IT'S ALL IN THEIR HEAD:
DIAGNOSING
NEUROLOGICAL RELATED
EYE CONDITIONS

CECELIA KOETTING OD MPH FAAO DIPABO

STANT PROFESSO

“SIGNS AND SYMPTOMS DON'T MAKE SENSE”
IF YOU DON'T UNDERSTAND THE NEUROSENSORY INNERVATION OF THE EYE

Signs of Dry Eye
i

Dry Eye
non- Neuropathic
neurosensory)

Symptoms of
Dry Eye

Neurotrophic “"Normal

of Jaci Theis OD, used

PAIN VS NOCIOCEPTION VS ITCH

* INTERNATIONAL ASSOCIATION FOR THE STUDY OF PAIN (IASP) 2020

¢ PAIN= UNPLEASANT SENSORY AND EMOTIONAL EXPERIENCE AS! IATED WITH OR
RESEMBLING THAT AS! IATED WITH, ACTUAL OR POTENTIAL TISSUE DAMAGE

* NOCIOCEPTION= THE NEURAL PROCESS OF ENCODING AND PROCESSING NOXIOUS
STIMULL

« NOCIOCEPTION CAN HAPPEN WITH OR WITHOUT PAIN
* SIMILAR TO DIFFERENCE BETWEEN SUBJECTIVE VS OBJECTIVE FINDINGS

* |TCH= UNPLEASANT SENSATION THAT LEADS TO SCRATCH OR DESIRE TO SCRATCH
* AN BE MECHANICAL OR CHE} IRRITANTS
OR CAN BE DISEASED NEU

* BLRNING NG MAY
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&

KOETTING

LETS TALK ABOUT
S NINWNNID)
NEURONS

NOCIOCEPTIVE PAIN
TISSUE BASED

CAUSE: RESULTS FROM TISSUE DAMAGE AND INFLAMMATION LEADING TO ACTIVATION OF

NOCICEPTORS
*  NON-NEURAL // DETECTED BY CEPTORS (PAIN RECES

CHARACTERISTICS: US|
WHEN THE INJURY HEALS.

Y LOCALIZED, ACHING, THROBBING, ITCHING, OR SHARP. |T RESOLVES

EXAMPLES: SFRAINED ANKLE, OSTEQARTHRITIS, SURGICAL INCISIONS, BROKEN BONES
O oCuL RF.



VISCERAL SOMATIC

ATING ) , + STIMULATION OF PERIPHERAL NOCICEPTORS

ORGINATING FROM A RCL CAPABLE OF RESPONDI STIMULISUCH AS

NE IS DESCRIBED AS DULL AND DIFFUSE MECHANICAL (PRESSURE], THERMAL, CHEMICAL
RLY LIZED. AND OTHER STIMULATION
FREQUENTLY MEDIATED BY THE SLOWER, SMALL COMMONLY DESCRIBED AS ITCHIN ARP,
UNMYELINATED C-FIBERS. LOCALIZED PAIN THAT IS PREDOMINATELY BEING
5 ARRIED BY FAST, MYELINATED AA-FIBERS
ERCEIVED AS MORE UNPLEASANT THAN RO Ty e
SOMATIC PAIN. EXAMPLES O M ATIC NOCICEPTIVE PAIN:
- BuRN

EXAMPLES FOR VISCERAL NOCICEPTIVE PAIN:

TUMOR INVASION

TURES

OBSTRUCTIONS (BOWEL, URETER, BILE DUCT)
Couc

ANGINA

PANCREATTIS

KELETAL PAIN

NOCIOPLASTIC PAIN
SYSTEM-BASED/SENSITIZATION

CAUSE: PAIN THAT ARISES FROM ALTERED NOCICEPTION DESPITE NQ CLEAR
EVIDENCE OF ACTUAL OR THREATENED TISSUE DAMAGE . IT INVOLVES CENTRAL
SENSITIZATION, WHERE THE CENTRAL NERVOUS SYSTEM BECOMES OVERLY
SENSITIVE.

CHARACTERISTICS: OFTEN WIDESPREAD, DIFFUSE, AND NOT EXPLAINED BY
OTHER MECHANISMS. ASSOCIATED WITH FATIGUE, SLEEP DISTURBANCES, AND
HYPERSENSITIVITY.

