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PKPG (PKP-Glaucoma)

Glaucoma

* Uncontrolled IOP is a leading cause of graft
failure

* aggressive treatment is usually necessary.
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PKPG

* Even treated glaucoma has an increased risk
of graft failure

Glaucoma
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/" A38 yo WM underwent a 8.0mm penetrating IEK
Keratoplasty for keratoconus in his right eye in Sept 2012

In May 2013 he requests my opinion for significant visual
loss x2 weeks.

Eye Meds: Dexamethasone 0,1% qid
Vision: HM

SLEX: Clear Graft

+++APD/ Cupped out ONH
OD 44/48 (90 degrees apart)

TGappI:
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Glaucoma

Athens Vision \..)' |



o’
—

Athens Vision \..)' |



ON
Glaucoma Eilure

e’
—_—

Athens Vision \..)'



Glaucoma

) I5
failure

Athens Vision \..)'
S -



* Uncontrolled IOP after PKP (PKPG) is one of the
leading causes of graft failure and visual loss.

* Aggressive treatment is mandatory

I |IOP>>Loss of Ganglion cells >
Visual Loss
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Patient #2

68 yo WM monocular with PBK referred for DSEK
POHXx : Phaco, Trabx1, revisionx1

Meds: Xalatan gHs , Cosopt bid

(C/D 0,8) T appl 22mmHg

Pachym 734 Va 20/400-

Action: Ahmed Valve in the Sulcus, T appl 14

no meds, Pachym 625u, surgery
deferred for >2 years so far...

Va 20/50-



* Controlling uncontrolled IOP before keratoplasty
may even improve Corneal Longevity

* Aggressive treatment is mandatory

I |IOP>>Loss of Endothelial
cells > Visual Loss
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Patient #3

67 yo WM monocular Patient with failed graft
referred for DSEK

POHXx : Phaco, PKP x2

Meds: Xalatan gHs , Cosopt bid, Alphagan bid
C/D ?? T appl 22mmHg

Pachym 674 Va HM / NO NASAL PROJECTION

Dx



* You may restore vision after a failed
graft but NO ONE, ANYWHERE in the

WORLD can restore vision in a eye with
a cupped out ON

Athens Vision \.}



Glaucoma
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Graft Rejection
Late Endothelial Failure

“wrong” indication
Refractive Failure
Ocular Surface Disease
Recurrent Disease
Concurrent Disease
Complication

Eye Failure
Patient Failure

€8 central fusion disruption syndrome
anisometropia
HOA, Infection, Inflammation, Toxicity

Dystrophies, Herpes, keratoconus

Glaucoma, ARMD

infection, hemorrhage, expulsion, RD....

Glaucoma, Endophthalmitis, RD

Topical & Systemic Immunomodulation




Corneal Graft Survival/Failure
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N Graft?
n Recipient?
n Indication?

n Surgical Procedure?
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My Doctor said "Only 1 glass of
alcohol a day”. I can live with that.

e Compliance with Tx
— Worse with poor vision

 Age and Glaucoma Risk
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Keratoconus
Corneal Dystrophy
Fuchs

PBK/ABK

Trauma

Infection

Chemical Burn
Aniridia

OCP/ SIS

Silicone Keratopathy
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PKP <8,5
PKP >8,5
DALK
AD-DALK (9.0)
TILK (10+)

DSEK <9.0
DSEK >9.0
DMEK
Boston Kpro
OOKP




Cornea Graft Survival:
What we (usually) tell our patients

* Cornea transplantation is the most successful
transplantation in Medicine. No systemic
medication is needed

* Most first grafts for keratoconus will survive at
least 5-10 years (¥95% to 90-%). Other indications
have somewhat lower success rates.

* At least % of grafts will experience a rejection
episode but 90% of them are reversible and
should receive prompt attention & Rx
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Kidney, living /deseased donor :
T Austr Graft Registry

o | Living Domee
| = Dwiownd Donor
1 ot Df e wmcn In Sandesd Rty |

755 With keratoconus, n=4384

Sarvive Rate

SERREEE

Heart-Mayo Clinic

\

1-y survival = 92.6% = 1.3% (n=345)
S-y survival = 81.2% = 2.1% (n=230)
20 - 10-y survival = 64.8% = 3.0% (n=119)

Without keratoconus, n=10709

P < 001

T T
] 2 4 6 8 10

Time After Transplant, y
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National
Eye
Institute

NATIONAL INSTITUTES OF HEALTH
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Cornea Donor Study (CDS) Investigator Group sa
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Ophth 2008
5 year Report: ECD 1/median 824 Group A (69% loss)

2/ median 654 Group B (75%
lossEndothelial loss afterPKP)

Ophth 2013
Only 14%of grafts have a ECD of >1000cells/mm at 10

years
median cell loss over 75% (median ECD 628 !)

