020€3tMerthieehiyadiendasitrdle)daiptaiingitaice @fivdineatisitapeathi@wer

redu iconvective heat lgss at the meibomian ﬁlands and thus keep the
eyecwmﬁ% SnitelBymilarie MemsiHad HidrsignHuarhaubiesses rdhe
uppefBi€ IBmer asipsh® I caovBsigpRYRRNMVAIRES M0 NESO BV iR Upply force to

maintaining force may be employed to allow blood flow in the eyelids,
the pafient Sepehithe NSRRI SmeRoC RN tkarm She SY5RUD blOkcgithpe

contdfh ¥1ai{RIndA2at49B I585H1¢ iatahamrLitcaldeatMieRiiEea 98N hen the
applying and removing force between treatments. Also, it may not be

clmnéégééawqé%%W%wmta&?ﬁm@ms?e@ SlaiSone 403 4% sy

fromaa@PeleRie ReRiaie fe fithe LRI Y sHArast Usheni b vasaiadhiat (desEI4E
proximity tq the lid margin rather than in the deeper portions of the

was cRBIBEsiStith RGTAYRST Fhie FESFHER PLAHHITR ity Hreatrg i cletBs Atetiot?

wereQHoObeR Ok QIR IR e ARSHHEIIANG RMEE JVIS NG e HoeuR ¢ NI TAHIBES
may be expressed so that sebum flow is restored from the glands to

110Fcan Seadisiahivithr inectipdhedidyvenssr i by cpmpreteiagiag damps

494 AoaHlatam maandviniale{ete) PRARIMINIIN TSRO QEGHRTI R AR n on the
within the gressure rarlgﬁs that are safe to be applied to tissue proximate

lid warmeR o GFandBSHY WERDfhokHOpTe 24 FrE ey ARG INER AEPAtBreat its
end tgtﬁﬂﬁi%&iﬂéﬁﬁiigf#ﬁiﬂihg%ﬁﬁbeﬂmb he iblcieniy d9ﬁﬂﬁev¢mh ﬁanaayéaa;ﬁ;]pnbiﬁds
) ring heating, after heating,.or bot ring, and after heating. In either

aduighly WA i 5 SR B0 JLLRETEIRE B0 alorns when

[002013 |oPigeReS4 SRlkeree aothelielestate /i embibiimmaishtiarglangslel he
force may include yibratory t forces, inclyding those generated

e e AT e U R A e TR
needed to express obstructions or occlusions in the glands may be greatly
reduced when heat is applied to the obstructions or occlusions to place
them in a melted, softened, or loosened state. [00213] The application of
force can also stimulate the movement of fluids or suspensions of
occlusions or obstructions from the glands The present invention can be

used with devices which generally apply a regulated force or milking
action to the eyelid to express the fluids or suspensions or to otherwise

maoarcrhanicrallyvs ectimiilate tha moviemaoant
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some instances, a small, gentle, continuous force applied to the eyelid will
WQ3e8t0%9Epression of the fluids and suspensions. Vibration E&TAISYHE051309

used when applying force simultane6lisly or immediately after the heating

to further assist in the expression. [00214] Any device may be employed

to generate heat on the gutside af patient's eyelid, including those
to m&é’%@l’?ﬂéa Weefé 5 %P’%‘é%&% eﬁmmgg}@ﬁ% S #iatchiparatus
mechisiins@taR sinGldradehe AigplsatilordutieatioaBlof RIS 620t that the

enti "Method and apparatus for tregti and dysfunction employing
ey e ReCE A TR GELP Db R 0 TR SSBRERRS. 1
comﬂra]iﬁeamlffhﬂ mcmmgmmuzdﬁmﬁmmf:@htma@ﬁﬁwpemap w@@gﬁﬁm @ the
., the patient's eyelid vig heated fluid transfer. Further, a gas may be
i VRO D S0a0 tB RS SOEy PR VB P es e, 196B ey
the clusidaswlifticessttlelonyo iR thddladyaked of i@y VoreE6lls AgRfdematic
. lied, regulated heat can include controllin at according to a
mte[?é)f%p%%fﬂ AR ﬁﬁ&é‘r&dﬁﬁ%‘%ﬂ% $e%eonstant
[ooztgn]peﬂaw g ud?;ramoamalimmﬂfg@wn?pnﬁak% and %ﬂilgﬁﬁg&gﬁt]hﬁr,

e temperature profile may include heat pulses or be modulated wit

oty SRS AR LSRR P ) SRR R B 048 that

suppdrV MieieBRinElbeBlalider 592 &f sppriufaiestoant mamHow Hid eI eRE,
to he rjifég even higggar t the eyelid without damage to the patient's
i

mechARR Site e BHESES) RUATHBIGHITES abé tmplicd it afiohidepihigiedied

to eaAEtHIDGH UCHENS 10, ORISR IAPS SN2 andaN IdsdiayBa¥sether, an
melting, loosening, (g)ﬁoftenin@ points that are beyond temperatures that
B REEHRA

orifigs A 4 I A0 AEeCHRRGHHRE w8 5 0 Aoy thpdidewpmetplaform 94F
to be'aededtianiRiisdbDosRAgAhSefieP BRIEHORSIM, JaGISIARSReANIEREMdrmer

on how tinized the obstructé%] or occlusion is. Not all obstructions or

94F g hesab 0 e EXeCHR L O A Taeed v hes desiked dhsiepes s he oyeoup

110FRXETHRIEO Wi vaR die PsTaBresIaBtWe e Mdd ARy B SIRUIRAS ERISIUFOF,
may be pgssible when applying modulated heat, especiallg)if the eyelid

the lid-wasmeh Alccandielearssr T the SeiR e h sl iomuidkitanied
throwHBEREEEE SeM PRI Y ehfoplatiteatoEntiPRigace TheHsaaimanheepRetorm

can be approximately 1 to 10 minutes for.example, since the application of

94E panye i ritin b aiB 200 st spehiterionide Dedietresippine L theelid vargaer

platfbifh BIRRKaiIR 3 tagne o wial) BlabRspladhe AasirgssiriEloddiR N 8RIng the
.. could alsq, be repeatedly applied and maintained for a desired period of
lid Wf@l@é@mﬁ%zoomosgw?PCT/u52008/051309 67 the occlusion or