EXAMPLES:

« FIBROMYALGIA, IRRITABLE BOWEL SYNDROME {IBS}, NON-SPECIFIC
OMPLEX REGIONAL PAIN SYNDROME (CRPS]).

Centralnervous (Rl CENTRAL PAIN
system (CNS) System (PNS)

+ ORGIN:
F THE CENTRAL NERV: TEi (CNS). THE BRAIN ANDY
® ol Causes:
i * STROKE, 3F) ;) | MULTIFLE

Nodeof Ranvir CHARACTERISTICS:

FUL STIAULI {ALLODYNLA], HEISHTENED
L ) S FATISUE, COBNTIVE ISSUES, ETIONAL Ha

WHERF PAIN PAT
ITIVE AN AMPLIFY

PERIPHERAL PAIN
+ ORIGIN:

+ LESIONS OR DISEASES OF THE PERIPHERAL NERVOUS SYSTEM (PNS), THE NERVES CONNECTING THE CNS TO THE BODY.
* Causes:

+ TRAUMA, INFECTIONS (SHINGLES), METABOLIC ISSUES (DIABETES), TOXINS, COMPRESSION (CARPAL TUNNEL).
+ CHARACTERISTICS:

* OFTEN BURNING, SHOOTING, STABBING PAIN, NUMBNESS, WEAKNESS, TYPICALLY IN HANDS/FEET.
« MECHANISM:

+ INVOLVES PERIPHERAL SENSITIZATION, MAKING PERIPHERAL NERVE ENDINGS OVERLY SENSITIVE.

NEUROPATHIC PAIN
NERVE-BASED

= CAUSE: A LESION OR DISEASE DIRECTLY AFFECTING THE
SOMATOSENSORY NERVOUS SYSTEM, D
PERIPHERAL OR CENTRAL NERVES PERSISTING FOR
3MONTHS

‘CHARACTERISTICS: BURNING, ELEC]
OR STABBING FAIN., OFTEN CHRONI:
NERVE HEALING.

EXAMPLES: DIABETIC NEUROPATHY, FOSTHERFETIC
NEURALGIA (SHINGLES), PHANTOM LIMB PAIN, CARF
TUNNEL SYNDROME.

EnioLoGy:
* DEGENERATIVE

* TRAUMATIC

* INFECT
METABOLIC
Toxic

NOCICEFTIVI OMETHING 1S DAMAGING MY TISSUES."
NEUROPATHIC: "MY NERVES ARE DAMAGED."

8/12/2026

NOGIFLASTIC: "AMY CENTRAL NERVQOUS SYSTEM I3 PROCESSING PAIN INCORRECTL

COURSE THEY CAN BE MIXED
Three Types of P:

NEUROPATHIC

lesion or

NOCIPLASTIC

Moy
w9

L

disease in the nervous
system caused by trauma,
disease, chemicals or
tumer invasien

changes in

the nociceptive pathway

without evidence of nerve
or tissue damage

Trigeminal nerve (CN V)

Ophtalmic nerve (CN V1)
@ Maxillary nerve (CN v2)
Mandibular nerve (CN v3)

Lateral view
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[ Mesoncephacmutous af o v
s ONV
Pincpa sensoey nicleusof NV

Temine (gssedan) gergia

~~ Spinal nuceus of NV pars ol

—— Spinal s of CNV pcs el

_Trigeminal
/" Nucleus Caudali

Cy Spinal N.
C, Spinal N.
Cy Spinal N.

PATH OF TRIGEMINAL NERVE

CORNEAL NERVES

C FIBERS- THIN UNMYELINATED SLOW

MYELINATED TO MAINTAIN CORNEAL
TRANSPAREN

SPOND T 5 MECHANICAL AND THERMAL
STAILL

AUTONGOMIC NERVOUS FIBERS OF SYMFATHETIC
{UPPER CERVICAL GANGLION] AND
PARASYMPATHETIC SYSTEM ({

© TARTICITATE 1M TIE 2
IE;

Somatosensory cortex

Third order neuron

Thatamus

p -

Piozo2 #e  Machano

@

First ordor neuron

igeminal
‘gangion
»