JAMA Ophthalmol 2013 Apr;13 (5): 601-608
Ophthalmology 2008; 115:627-632
Ophthalmology 2013 Dec;120(12):2428-35



http://cds.jaeb.org/
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Evaluated over 1000 patients with endothelial dysfunction (Fuchs-
ABK-PBK)

Donor age up to 75, and other factors(retrieval-processing-
preservation-utilization) ABO incompatibility: no effect on graft
survival for at least 5 years

Risk of graft failure 4x greater for PBK/ABK then Fuchs (27-7%)

Prior Glaucoma Surgery or preoperative Glaucoma medication use
also increased graft failure

Pearls: phakic status vs pseudophakia or triples and female
increased risk for failure in Fuchs

Sharp decrease of ECD within the first 6mos (mean 24% vs 10%
normal) is a predictor for later graft failure within 5 years




Cornea Graft Survival:
What we (usually) do not tell our patients

Graft survival “for other” indication approaches ~“80% at 5
years for medium risk and less then 50% for the high risk.

Graft Survival continues to drop after 10-15 years for at
least 10 more years.

Few grafts actually have 4-dig endothelium
numbers after 5 years
The chance of rejection in the second graft doubles.

There is a real risk of traumatic wound dehiscence with
expulsion hemorrhage.

A failed graft is oftentimes worse then the original
disease!

There is a frank risk of developing blinding
Glaucoma



OVS g};ﬁﬁgﬁggg & Leading clinical and laboratory
visual science ophthalmology and vision research
an ARVO journal

Laser scanning in vivo confocal microscopy highlights profound

reductions in cell density at every level of the
transplanted cornea and alterations to the subbasal plexus that
are still apparent up to 40 years after penetrating keratoplasty.

—
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Incidence of Glaucoma after PKP
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* Incidence of glaucoma varies with the indication, phakic
status, Hx of prior glaucoma, Regrafting, combined
surgery with cat (triple), Presence of PAS

— Expect less then 5% incidence in Keratoconus
patients

—expect 1/3 to % of patients with PBK to develop
glaucoma

— Prior controlled glaucoma: 4X higher risk to
progress

— Regrafts: 2X higher risk
Kirkness CM et al,Cornea 1992;11(5) 427-432

Simmons RB et al Trans Am Ophthalmol Soc 1989;87:79-91
- SihotaR et al, Aust N Z Ophthaimol1998:76(4):305-309



Rejection

1.3-3.6
<001 002

@mr o 4 7 % 1.7 (0.93.2) 2.9 (1.7-4.9) 3 O O/Ol 1 (o 5 2.8)

Pvalue <.001 .08 <001
Deep stromal vascularipation
RR (95% CI) 1.9 (1.3-2.6) 2.7 (1.6-4.8) 1.1 (0.5-2.3) 1.6 (0.7-3.8)

Pvalue <.001 ! .82
Diabetes mellitus

: S(T.0-T.8 3(0.7-¢. ‘ R 2
value .08 A6 69
ipient race 407 = 434% 15 3%
RR (95% CI) 2.4 (1.5-3.8) 2.2 (0.9-5.2) 3.6 (1.8-7.4) 0.6 (0.08-4.3)
Pvalue <.001 .07 <.001 59
Recipient bed <7 mm
RR (95% Cl) 26 (1.7-4.0) 3.2 (1.5-6.7) 4.8 (2.4-9.5) 2.0(0.6-6.5)
Pvalue <001 003 <001 23

Abbreviations: Cl, confidence interval; RR, relative risk.
*The RRs and Pvalues were determined by Cox proportional hazards regression modeling. P<.05 was considered significant.
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* introduction of topical corticosteroids/
immunology of graft rejection



J, Numbers
(apoptosis)

J Cytokines

J, Numbers

J, Cytokines

<4 Numbers

Inflammatory Cells

Eosinophils

-lymphocyte

Mast Cells e

Macrophages

Dendritic cells

Structural Cells

Epithelial Cells J Cytokine
Mediators

Endothelial Cells J Leak

Smooth Muscle 1 R2-Receptors
J Cytokine

Mucus Gland J Mucus
Secretion
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Steroids- induced Glaucoma

M R Raxeghinejad, L Jay Katz, Ophthalmic Res 2012;47:66-80

“approximately one-third of individuals (and 90% of
POAG’s ) experience a moderate increase in |OP
after topical steroid use.....BUT LESS THEN 31"

“Mostly” reversible on stopping but NOT always!
GLC1A/ TIGR/ MYOC 1q21/ 1g31

Espildora J et al Cortisone-induced Glaucoma:a report on 44 affected eyes J Fr
Ophthalmol 1981;4:503-508

Armaly MF, Becker B: Intraocular pressure response to topical corticosteroids. Fed
Proc 1965; 24:1274-1278.