[00208}{rUEiareiD Rimstiats ansasesahaele spdainirnEdheldisRamafter

such treatment by regulated heat, mechanical expression of lipids and

compARERt AR MR LN FIBEM DY T FRSBIBESPHAY PRIy dpat and/or force
to thOpatistioaUdNiEPhA\GT aeashtiapmelidk uitRAMRIACESS i 8tching
suspension state (by virtue of melting materials binding solids
mechanism 116G that operates similar to the ' manner in which a syringe works. The
eyecup 110G is formed from one piece. An outer surface of the eyecup 522 is attached to
a cylindrically-shaped tube 524 having a platform 526 on its end. The lid warmer
platform 94G extends through the tube 524 and an orifice 528 through the platform 526
and contains a lid warmer platform 94G in the form of a plunger 520 on its end that rests
against the platform 524 when fully pushed down or engaged. To move the eyecup 90G

farthest from the lid warmer 90G, the plunger 520 is fully engaged forward or downward.



together). [00217] Optionally, after expression of the occlusions or
obstructions is performed (step 606), an optional pharmacological agent

WOor)8I8%3plied to the meibomian gland to promote the free fRA GFS38HHMH1309
and/or reduce or prevent inflammati6a or infections of the eye or eyelids
(step 608). The previous discussion in the flowcharts of Figures 6 and 8
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therapre. present invention for applying heat and force to a patient's eyelid to
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sepafiEity Lo HRAHBLE It HBAET B AT PaS IR B (o Celbias

uppeiher amphf:aylﬂrrdcﬁff@ mléewd adhbdmeat ﬁmmﬁemtheth enpaticmbaeyetie lid
"san che erebetwe reater surfgce contact be n the
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and mRIBO idie olasids tardalayvef gidfflisie ?m aiﬁeltuée@ﬁ@rigqugﬁféemm edWhen in
bstruction oC ions ste 614 forc y be maintaine r
use, DB REHI S0 SFULBO S ghihoss SRS DAt (LRI G4 1 to
lock élepised. Maintaining force after heat is removed may reduce convective
t lgss at eibomian s and.thus keep the temperature level at
ooz, ?ggm.gm S e%l RIGTRRIEP RS TinaSRahe
compereatyas muy%%mamwha%m%wmn NGy IRaDaydns force
employed to allow blood flow.in n success ve

h b‘l 5{;‘!23 i ,.such a betw
to the, paligtt HEYE U} RIBHAL HEaHag sifh ST
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betwee ments it may not be nece to nificant
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542 th tsebum oW is resécil]&fd from the glands t b|ISh a Sl1 icient |i éﬁl
1 é’F‘“(%?é‘E‘é BRSBTS PRV IHE A R "u e‘?smms Adoimarg for 2

secuofiiexdenenaivey W eandléssddritalkechiadirdvichine e pip B eoralige s that
are safe to be applied to the eyelid and at sufficient pressure to allow the
temperature at the meibomian gland to be raised sufficiently. The force
may be applied during heating, after heating, or both during and after
heating. In either case, the force may assist in expressing occlusions or
obstructions when in a loosened, softened, or melted state from the
meibomian glands. The force may include vibratory type forces, including
those generated mechanically or using fluid type devices or mechanisms.
The level of force needed to express obstructions or occlusions in the
glands may be greatly reduced when heat is applied to the obstructions or

neechiicinne o nlarae thearm in A mMmalted eAaftanad Ar lnnecanad ctata




[00222] The application of force can also stimulate the movement of fluids

or suspensions of occlusions or obstructions from the glands. The present
WORASHIB¥EAn be used with devices which generally apply a r@§IIAR2408/051309

force or milking action to the eyelid #3express the fluids or suspensions or

to otherwise mechanically stimulate the movement of fluids from the

lands. | e instan a,smal tle, continuous force gpplied t
e B TR o DL SR L L S LS e o the
eyecappré@sion of the fluids and suspensions. Vibration can also be used

n lying §qrce siypultaneously or.immediately after the heatipg to
L W SR N R R S T
disposbdeateniyeaton7dictio teidy tef che logtid sty ehieketdiutngah esapply heat

described herein. Qther devices be employed, h as the, apparatus
e/ e e e B T R e o B s et e
eyecaptitled i'i\/ti;dwdh_ i dlasldmmmm_ ekt SThe Wupglh bgmr;ﬁipbmfsl_aﬁﬁembm Q)filbgidder

eate ediym,” and incorporated herein refer e.in its entirefy. In
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554 thretpaitsnhmrayklid \biatdatedviuid trrohieisiuifidds glgasd thayge the orifice
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mech g et R4 SEHC 00 SIS S B e ARk SRRt fiep s

eyelidheotepppefaicsctin biidd depydviciue e betainisns 8560k betarskdetiatavitbtch 558

can HETRR G BGE 28 A n G s Ao B e e henigm 6

to m@@@f&f&ﬁﬁtﬂ%lgmibh eﬁﬁbmey&l@ﬂlﬂﬂmﬁcﬁw Bﬁ)lhm(bﬁim‘_fr'ﬁplace.
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e Bt Fand
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can U A From 1 T OONE 3, KR e G AP i Rtem ey clepend

[00287howikeradnidbgtiacohsdthieti aleti e dab0 din A tofitbdispeiibns or
occlusj ave the same, meliing, loosening, or softening points. B

com BT (AR BV GHIBIAES 0 BE B e Ao B ST s 2k foree

to thensatibe pessiideayhendnplyitg Maivalethivahesheeiayhé dyeeyelitok is
has been anesthetjzed. [002 he regulated heat can aintajned at

DroVIRA S RS S oL SR U SHEHON: AETRAOAIE O Piteetota

appliesicbecapiiopanainly dytdid O Thineyesulpl exXdropitaisinae iR BnpliaatEe0ahat
force_ may reduc nt of time it takes for, the heat squrce to rais

contgfs FTHHETS SAaRe THEtb bt SR AR L B P atice

566 tbevilgiaishitie tiriahieainaqbidoranodKl ixiaioe e it it dsiredagiotosf to the

., timet ep.the occlusion or obstruction j elted, loosened, qr .

ld waeh AR NSRRI IRFP S S Og oL A S s de ot the

orifice 566 to the rib structures 562A, 562B on one end and to a common hinge 572 on

their other end. When the eyecup platforms 568, 570 are squeezed, it allows the lid
warmer platform 94K to be move transversally through the orifice 566. When the eyecup
110K is to be placed against the patient’s eyelid, a grip 578 is pulled such that a neck 576
of the lid warmer platform 94K is inserted and locked down into a groove 574 formed in

the lower eyecup platform 570.