5. Intraepithelial nerve fiber

4. Subbasal nerve plexus (SBNP)

3. subepithelial nerve plexus (SENP)

2. Midstromal nerve plexus

1.stromal nerve bundle

14

3 DISTINCT CLASSES OF
PERIPHERAL SENSORY
NERVE FIBER OF THE
CORNEA

MECHANO-NOCICEPTORS (A4 FIBERS)
COLD RECEPTORS {A4 AND C FIBERS) ARE

D-LOV

POLYMODAL NOCICEPTORS {AA AND C FIRERS)

Neuromediators
1

NERVES, NERVES, NERVES

Job #1: react ta injury at the

Substance P
Neurokinin A
Calcitonon
gene-related
peptide
Acetylcholine
Cholecystokinin
Galanin
Noradrenaline

Serotonin
Neuropeptide Y
Vasointestinal
peptide
Met-enkephalin
Brain natriuretic
peptide
Vasopressin
Neurotensin

Job elease neuromediators Beta endorphin
ocular surface by registering pain that provide trophic support to i
a“f ';‘.‘a“m ﬂa“d "'995';‘“9 corneal epithelial cells and
i j e ) keraocyies'=
v ool

Second order neuron
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WHEN TO EVALUATE NERVES IN CLINIC

Signs of Dry Eye PAIN WITHOUT STAIN
% STAIN WITHOUT PAIN
LIMBAL STEM CELL DEFICIENCY

Dry Eye WHEN SOMETHING DOES MAKE SENSE
(non- Neuropathic

' OF OCULAR SHINGLES
neurosensory)

CURRENT CHEMOTHERAPY

Symptoms of Y OF SYSTEMIC ISSUES
Dry Eye S OF TBI

AND MORE

Neurotrophic "Normal”

Image sy of Jaci Theis OD, used
with permission

CORNEAL STAINING

* SODIUM FLUORESCEIN
* STAINS AREA OF MISSING
* CORNEAL STAINING
+ PATIERN
< Lo
* SEVERIY
+ WRATTEN #12 FILTER HELPS

LID AND CONJUNCTIVAL
STAINING

 LISSAMINE GREEN
+ STAINS DEAD AND DEGENERATE CELLS
« LID MARGIN FOR LID WIPER EPITHELIOPATHY
» CONJUNCTIVAL STAINING
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CORNEAL SENSITIVITY TESTING: ESTHESIOMETRY

® QUALITATIVE
H OW TO EVA I_ U AT E N E RVES : ‘AC;WCW TIP APPLICATOR Superior
. D ;
| N C Ll N | C ; 2 T\ix‘ri:;&k
* QUANTITATIVE
COCHET-BONNET

Inferior

BUT WAIT. . DON'T FORGET THE OTHER NERVES!

B

* CN1 - Olfactory nerve

+ CN7 - Facial nerve

+ CN8 - Acoustic nerve

* CN9 - Glossopharyngeal ner
* CN10- Vagus nerve

* CN11 - Accessory nerve

+ CN12 - Hypoglossal nerve

BUT WAIT. . . DO \\ > PROPARACAINE CHALLENGE
i

* CN1 - Olfactory nerve

© CENTRAL VS PERIPHERAL PAIN
® [NSTILL A DROP OF PR CAINE
* DOES THE PATIENT STILL HAVE PAI

+ CN7 - Facial nerve » ’ | * YES - THEN THE ! RTHER BACK IN THE TRIGEMINAL NERVE THAN THE EVE
+ CN8 - Acoustic nerve J

* CN9 - Glossopharyngec

« CN10-Vagus nerve ) iy | E ® ONLY WORKS ON NOCICEP N THEY OCULAR SURFACE.