* Decrease Outflow (Extracellular matrix deposition)
— Inhibition of glycosaminoglycans catabolism

— Stabilization of lysosomal membranes, inhibiting release of
enzymes which break down GAG’s

— Inhibition of phagocytosis of foreign material by trabecular

endothelial cells, blocking outflow channels

— Inhibition of PG E /F whose normal function is to increase
outflow activity

— Structure activity studies indicate direct relationship
between anti-inflammatory potency to hypertensive effect
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refractive surgery

Tamburrelli C et al, Underestimate of tonometric readings after
photorefractive keratectomy increases at higher intraocular pressure
levels Invest Ophthalmol Vis Sci 2005;46:3208-3213

Davidson Rs et al, Intraocular pressure-induced interlamellar keratitis after
LASIK surgery , J Glaucoma 2003;12:23-26

Hamilton et al. Steroid induced glaucoma after laser in situ keratimileusis
associated with interface fluid, Ophthalmology 2002;109:659-665

Samuelson T W Refractive Surgery in Glaucoma Curr Opin Ophthalmol
2004;15:112-118

Yamaguchi T et al, Diagnosis of steroid-induced Glaucoma After
Photorefractive Keratectomy J Refr Surg 2008;24:413-415

Munger R, Changes in measured intraocular pressure after hyperopic
photorefractive keratectomy m J Cat and Refr Surg 2001; 27:1254-1262




* Topical steroids (prednisolone) still universally

used for routine postoperative management for
at least 6 months

e 12-26% switch to Loteprednol for routine
management

JB Randelman&RD Stulting. Cornea 2006;25 (3): 286-290
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Rise in IOP (mmHg) Anti-inflammatory
potency

Dexamethasone 0,1%
Prednisolone 1%
Fluorometholone 0,1%

Hydrocortisone 0,5%

Tetrahydrotriamsinolone
0,25%

Medrysone 1,0%

Stewart et al Arch Ophthalmol

1979;97:2139-2140 .
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Difluprednate 0,05%
Dexamethasone 0,1%
Prednisolone acetate 1%
Prednisolone phosphate 1%

Rimexolone susp 1%
Loteprednol 0,5%
Fluorometholone 0,1%
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BAUSCH+LOMD

- LOTEMAX

' lotepredsct etabonate
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o LOTEMAXGEL

Wteprednol etabonate
ophthalmic gel 05%

Lotegrednol
Eiaboneie Oghthaimit
Suspension 0.5% w

4 Loteflam
Eye Drops
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Loteprednol: Ester Steroid
“soft drug” concept of Bodor:

predictable metabolism to inactive metabolites
after exerting their therapeutic effect

Recommended in low risk Keratoplasty
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NDC 42826-601-05
®x only

DUREZOL.
(difluprednate ophthalmic
emulsion) 0.05%

SIRION

Therapeutics
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Steroid induced Glaucoma Tx

e Medical treatment of Steroid Induced
Glaucoma

— Beta Blockers, a2 Agonists, CAl’s
— Laser Trabeculoplasty
* Surgery:

— Expect further significant Steroid induce rise in
IOP in 23%o0f eyes despite successful Trab

Thomas R, Arch Clin Exp Ophthalmol 1988;226:337-340

—Trabeculectomy

Jonas JB et al J Glaucoma 2004;137:758-760,
Honjo M et al, J Glaucoma 2000;9:483-485



RAPEUTICS ORIGINAL ARTICLES

oid-Induced Elevated Intraocular
vith Anecortave Acetate:
omized Clinical Trial

56
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Novel Glaucoma Treatments:
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RSVP respondez s’il vous plait
Please Respond!

Redness
Sensitivity
Vision
Pain
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Surface keratopathy s/p PKP *

* Punctate Keratopathy, PED, Hurricane Keratopathy,
(Vortex) Keratopathy, Rim Defects & Filamentary
Keratopathy

— 25% of graft failures attributed to surface problems **

— Denervation/ Toxic medications/ abnormal lid-cornea/lack
of hemidesmosomes/ abnormal curvature relationship/
increased permeability

— Vortex Keratopathy 15-30-80%-confocal # (Medication/
Sutures/ Time)

— Older Patients/ Preoperative lid disease / Use of Abx
increased risk of PEK

*Bron AJ Vortex patterns of the corneal epithelium Trans Ophthalmol Soc UK 1973;93:455-472
#Vahid Feiz et al Surface keratopathy after Penetrating Keratoplasty Tr Am Ophth Soc 2001;99:159-170