70 after such treatment by regulated heat, mechanical expression of lipids
and other fluids from the meibomian glands has been found to clear

WQREB(I8A8Hs which have essentially melted or been placed inB£T/US2008/051309
suspension state (by virtue of meltifgfmaterials binding solids together).
[00226] Optionally, after expression of occlusions or obstructions is

L TR B e B
compoyxey/Btt thfiamagdttommplaytertiptiseqirtiene yevertiyetisl apiste heal 8hdididorce

revious discugsion in the flowc of Figures § and 8 regarding us
o R g QLA R L P A BRI AL anc
lid vearch¢h 04 waltengrioloiied peatesl depaeatd pixse Coimeunalss S8 NLISB8BYattached to
. e ples.of ropriate pharmacolpgical agents, byt those skilled in.the
hingg R e A S B A LeaT EopAaUAGGFRGPER bR e
inseff2d2R/¢} koguhe U3 Wasikatphdoral @t hatlvagespboidin B8 if thccpeeaprsigo
invention fqr.applying heat force to ient's eyelid tq treat . |
Wb AER A S e R ES U O 6 YT o aert o te
desireyddlidatiteathe Apptethbe 5188 OBSRI® af thdeayr]ianid theauisesgonjyein
.heat trapsfer to the mej ian glands to the desired temperature level
pom(‘é)lxéﬁr@%ﬂ{.gr—%? 8&3%@%5251 H%Vbe applied to raise the temperature at
[00208]insMdthofighatr)riidcheaypitniondlisdegieemdpisidded devhratfonayplying
alsq be regulated, meaning that a heating means or element is cqntrolled
heat G3FSTIT fret ST ENL AT LB AR B EAEETS) T her
confRivrasistiicieaptasiplerativa fodmetingalobsapplizddn safienteg Ghdifferent
occlysion or obstruction in t eibomian gland,.[00228]. A force may also
o G RS EEB! ME By el B LS AP o1 ot
alterfighafembsipreviafihedesssih et dhgoaiolieppbying hescand ayrpauidssue
reater surfage coqtact between the h urce and the eyelid for more
prox SR PEAFR PR SO BRSO e IR ORGP IERb At ces
applia@?%lf@wéristnfap]ﬂwli dddat ﬁ@dppﬁedquemh B/%ohagétfﬁs%gtamhféiao Ithe
..eyelids and allow the temperature at the meibomian glands to not only
meitAERD B, U SBT CB oM SRR SR e R 553t may be
appli&i?&ﬂ;&ls%hﬁeh_eﬁip?]ﬂd(@é tonee mﬁu&@ﬁmhaieyta;lnesei%larpg}iad f?_égilm Celsius.
ufficient to raise the temperature at the meibomian glands sufficient to
The fiaf Tabalin 5 EGHEH PTG 5PURE O L2} TR o
be wittdi e remipéainadsafidieatsithiy &8 P8 UG 443300 8(FH AP

71 remqved, or vice versa depending on the treatment teclutique desired.
e R AR PR ARGERURE 5 HERIOS A FUEIER Qho IR B B s

meibahiha @leHdomian glands and thus keep the temperature level at the
ibomian glands to the therapeutic levels for more time than if the force

100Z] L R i i PP, AT FAT T A GRLLE gy bomian gland

to in@@RoNREI MY bideddiemdrethersyrbtuslichessrideiyar agylicessiver
treatments. For example, jt may be dgesira??] to maintain heat to lessen

foreq B LI BT BT B RO TE R SPLNiERefhoRigaeREeen

providRbyeedidf satfaentantadbdiviaay thetHeatRearsaty theagplydsignificanéfficient
amounts of force, oy, for the same duration gs application of heat, if th

condgFY iR ARYELILAENS FOEARRIFFRIONR PREHRPESIRIPRE Ripgbe

eyeliddthefethae totvectioepestiostiohs ofinhaeeddidaind girvwl theheregdieture at
either duri eating ang/or, the lication of force or after either,

the g ARG SN T 10 DS RIE Pohih 08 FAADORE GRprkand so

efficibials@epo i)y is restored from the glands to establish a sufficient lipid
layer (step 626). [00230] The force may be regulated, meaning that a
force generating means is controlled to be within the pressure ranges that
are safe to be applied to the eyelid and at sufficient pressure to allow the
temperature at the meibomian gland to be raised sufficiently. The force
may be applied during heating, after heating, or both during and after
heating. In either case, the force may assist in expressing occlusions or
obstructions when in a loosened, softened, or melted state from the

meibomian glands. The force may include vibratory type forces, including
those generated mechanically or using fluid type devices or mechanisms.
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[00231] The application of force can also stimulate the movement of fluids

or suspensions of occlusions or obstructions from the glands. The present
WORASHI8¥Ean be used with devices which generally apply a r@§IIAR2408/051309

force or milking action to the eyelid @5express the fluids or suspensions or

to otherW|se mechanically stimulate the movement of fluids from the

Il tl ti dto th
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whilE epleng, aw@eem@whyngeSaam@dréagwatedmax RamainabidR necessary to
contr heat accor, to a erature, profile. The erat
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obstiedka andovhlidys ifladhed ieltseperaihie i @Hbﬂl@ﬁiﬁi@ﬁiﬁdﬁl&l&h&ﬂ 1n the