» CN11 - Accessory nerve \ -

* CN12 - Hypoglossal nel B CNVII (8) Acoustic Nerve

® NO - THEN O ACE RELATED




THINK ABOUT THE RESULTS

Signs of Dry Eye
+

Dry Eye
(non- Neuropathic
neurosensory)

Symptoms of
Dry Eye

Neurotrophic "Normal”

Image sy of Jaci Theis OD, used
with permission

hhnBRank
LINUDOUN.L

superficial
parasympathetics

deep
vasculature

33

DETAILS TO CONSIDER

MRI OF HEAD vs MRI OF OReITs VS MRI OF

ORDER BOF

OK BUT NO CONTRAST

DO NOT ORDER IN PATIENTS WITH METAL
IMPLANTS OR PINS, P, MAKERS, OR IMPLANTED
CARDIAC DEFIBRILLATORS

CLAUSTROPHOBIA PATIENTS CONSIDER OPEN
MRIIF OPTION

= VAN HFIPS

OUTSIDE THE CLINIC?

HOW TO ORDER AN MRI

MRI

* Order an MRI of the head and orbits with and without
contrast within a few weeks
* Consider neck as well

* Can be scheduled with out patient clinics or at MRI
centers

* Your front desk staff can help the patient with this.

MRA vs MRV

* Artery vs veins
* Aneurysms, dissections, cerebral venous sinus
thrombosis

WHEN IS CT HELPFUL®2

*Bone abnormalities

*Calcification

*Bony involvement from soft fissue mass
*Metallic foreign bodies

*Fresh blood

+Orbital frauma
+Proptosis, sweling of eyelids (orbital celluiitis,
abscess, etc)
+Some instances MRI may stil be preferred
sInfraocular or infraorbital foreign bodies
+Graves patients (can also use MRI)

8/12/2026
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CONTRAST
WRZ10621006308

EXAM: MR MRV HEAD WWO CONTRAST EXAM: MR brain without and with gedolinium
CLINICAL 701 ‘CLINICAL INDICATIONHISTORY: H47.013: Ischamic aptic neurcpathy, bilatersl
> Additonnt Biatersi visusl id dafects, braast cancer

> Addtional: Bilotersi visual bl defects, breos! cancer

COMPARISON: Nane COMPARISON; £172014
> Rotoranca Exam: Brain MRl same day * Ratarence Exam: Nana.

i
inad of the brain. Following gadalinkum administration, axial snd

READING s s e L
e v e

NS HOINN PRR— E—————

FINDINGS: Sk base. axscrurel snd catvarm: Siabe maderat relenson £y o Eohp
RO Inferi i mazdiay s wih bdatera jana ilania. s and Pariaica

TECHNIQUE: 2.0 time of fight coronally sequired MRV was perlormed intracranially ‘TECHNIQUE: Sagital FLAIRTY, sdal T1, T2, FLAIR, T2 gradient, and dflusion
‘saquences ab

nfarction. Iow T martow gl lesion fght postenio ronts sk naas e vertaz, 10 o i1
MVisusized Sl o ol S cancemnd sl aon.

rsbailum. Sight:
incraased il conflvent and multfocalincraased T2 and FLAIR signal
ol white

MPRESSION
IMPRESSION

1M esance of scut ifarct o Gibet B ifncrsninl Bading. No evidanca of
Intracrarial ralasiate favase.

Smal right basal g
Infarcy Sigh progression of whla macer sl Changas Bkl chionic
mecrovscular scharic daease.
5
congeeming fo ovse0us metasiat lesion. Furihe evaluation nuciesr medicne
B 8can Buggestod o ovalusta 0f the ledions.

Unremarkable brain MRV, no evidence of dural venous sknus frombosis of stenoss,

BLOOD WORK: ORDER IT

WHAT HAPPENS WHEN A

SI/T3/T4 i

Sl - OOD NERVE GOES BAD. . .

) RF \
- ToTAL CBC . OR WHAT HAPPENS WHEN THE CORNEA LOOSES ITS NERVE? IS THAT BETTER®

* ANT-CCP TesT
O PANEL {SOME IN ENA PAN =
SO EANES ORI BN S COMPLEMEN 3.C4.C5
AR ANT-DSDNA
ORDER MORE SPECIFIC IF POSITIVE OR REFER QUT

EXTRACTABLE NUCLEAR AMTIGEN PANEL (ENA}

WHEN TRIGEMINAL NERVE/CNYV FUNCTION IS THINGS THAT CAN AFFECT NEUROLOGICA
IMPACTED FUNCTION

CREASE LFU FUNCTION
IMMUNE DISORDERS

* CHRONIC INFLAMMATION

- COVID * PHYSICAL DAMAGE
REASED BLINK RATE X
- GBS
ATHIC CORNEAL PAIN
HErPES

OPHIC KERATITIS
HAROSPAS + TUMORS, MASS, LESIONS
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MOST COMMON Al WITH OCULAR INVOLVEMENT