**Price FW et al Five year corneal graft survival: A large single center patient cohort Arch Opthalmol
1993;111:799-805



e Superficial Hypertrophic Dendritiform
Epitheliopathy *
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Treatment for PKPG

e (Ancillary) Medical Treatment

e Surgical

— Trabeculectomy
— Tube/Shunt
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....No Eye Can Withstand
>25005 worth of ocular
Surgery



e Laser ALT : 1 study Arch Ophthalmol 1988;
106(2): 185-188
— PAS induction and poor visability

NOT Recommended

* Cyclodestruction
— Diode/ krypton/ Nd:YAG laser

* Diode 72% success with single tx: Ocakoglu Curr Eye
Res 2005; 30(7): 569-574

e Equal to Trab MMC/ Shunt Ayyala et al, Ophthalmology
1998; 105(8):1550-56

— Success (<21mmHg 63-97%)
— Graft failure rates: 17-44%

www.athensvision.com




Medical therapy of PKPG

* Beta —adrenergic blocking agents

 Superficial punctate keratopathy, corneal
anesthesia, impaired mucous layer and DES

* Adrenergic Agents
— CME and decreased potency
* Alpha2-adrenergic agonists
— Brimonidine 0,2%
— Apraclonidine: niche AC bleeding

* Association with ocular allergies and intraocular
inflammation

Lass et al Timolol therapy in secondary angle closure glaucoma post penetrating
keratoplasty. Ophthalmology 1979;86(1):51-9



 Miotics
— Old fashioned and PAS, breakdown of blood-
aqueous barrier

— RD risk

* Prostaglandin analogues

— Uveoscleral outflow mechanism
e Caution with patients HSV keratits

Wand et al Latanoprost and herpes simplex keratitis Am J
Ophthalmol 1998;126(4).602-4




Prostaglandine analogs and OSD*

* Sguamous metaplasia

e Stimulation of HLA-DR overexpression at the
conjunctival surface

* Changes in the metalloproteinase/ tissue inhititor
balance

>|<Christophe Badouin et al, Ophthalmology 2008;115:109-115



Medical therapy of PKPG

* Topical carbonic anhydrase inhibitors

— Risk of decompensation

 Konowa A et al. Irreversible corneal decomensation in patients
treated with topical dorsolamide Am J Ophthalmol 1999;127 (4) 403-
6

e Cautious in history of patients with aphakia, uveitis: association with
CME

e Systemic CAl’s
— Excellent for post op Spikes

— Long Term use limited: Paresthesias, tinnitus, nausea, Gl
disturbances, fatique, depression, anorexia, weight loss



Glaucoma medication
Beta Blockers
Alpha-adrenergic drugs
Miotics

Topical CAl’s
Prostaglandindins

Adrenergic agents

Potential Problems in PKPG

SPK, corneal anesthesia, dry eye, subconj fibrosis
SPK, dry eyes, allergies

Inflammation, graft rejection, RD, subconj fibrosis
Induce graft failure in borderline endothelial counts

Uveitis, CME, rec HSV

Epithelial toxicity and CME in aphakia and pseudophakia
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Conjunctival fornix Conjunctival fornix Bulbar conjunctiva
Control BAK BAK



PKPG medication®

* Acting Agent
* Profile of Side effects

Presence of Preservatives
pH level

Free Radical Concentration
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Xalatan 0,00

Duotrav 0,00 5,5 BAK EDTA
Lumigan 0,89 7,4 BAK
Travatan 0,67 6,5 EDTA PQ-1
Combigan 0,25 6,8 BAK
Azarga 0,31 6,8 BAK EDTA
Betoptic 0,31 6,8 BAK EDTA

Cosopt 0,45 5,8 BAK
Cosopt monodose 0,50 5,8 none

Trusopt 0,58 5,8 BAK

Xalacom 0,61 6,1 BAK

Saflutan 0,70 5,3 (EDTA)

Azopt 0,74 6,8 BAK EDTA
Brimonidine 0,78 6,1 BAK

Ganfort 0,66 7,4 BAK

lopidine 4,54 5,3 BAK

Athens Vision




Conclusions: Keratoplasty and Glaucoma

Anticipate Glaucoma and treat it aggressively!
— Expect Steroid associated Glaucoma in up to 1/3 of PKP patients
— according to the indication of Surgery the risk is up to 80%
Immaculate Surgical Keratoplasty technique
e Graft dimentions
e Suturing technigque
* Peripheral Iridotomies

* Complete removal of Viscoelastic
* Treat postop inflammation

Identify increased IOP before and after Keratoplasty
Identify Glaucoma before and after keratoplasty

— ONH photos

— Perimetry

— SDOCT ONH
Treat increased IOP

— Steroids and steroid sparing Tx

— Medical treatment in PKPG is ONLY ANCILLARY!
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