pulses or be modulated .with varigys characteristics, incl dln
deer R RO e HFRGRAE: SHAFT it foA e
applitidjoalaMbioe deatperéttiee, shbeuaisas avarInghey mttﬁw@isbmw&@mﬂds

am eto he patient's eyelid since the |ncrease peratures are
may B UFIFLO N SONBS OH iR G ATRHONE BAOLE SIS R o icient
lipidRgkqeiproginds may have meltlng loosening, or softening points that
b temperatures ay be ap I|e ithout the use of
1002 Ao PR A2 AR A BER S BF Lo
contldeIéHll@ﬂféﬂﬁlﬂﬁ@%WW@@QEWSEMM&WI@t&&S%ﬁM@WG

or occlusio s Not all obstructions or occlysions have the same melting,
the mgihomian e Bﬁﬁﬂﬁﬁf I EY SIS m%&ma@wé&&res
meibogiiig laftd @tk PhiagieivielyiuT Rodyroe RagYbkpplhadasaly iating, after

.modulated heat, especially if the eyelid has been apesthetized. [00234]
heatig g O DAt 8&%&?&:3{%{% “rﬁ‘éﬂ%a hereater e%ﬁ%%@ﬁ%é?éﬁﬁ&ﬂé‘for a

expréﬁ@ﬁi@&@l@%l@brﬂlﬁtﬁ&ﬁ&ﬁﬁe RiHeariad tessdir dpiprefsdatalynéliedlftate from
mjputes for ex m nce the applicatign of force ay reduce

the ST BT LR OTEH IR HEER S PG Ee e LR e

genefﬂ%l@ ﬁﬂ%ﬁﬁlﬂdﬁﬂ?%ﬁ@lih@ ARG @'ﬂ)&&@h&h ohaatieaiitths| Ihotetepenioty

ied and aintaiped for a desired.pe, |od of time tg keep t clu |on
needf i SariERR bR THGHRRLRF S66USHUR, B 8‘%‘?&‘(?"@&1‘?&?%‘3& rhen

heat ﬁa‘@qrpﬁeahdnaatﬂmwyaﬁgtﬂa&mmg tmprdaamlmh X aresHied) sttﬂuaiéa or

iother fluids from the meibomian glands has been found to clear
loosensd;tfions which have essentially WO
[0024398/088 33 pRéatidd D2 ENBLOENAEo Kdimulate the movement of fluids or

suspensions of occlusions or obstructions from the glands. The present invention can be
used with devices which generally apply a regulated force or milking action to the eyelid

to express the fluids or suspensions or to otherwise mechanically stimulate the movement



melted or been placed in a suspension state (by virtue of melting
materials binding solids together). [00235] Optionally, after expression of
WQesdRM370r obstructions is performed (step 626), an optionZCT/US2008/051309
pharmacological agent may be applfgd to the meibomian gland to promote
the free flow of sebum and/or reduce or prevent inflammation or infections
of the eye or eyelids _(step 628). The previous discussion in the flowcharts
of figdeiFaraL8 £ B SRS RSB A AP SRIE et S A S BTS RPPlied to
the e@ﬁﬁd'tyiﬁmﬁéah{c]%i@fé&?lii)ﬁl&mg iFneas @?tdsﬁkyfp‘éﬂyiﬁﬂsotmfﬁnﬁﬁéﬁﬂ 41865
Those compounds are illustrative examples of appropriate |
usedp‘ﬁ%%%mﬁ:ﬁra@éﬂwlﬁaﬁwa@eogkmg&%ﬁe aften e prEneste e
assisiRah@BRpreggelngical compounds may be utilized. [00236] Figure 44
) oﬂeﬁtrates an alternative emhodiment of the present invention for applying

t atANSCE D B RRAPRIGYER A STRSAIRATRS. IR theutsids @hthmpatieat’s

eyelig, aligthfaab doRiveg hendrextriRadsvites mal hepaiiepts, aueNds the
Force may also be applied to the patient's eyelid. Heat is ﬂg&lied to the

appais hselRssddmHcSotintint SpRhsatianitRlisabor e e HoPd idisntitled
“Mefiyacid sphRabd R siestadheaniedy e ficlanss d9iHieheasdededium,” and

temperature level (step 630), For example, heat may be applied to raise

X . (step 630), € ] S
incogpartad hersit Ry AP TTEnFR id S ettty e it Mg AR ROy Yrgppaatus is
emploftd s appIs heatta s alngie JeaylpignmesRing shakafadting Mmesns.

or element is controlled to be within the temperatures and means that are

Furtherie gasimaebe oty of asnneseriochnirarpalydieatdrimy, netisahtyelid
[0029530ftRRING ARQSKEDEW ARRE AckRIhiR bermpaies 8linnaapaly 8e23¢] A

force may also be applied to the eyelid to increase the efficiency of heat

appligdrrsglated hesticarsipdade Aoito iR isatiacstrsr e fora demng prygigecfile.
The mg@atwwma%@smmmmﬁmmﬁm %ﬁqﬁéﬁi@ R PI@bns,

efficient conductive heat transfer. Further, the application of force reduces

peakp ishvallsyn Hatbeiibs temesstueBrRilemmahastudedentsulsrsne be
modENelfiSARY ROV thariRMASTAIUIRRIdRG e i@mﬁm%a@aﬂ%&&aﬂwn

rise to higher levels, but do so more quickly and efficiently (step 632).