OCULAR Al DISEASES

* OCUTAR CICATRICTAL PEMPITIGOT)

* (GRAFT V5 1T0ST DISEASE

MOOREN’S CORNEAL ULCER
VOGT-KOYANAGI-HARADA

MPATTIETIC OPTHALMIA

M, sctz s

SYSTEMIC Al DISEASES

LYALTS O NV

GROWING NUMBERS AND CONCERNS

DATA INDIC

EVALENCE OF INFLAMMATORY
+ THE ESTIMATED NUMBER OF PEOPLE WITH MULTIPLE SCLER
2022
* THE PREVALENCE OF TYPE 1 DIABETES
poP
OVER THE O YEARS, THE PREVALENCE OF CELIAC
BLING IMATELY EVERY 15 YEA

40 YEARS IN THE ADULT

IN THE U.S. HAS INCREASED EIVE-FOLD,

OTHER CAUSES:
POST INFECTION
SYNDROMES

SERE2 AULOIMLUNE

HN 1.1M /¥R

AUTOIMMUNE DISEASES
. ‘@ g yia
=

' Dsrvo?:lrl\[pe] 0 f
fer s Of
Autolmmune
Disorders

WHY THE TREND IN

INCREASED NUMBERS?2

‘OVERALL BEITER UNDERSTANDING AND DIAGNOSTIC
cARABIUMES?
YES BUT NOT THE GNLY THING: RSO

GENENC FREDISPOSTION i

ENVIRONMENTALRESFONSE GENES
ENVIRONAENTALFACTARS

ViRuses

CHEMICALS

AR PauTion

GragRAPHIC

A 3RD
CATEGORY
CONTENTIO
ILLNESSES

8/12/2026

AUTOIMMUNE AND
IMMUNO-INFLAMMATORY
DISEASES {AlIDS} DEFINED

N
sores

Gut microbiome
changes!
Xenobiofic contacts.

00
1950 1960 1970 1930 1990 2000

Sleep deprivation
Stress

OVERLAPS WITH OTHER 2 SIGNIFICANTLY

DISEASES WITH INFLAMMATORY SYMPTOMS THAT MAY BE
TRIGGERED BY INFECTIONS BUT HARD TO CHARACTERIZE
AND OFTEN DISMISSED AS PSYCHOSOMATIC

FIBROMYALGIA —>4MILLION

CHRONIC FATIGUE SYNDROME/MYALGIC ENCEPHALITIS=>
0.8-2.5MILLION

INFLAMMATORY FOOD SENSITIVITIES
CHRONIC LYME DISEASES >40-80K/YR



EYE

OR “PAIN, ITCHING, ETC" NOT DRY EYE

GENERAL TERM FOR DYSFUNCTION IN SENSORY OR
MOTOR FUNCTIONS INVOLVING CNV

TYPICALLY NUMBNESS IN REGION OF INNERVATION OF
CNV

TR'GEM' NAL * SOMETIMES WITH PARAESTHESIAS, PAIN OR MASTICATORY

WEAKNESS

N E U R O PAT H Y » CAN OCCUR ANYWHERE WITHIN THE NERVE COURSE

PAIN IS USUALLY CONTINUOUS, BURNING OR SQUEEZING
AND COMES WITH ALLODYNIA AND COLD HYPERALGESIA

RULE OUT POTENTIALLY HARMFUL UNDERLYING
CONDITIONS

TRIGEMINAL NEURALGIA

DMIMON CRANIOFACIAL NEUR,
* RECURRENT UNILATERAL BRIEF ELECTRIC SHOCKLIKE PAINS
* ABRUPT IN ONSET AND TERMINATION

+ LIMITED TO DISTRIBUTION OF ONE OR MORE DIVISIONS OF
TRIGEMINAL NERVE AND TRIGGERED BY INNOCUOUS STIMULI
« UPTO 30% OF PATIENTS MAY PRESENT WITH MODERATE
CONTIN PAIN IN SAME DISTRIBUTION AS AFFECTED NERVE
DIVISION