(PWdseshnideshcHrenie of rapdulated hsatimah allnudhs tepmerritrs b raised
evenHiJHoLR IR 'eRINAIRMP@IRIIC it HIG BRI RN g lanes b fiRasda

melt, loosen, or soften the obstructions_or occlusions (step 634). The force

tempgralrss AseAnBlicdf b rHeRPssipds R e o AbsBURLIQRS 98 SePUHgnS At ke
meibéRANNERRCRRIAHS 6 esdads Medataial ,%f@.&ﬁ:ﬁfﬁ%gﬂ&ﬁ% e RO WYY
andas an

reduce convective heat loss at the meibomian gg thus WO

tempgrasaesdabmay e anplitsbyothoss dhe sceirndukisp drsturd he emaetawire
need A ABIEToBLRAS o liéh bRSRRAISH VSt {RITRO R rapRIRINOH Hisvforce

was removed. Maintaining heat without maintaining force may be

keratiginod YRS UHGUPBIBLACABI R ife NgEAHSbsuRtianp RTRERH R B R/

samd kRBHRRN IS o fei X P RetlimAYoRAIGSY aRIgN AR IRE terfReRres
the total amount of treatment time while appi force

’ ) lying and removin
betwpehfdandreatngizes Geliunmauproosttie 9&6@.&@)@3%@%%

espe@AIUR RO RIREh4Y Bt Hhasameduration as application of heat, if the
obstruction or occlusion is located in close proximity to the lid mar%(i‘g

n
[00216] o the regninedibest cAp Srimaintainsd #hailisreiitdarperatves fra
treatiBREpSHBNITAR NG/ Bt BE ARPSaierR Iiates Oratermsithess for

obstructions or occlusions in the meibomian glands may be expressed so

example, singe the applicatietpl doresmmcrefxne thiormQuptioh tims ke fpsithe
heat RYeéd SiaRi &3tk tBﬂQ?e’iQﬂu}'@@t faEcR sy @ﬁﬁ!ﬂtﬁﬂtﬁ@@éﬁf@a 1&@l1aThe

force generating means is controlled, to be within the pressure ranges that

heat a%léé%éqé%@%ﬁm@f fRHeARdimainpined iraeinshirekreried O LB th&eep
temperature at the meibomian gland to be raised sufficiently. The force
may be applied during heating, after heating, or both during and after
heating. In either case, the force may assist in expressing occlusions or
obstructions when in a loosened, softened, or melted state from the
meibomian glands. The force may include vibratory type forces, including
mechanical or those using fluid type devices or mechanisms. The level of
force needed to express obstructions or occlusions in the glands may be

Aaraaths radiirad . whan haat ic annliad +a tha nhetriictinne nr necliicinne 0



[00241] Any device may be employed to generate heat on the inside and

outside of the patient's eyelid, including those described herein. Just as
WQIKE84$&¥ Above in the WO 2008/089327PCT/US2008/05130/GT7652008/051309

flowchart of Figures 6, where only hédt is applied, regulated heat can

include controlling heat according to a temperature profile. The

temperature profile. may be a constant temperature, include ramp-ups,
the oecEion SrSSiRucTon Ih ¢ el Rt R SeHsperbatae: phie dugme or
afteinsokchedabat puyespidted healy latetanitaMaripes ohas aHIRES UGS, dRREHinds
the use.of pulse width. modulation (PWM) techniques. The use of )
f“’mrﬁg% m&%gﬁ%lé‘%\rgréﬁésﬁﬂiﬁ?ﬁ% fi%‘iﬂgf&?a%ﬁé E%W?HM\}% haynesssntindly
melieyalichesthplat ethinagedpeiivpatiaa(byevielit sinsR M IRGRAIADbinding solids

1% mperatures are applied for shorter periods of time. Obstructions or
together,). . . ) . . .
occlusions in the meibomian glands may have melting, loosening, or
[002b7niOgtimially thfiteeRpreysisldLPeEalusRmtRoRaMBE AR RYPEr ithRUL
(steﬁ éﬁe of modulated heat, The temperature needed to melt, loosen, or

S
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promodistthetier doacsfustamiantior adiabsbrpianRsanASHHRARSE HENEHRNS of

same melting, loosening, or softening poinis. By example only, elevated
the G5 T HRIASIUER ARk 4 S PRPUE A ES B s oy BB SG Bigtichand

8 regppiyingsesiiphateddueagiesageindyibiasuqlidihaphiresiatesthrtized.
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meibomian gland.

[00219] A force may also be applied to the inside of the eyelid to increase the
efficiency of heat transfer. As previously described, the application of force towards the
heat source with the patient’s eyelid “sandwiched” therebetween provides greater surface
contact between the heat source and the eyelid for more efficient conductive heat transfer.
Further, the application of force reduces blood flow in the eyelids to reduce convective
heat loss through the eyelids and allow the temperature at the meibomian glands to not

only rise to higher levels, but do so more quickly and efficiently (step 612).



76 examples of appropriate pharmacological agents, but those skilled in

the art will appreciate that other pharmacological compounds may be
WQENGERIRIG244] Those skilled in the art will recognize improvBREHESWE@S1309

modifications to the preferred embodi$nents of the present invention. Heat

as used in this application can mean the application of thermal energy.
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of treatment time while applying and removing force between treatments. Also, it may
not be necessary to apply significant amounts of force, or for the same duration as
application of heat, if the obstruction or occlusion is located in close proximity to the lid
margin rather than in the deeper portions of the meibomian gland. Thereafter, either
during heating and/or the application of force or after either, obstructions or occlusions in
the meibomian glands may be expressed so that sebum flow is restored from the glands to
establish a sufficient lipid layer (step 616).

[00221] The force may be regulated, meaning that a force generating means is
controlled to be within the pressure ranges that are safe to be applied to the eyelid and at
sufficient pressure to allow the temperature at the meibomian gland to be raised
sufficiently. The force may be applied during heating, after heating, or both during and
after heating. In either case, the force may assist in expressing occlusions or obstructions
when in a loosened, softened, or melted state from the meibomian glands. The force may
include vibratory type forces, including those generated mechanically or using fluid type
devices or mechanisms. The level of force needed to express obstructions or occlusions in
the glands may be greatly reduced when heat is applied to the obstructions or occlusions
to place them in a melted, softened, or loosened state.