8/12/2026

“SIGNS AND SYMPTOMS DON'T MAKE SENSE"
IF YOU DON'T UNDERSTAND THE NEUROSENSORY INNERVATION OF THE EYE

Signs of Dry Eye
+

Dry Eye
non- Neuropathic
neurosensol

Symptoms of
Dry Eye

Neurotrophic "Normal”"

Image courtesy of Jaci Theis OD, used
with permi

PATIENTS WITH TNO USUALLY COMPLAIN OF ONE
OF THE FOLLOWING SYMPTOMS:

HYPOESTHESIA—PARTIAL LOSS OF SENSATION IN THE DISTRIBUTION OF THE AFFECTED NERVE.
ANESTHESIA—COMPLETE LOSS OF SENSATION IN THE DISTRIBUTION OF AN AFFECTED NERVE.

OMFORT {SUCH AS BURNING, ITCHING, OR RARELY PAINJ,
EIVED ALONG WITH DECREASED OR LOSS OF SENSATION IN THE DISTRIBUTION OF
THE AFFECTED NE

3 MAIN TN CATEGORIES

« Classic

SSION OF TRIGEMINAL NERVE
ANGES ON MRI
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DIAGNOSTIC CRITERIA TRIGEMINAL NEUROPATHIC
PAIN IS DIFFERENT FROM

RECURRENT UNILATERAL FACIAL PAIN [N ONE OR RE DISTRIBUTIONS OF THE TRIGEMINAL

NERVE WITH NO RADIATION BEYOND AND FULFILLING CRITERIA B AND C TR | G EMl N A L N E U RA LG | A

PAIN HAS THE FOLLOWING CHARACTERISTI

Rl FROM A FRACTION OF ND TO 2 MINUTES

2. SEVERE INTENSITY

3. ELECTRIC SHOCKLIKE, SHOOTIN STABBING, OR SHARP IN QUALITY

TRIGEMINAL NEURALGIA (TN) IS A SPECIFIC, SEVERE TYPE OF NEUROPATHIC PAIN CHARACTERIZED
BY STABBING, ELECTRIC SHOCK-LIKE FACIAL SPASMS. WHILE ALL TN IS NEUROPATHIC PAIN, NOT
ALL NEUROPATHIC PAIN IS TN

PRECIPITATED BY INNOCUOUS STI /ITHIN THE AFFECTED TRIGEMINAL DISTRIBUTION

IS NOT ACCOUNTED FOR BY ANOTHER |CHD-3 DIAGNOSIS|

FURTHERMORE

TRIGEMINAL HYPOESTHESIA O
. | ANESTHESIA:
N BOTH INVOLVE THE TRIGEMINAL L NEUROTROPHIC KERATIT'S

BUT DIFFER IN LOCATION AND SEI
* TN CAUSES SEVERE, STABBING, ELECTRIC-SHOCK PAINS IN THE FACE, JAW, OR EYE AREA
* CNP CAUSES CHRONIC, BURNING, FOREIGN-BODY SENSATIONS STRICTLY IN THE EYE,

. . . .
. . . .
. . .
. . .
© © © .
. .
P - IATROGENIC
© . « Trauma to ciliary nerves by laser -
- treatment and surgery
O + Corneal incisions

« LASIK

CNS, central nervous system.
Dua HS et al. Prog Retin Eye Res. 2018;66:107-131. Semeraro F et al. Ophthalmologica. 2014;231(4):191-197.

59 60

10



NK STUDY GROUP (NKSD) CLASSIFICATIO
oee WSG eeke

Altered sensation without
keratopathy
Punctate epithelial Stage 1

keratopathy without stromal
haze

Persistent/recurrent Stage 2
epithelial defects without

stromal haze

PEK or PED WITH stromal Stage 2
haze

Persistent PED with corneal  Stage 3
ulceration

Corneal perforation Stage 3

8/12/2026

PT #1 DUDE, WHATS THIS WHITE SPOT

2 YEAR OLD WHITE MALE

PRESENTS BECAUSE HAS A WHITE SPOT ON HIS EYE OD. HABITUALLY SLEEPS IN CL AND EVERY FEW
MONTHS HE WILL HAVE SIGNIFICANT PAIN IN HIS EYE. USUALLY GOES IN DARK ROOM FOR A DAY
AND SLEEPS AND ITS BETTER. THIS OCCURRED 3 DAYS AGO AND THIS TIME IT DID NOT GET BETTER
AND NOW HAS A WHITE SPOT. ALWAYS HIs OD