[00222] The application of force can also stimulate the movement of fluids or
suspensions of occlusions or obstructions from the glands. The present invention can be
used with devices which generally apply a regulated force or milking action to the eyelid
to express the fluids or suspensions or to otherwise mechanically stimulate the movement

of fluids from the glands. In some instances, a small, gentle, continuous force applied to



a force application device positioned on the inner surface of the patient's
eyelid, wherein the force application device applies a compressive force to
WM A3 Urface of a patient's eyelid; and a controller comm®&&EAIRAERB/051309

coupled to the lid warmer and the fof application device, wherein the
controller is further adapted to: send a signal to the lid warmer to apply

{ {0 the inner surface.of a patient's eyelid to a tempertature level to
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Further, a gas may be employed as opposed to fluid to apply heat to the patient’s eyelid.
[00224] Just as discussed above in the flowchart of Figures 6, where only heat is
applied, regulated heat can include controlling heat according to a temperature profile.
The temperature profile may be a constant temperature, include ramp-ups, ramp-downs,
peaks and valleys. Further, the temperature profile may include heat pulses or be
modulated with various characteristics, including the use of pulse width modulation
(PWM) techniques. The use of modulated heat may allow the temperature to be raised
even higher at the eyelid without damage to the patient’s eyelid since the increased
temperatures are applied for shorter periods of time. Obstructions or occlusions in the
meibomian glands may have melting, loosening, or softening points that are beyond
temperatures that may be applied without the use of modulated heat. The temperature
needed to melt, loosen, or soften obstructions or occlusions may depend on how
keratinized the obstruction or occlusion is. Not all obstructions or occlusions have the
same melting, loosening, or softening points. By example only, elevated temperatures
between 47 and 55 degrees Celsius may be possible when applying modulated heat,
especially if the eyelid has been anesthetized.

[00225] The regulated heat can be maintained at a therapeutic temperature for a
treatment period. The treatment period can be approximately 1 to 10 minutes for
example, since the application of force may reduce the amount of time it takes for the
heat source to raise the temperature at the meibomian glands to the desired level. The
heat could also be repeatedly applied and maintained for a desired period of time to keep

the occlusion or obstruction in a melted, loosened, or softened state. Either during or



4. The system of claim 1, wherein the controller is further adapted to
check a fuse on the lid warmer to determine if the lid warmer has been

W P80188R7 Used before sending the signal to the lid warmer t&ap3iy2HeH§51309
to the inner surface of a patient's eyéfll to a temperature level to melt,
loosen, or soften an obstruction in a meibomian gland. 5. The system of
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applying heat and force to a patient’s eyelid to treat MGD. In this embodiment, heat and
force are both applied to the outside of the eyelid. Heat is applied to the outside of the
eyelid to provide conductive heat transfer to the meibomian glands to the desired
temperature level (step 620). For example, heat may be applied to raise the temperature
at the inside of the eyelid between 43-47 degrees Celsius. The heat may also be
regulated, meaning that a heating means or element is controlled to be within the
temperatures and means that are safe for the eyelid and at a sufficient temperature for
melting, loosening, or softening an occlusion or obstruction in the meibomian gland.
[00228] A force may also be applied to the outside of the eyelid to increase the
efficiency of heat transfer. As previously described, the application of force may provide
greater surface contact between the heat source and the eyelid for more efficient
conductive heat transfer. Further, the application of force reduces blood flow in the
eyelids to reduce convective heat loss through the eyelids and allow the temperature at
the meibomian glands to not only rise to higher levels, but do so more quickly and
efficiently (step 622).

[00229] The heat and/or force may be maintained for a period of time sufficient to
raise the temperature at the meibomian glands sufficient to melt, loosen, or soften the

obstructions or occlusions (step 624). The force may be maintained after heat is



11. The system of claim 9, wherein the controller is further adapted to

generate an error and/or not send the signal to the lid warmer to have the
WU BRment generate heat if the temperature level at the R 051309

does not initially meet or exceed bodl temperature. 12. The system of

claim 1, wherein the controller further comprises a display comprising a
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controlled to be within the pressure ranges that are safe to be applied to the eyelid and at
sufficient pressure to allow the temperature at the meibomian gland to be raised
sufficiently. The force may be applied during heating, after heating, or both during and
after heating. In either case, the force may assist in expressing occlusions or obstructions
when in a loosened, softened, or melted state from the meibomian glands. The force may
include vibratory type forces, including those generated mechanically or using fluid type
devices or mechanisms. The level of force needed to express obstructions or occlusions
in the glands may be greatly reduced when heat is applied to the obstructions or
occlusions to place them in a melted, softened, or loosened state.

[00231] The application of force can also stimulate the movement of fluids or
suspensions of occlusions or obstructions from the glands. The present invention can be
used with devices which generally apply a regulated force or milking action to the eyelid
to express the fluids or suspensions or to otherwise mechanically stimulate the movement
of fluids from the glands. In some instances, a small, gentle, continuous force applied to
the eyelid will assist in expression of the fluids and suspensions. Vibration can also be
used when applying force simultaneously or immediately after the heating to further

assist in the expression.



18. The system of claim 7, wherein the controller further comprises a data
log, and wherein the controller is further adapted to store information
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even higher at the eyelid without damage to the patient’s eyelid since the increased

temperatures are applied for shorter periods of time. Obstructions or occlusions in the
meibomian glands may have melting, loosening, or softening points that are beyond
temperatures that may be applied without the use of modulated heat. The temperature
needed to melt, loosen, or soften obstructions or occlusions may depend on how
keratinized the obstruction or occlusion is. Not all obstructions or occlusions have the
same melting, loosening, or softening points. By example only, elevated temperatures
between 47 and 55 degrees Celsius may be possible when applying modulated heat,
especially if the eyelid has been anesthetized.

[00234] The regulated heat can be maintained at a therapeutic temperature for a
treatment period. The treatment period can be approximately 1 to 10 minutes for
example, since the application of force may reduce the amount of time it takes for the
heat source to raise the temperature at the meibomian glands to the desired level. The
heat could also be repeatedly applied and maintained for a desired period of time to keep
the occlusion or obstruction in a melted, loosened, or softened state. Either during or
after such treatment by regulated heat, mechanical expression of lipids and other fluids

from the meibomian glands has been found to clear obstructions which have essentially
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melted or been placed in a suspension state (by virtue of melting materials binding solids
together).

[00235] Optionally, after expression of occlusions or obstructions is performed (step
626), an optional pharmacological agent may be applied to the meibomian gland to
promote the free flow of sebum and/or reduce or prevent inflammation or infections of
the eye or eyelids (step 628). The previous discussion in the flowcharts of Figures 6 and
8 regarding use of pharmacological agents above is equally applicable for this
embodiment and thus will not be repeated here. Those compounds are illustrative
examples of appropriate pharmacological agents, but those skilled in the art will
appreciate that other pharmacological compounds may be utilized.

[00236] Figure 44 illustrates an alternative embodiment of the present invention for
applying heat and force to a patient’s eyelid to treat MGD. In this embodiment, heat is
applied to both the inner and external surface of the patient’s eyelid. Force may also be
applied to the patient’s eyelid. Heat is applied to the both the inside and outside of the
eyelid to provide even more efficient conductive heat transfer to the meibomian glands to
the desired temperature level (step 630). For example, heat may be applied to raise the
temperature at the inside of the eyelid between 43-47 degrees Celsius. The heat may also
be regulated, meaning that a heating means or element is controlled to be within the
temperatures and means that are safe for the eyelid and at a sufficient temperature for
melting, loosening, or softening an occlusion or obstruction in the meibomian gland.
[00237] A force may also be applied to the eyelid to increase the efficiency of heat
transfer. As previously described, the application of force may provide greater surface
contact between the heat source and the eyelid for more efficient conductive heat transfer.
Further, the application of force reduces blood flow in the eyelids to reduce convective
heat loss through the eyelids and allow the temperature at the meibomian glands to not
only rise to higher levels, but do so more quickly and efficiently (step 632).

[00238] The heat and/or force may be maintained for a period of time sufficient to
raise the temperature at the meibomian glands sufficient to melt, loosen, or soften the
obstructions or occlusions (step 634). The force may be maintained after heat is
removed, or vice versa depending on the treatment technique desired. Maintaining force

after heat is removed may reduce convective heat loss at the meibomian glands and thus
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keep the temperature level at the meibomian glands to the therapeutic levels for more
time than if the force was removed. Maintaining heat without maintaining force may be
employed to allow blood flow in the eyelids, such as between successive treatments. For
example, it may be desirable to maintain heat to lessen the total amount of treatment time
while applying and removing force between treatments. Also, it may not be necessary to
apply significant amounts of force, or for the same duration as application of heat, if the
obstruction or occlusion is located in close proximity to the lid margin rather than in the
deeper portions of the meibomian gland. Thereafter, either during heating and/or the
application of force or after either, obstructions or occlusions in the meibomian glands
may be expressed so that sebum flow is restored from the glands to establish a sufficient
lipid layer (step 636).

[00238] The force may be regulated, meaning that a force generating means is
controlled to be within the pressure ranges that are safe to be applied to the eyelid and at
sufficient pressure to allow the temperature at the meibomian gland to be raised
sufficiently. The force may be applied during heating, after heating, or both during and
after heating. In either case, the force may assist in expressing occlusions or obstructions
when in a loosened, softened, or melted state from the meibomian glands. The force may
include vibratory type forces, including mechanical or those using fluid type devices or
mechanisms. The level of force needed to express obstructions or occlusions in the glands
may be greatly reduced when heat is applied to the obstructions or occlusions to place
them in a melted, softened, or loosened state.

[00240] The application of force can also stimulate the movement of fluids or
suspensions of occlusions or obstructions from the glands. The present invention can be
used with devices which generally apply a regulated force or milking action to the eyelid
to express the fluids or suspensions or to otherwise mechanically stimulate the movement
of fluids from the glands. In some instances, a small, gentle, continuous force applied to
the eyelid will assist in expression of the fluids and suspensions. Vibration can also be
used when applying force simultaneously or immediately after the heating to further
assist in the expression.

[00241] Any device may be employed to generate heat on the inside and outside of the

patient’s eyelid, including those described herein. Just as discussed above in the
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flowchart of Figures 6, where only heat is applied, regulated heat can include controlling
heat according to a temperature profile. The temperature profile may be a constant
temperature, include ramp-ups, ramp-downs, peaks and valleys. Further, the temperature
profile may include heat pulses or be modulated with various characteristics, including
the use of pulse width modulation (PWM) techniques. The use of modulated heat may
allow the temperature to be raised even higher at the eyelid without damage to the
patient’s eyelid since the increased temperatures are applied for shorter periods of time.
Obstructions or occlusions in the meibomian glands may have melting, loosening, or
softening points that are beyond temperatures that may be applied without the use of
modulated heat. The temperature needed to melt, loosen, or soften obstructions or
occlusions may depend on how keratinized the obstruction or occlusion is. Not all
obstructions or occlusions have the same melting, loosening, or softening points. By
example only, elevated temperatures between 47 and 55 degrees Celsius may be possible
when applying modulated heat, especially if the eyelid has been anesthetized.

[00242] The regulated heat can be maintained at a therapeutic temperature for a
treatment period. The treatment period can be approximately 1 to 10 minutes for
example, since the application of force may reduce the amount of time it takes for the
heat source to raise the temperature at the meibomian glands to the desired level. The
heat could also be repeatedly applied and maintained for a desired period of time to keep
the occlusion or obstruction in a melted, loosened, or softened state. Either during or
after such treatment by regulated heat, mechanical expression of lipids and other fluids
from the meibomian glands has been found to clear obstructions which have essentially
melted or been placed in a suspension state (by virtue of melting materials binding solids
together).

[00243] Optionally, after expression of occlusions or obstructions is performed (step
636), an optional pharmacological agent may be applied to the meibomian gland to
promote the free flow of sebum and/or reduce or prevent inflammation or infections of
the eye or eyelids (step 638). The previous discussion in the flowcharts of Figures 6 and
8 regarding use of pharmacological agents above is equally applicable for this

embodiment and thus will not be repeated here. Those compounds are illustrative



76

examples of appropriate pharmacological agents, but those skilled in the art will
appreciate that other pharmacological compounds may be utilized.

[00244] Those skilled in the art will recognize improvements and modifications to the
preferred embodiments of the present invention. Heat as used in this application can mean
the application of thermal energy. Heat may be applied to the patient’s eyelid, related
structure, or surrounding tissue using any type of thermal energy. Force may be applied to
the patent’s eyelid to apply pressure to the patient’s eyelid, related structure, and/or
surrounding tissue using any type of force or force generating means or device. All such
improvements and modifications are considered within the scope of the concepts disclosed

herein and the claims that follow.



What is claimed is:

1.

A system for treating meibomian gland dysfuncticomprising:

a lid warmer containing a heating element, whetbm lid warmer is adapted to be

positioned behind a patient’s eyelid on the extemaface of the sclera of a patient’s eye,

wherein the lid warmer applies heat to an innefaser of a patient’s eyelid to a temperature

level to melt, loosen, or soften an obstructionated within a meibomian gland channel of a

meibomian gland,;

a force application device positioned on the irsweface of the patient’s eyelid, wherein

the force application device applies a compres&ikee to the inner surface of a patient’s eyelid;

and

2.

a controller communicatively coupled to the lidrmar and the force application device,
wherein the controller is further adapted to:

send a signal to the lid warmer to apply heath® ihner surface of a patient’s
eyelid to a temperature level to melt, loosen,ajtesr an obstruction located within the
meibomian gland channel of a meibomian gland,;

control the force application device to generatompressive force on the inner
surface of the patient’s eyelid to express therabsbn located within the meibomian
gland channel and from within the meibomian glahdrmel through a meibomian gland
orifice of the meibomian gland; and

maintain the signal to the lid warmer to maintdie heat on the inner surface of

the patient’s eyelid for a period of time.

The system of claim 1, wherein the controllettfar comprises a lid warmer controller

that is adapted to control the heating elementotatrol the amount of heat generated by the

heating element.

3.

The system of claim 2, wherein the lid warmentodler is a pulse width modulated

controller.



4. The system of claim 1, wherein the controlleiuisher adapted to check a fuse on the lid
warmer to determine if the lid warmer has been iptesly used before sending the signal to the
lid warmer to apply heat to the inner surface pladient’s eyelid to a temperature level to melt,

loosen, or soften an obstruction in a meibomiandjla

5. The system of claim 1, wherein the controlletHar comprises a therapy timer, wherein
the therapy timer controls the amount of time toetiller sends the signal to the lid warmer to

apply heat to the inner surface of a patient’sidyel

6. The system of claim 5, wherein the controllertifear comprises a display having a
therapy timer display, wherein the controller isajpigéd to display the amount of time in the

therapy timer on the therapy timer display.

7. The system of claim 1, wherein the lid warmeatHer comprises a temperature feedback
device adapted to measure the temperature levitlealid warmer, wherein the controller is
further adapted to monitor the temperature levekhat lid warmer using the temperature

feedback device.

8. The system of claim 7, wherein the temperataegllback device is comprised of at least

one thermistor.

9. The system of claim 7, wherein the controllggulates the signal sent to the lid warmer
to regulate the heat generated by the heating eleb@sed on the temperature level at the lid

warmer from the temperature feedback device.

10.  The system of claim 9, wherein the controlierurther adapted to generate an error
and/or disable the signal to the lid warmer to aiidmue the generation of heat by the heating

element if the temperature level at the lid warerareeds a threshold temperature level.



11.  The system of claim 9, wherein the controlierurther adapted to generate an error
and/or not send the signal to the lid warmer toehthe heating element generate heat if the

temperature level at the lid warmer does not iltytiaeet or exceed body temperature.

12.  The system of claim 1, wherein the controllatHer comprises a display comprising a

temperature level display that displays the tentpezdevel at the lid warmer.

13.  The system of claim 1, wherein the controllettfer comprises a pressure controller that
is adapted to control the force application dewiwecontrol the amount of compressive force

generated by the force application device.

14.  The system of claim 1, wherein the controllettfer comprises a force lever, wherein the
pressure controller is further adapted to conthel tompressive force generated by the force

application device in response to engagement diotioe lever.

15.  The system of claim 1, wherein the controllerttfer comprises a pressure feedback
device adapted to measure the compressive forcerafed by the force application device,
wherein the controller is further adapted to manibe pressure level of the compressive force at

the inner surface of the patient’s eyelid usingphessure feedback device.

16.  The system of claim 15, wherein the controléefurther adapted to generate an error
and/or disable a compressive force generated byotice application device to discontinue a
compressive force generated at the inner surfadbeopatient’s eyelid if the pressure of the

compressive force generated by the force applicat&vice exceeds a threshold pressure level.

17.  The system of claim 1, wherein the controlletHer comprises a display comprising a
pressure level display that displays the presstithen compressive force applied to the inner

surface of the patient’s eyelid.



18.  The system of claim 7, wherein the controlletiHer comprises a data log, and wherein
the controller is further adapted to store infonoratrelating to the temperature levels measured

by the temperature feedback device.

19.  The system of claim 15, wherein the contrdilether comprises a data log, and wherein
the controller is further adapted to store inforioratrelating to the pressure levels of the

compressive force measured by the pressure feedieatte.

20.  The system of claim 1, wherein the controllertifer comprises an energy source to
power the controller, and wherein the controllefugher adapted to generate an error if the

energy source cannot generate a threshold energyrdam

21.  The system of claim 1, wherein the controkefurther adapted to assist in the expression
of the obstruction from the meibomian gland chammighe meibomian gland by controlling the

compressive force generated by the force applicat&vice.

22.  The system of claim 1, wherein the controllsrfurther adapted to maintain the
compressive force generated by the force applicatievice while the controller is sending a

signal to the lid warmer to generate heat.

23.  The system of claim 1, wherein the controllsrfurther adapted to maintain the
compressive force generated by the force applicatdievice while the controller is sending a
signal to the lid warmer to generate heat to redioed flow in the patient’s eyelid to reduce

convective heat loss from the heat applied torher surface of the patient’s eyelid.

24.  The system of claim 1, wherein the controkeiurther adapted to generate a signal to the
lid warmer to generate the heat at a temperatued letween approximately 35 and 55 degrees

Celsius.