OD CORNEAL EDEM4, STROMAL NEO RRING LIKELY, ALL EXTENDING INTO VISUAL
LIKELY HAS BEEN EXPERIENCING HSV FLARES AND HAS AN ACTIVE HSV DISCIFORM.

PT STARTED ON TOPICAL STEROID/ ANTIBIOTIC AND ORAL ANTIVIRAL

RTC 1 WEEK IMPROVED, KEPT ON STEROID AND ANTIVIRAL

1 MONTH FU RECEDING NEOVASC, REFERRED FOR POSSIBLE CORNEAL AVASTIN INJECTION/PTK AS
WELL AS SCLERAL CL FIT.

6 MONTH FU BCVA IMPROVED TO 20/30, GHO. SELS IN STROMA, NO REOCCURRENCE,
DEFERRED FIT IN SCLERAL AND IS NOT WANTING TO RETURN TO CL USE AT ALL.

MACKIE CLASSIFICATION

STAGE 2
ersistent epithelial
defect (PED)
Some vision loss con potentially be seen in all stoges of NK3

H untreated, moderate NK progresses to severe disease with associated risks
of profound vision loss resulting from scarring and corneal perforation’

PT # THE HAT TRICK
45YEAR OLD ASIAN FEMALE
PRESENTS FOR CORNEAL ABRASION, DIAGNOSED WITH RCE
RTC 1 week FU
UNHEALING CORNEAL DEFECT
STR
* HSV FLARE, STARTED ON ANTIVIRALS
F/U-> IMPROVES OVER 2 WEEKS BUT CORNEAL DEFECT AND HAZE STILL PERSISTENT
+ CORNEAL SENSITIVITY TESTING, 1007 DESENSI NOW HAS NK
BRANE, INE, VIT A UNG, STEROIDS
MPROVEMENT, MOVED ERVATE

EN STABLE REFERRED FOOR SCLERAL LENS FIT AND DALK/PK CONSULT WiTH CORNEA

11



ONGOING NK/PCED TREATMENT STUDIES

Tial

Kala/Combangio KPI012-C:001

Regenbx/HLB

Faled tomeet primary and secondary  Oct 2025
endpoints n fhe phase 2b frial for
PCED

C58-001 Phase 2 enrolled complefe, no  Summer 2024
readout

RGN-259 Phase 3 Complete, failed fo July 2025
meet primary endpoint

BRM424 Phase 2 complefe November 2025

ST266 Phase 2 complete 2022

AIFRCITV, AR AT RAERT A TARIA AL IKNISTIIN]

[ tistreee B BMC Ophthalmology

40037101 84/412886- 024 33

Insulin eye drops improve corneal wound
healing in STZ-induced diabetic mice

by requlating corneal inflammation

and neuropeptide release

Shudh Chen'”, Yings Y Cheng, Yuan Gao', Ludying Yoe', Meting Huang' and Xiacming Yan'*

Abstract

8/12/2026

TREATMENT

* NEUROREGENERATIV

SO . AL

T
« CEN

© SYSTEMIC

% {0 /DROP)
% {OINTMENT/DROP} TRAMADOL

HEELRE . VITAWIN B

WHEN IS CORNEAL PAIN, NOT CORNEAL PAINg

NEEDLE/STABBING BEHIND EYE TO BACK OF BRAIN
ACHE BEHIND EYE

PRESSURE ABOVE BROW

DEEP THROBBING

HOT SEARING RADIATING PAIN

BUT THE EYE IS COMPLETELY NO

unt, PRP, PRGF

12



“SIGNS AND SYMPTOMS DON'T MAKE SENSE”
IF YOU DON'T UNDERSTAND THE NEUROSENSORY INNERVATION OF THE EYE

Signs of Dry Eye
+

Dry Eye
(non- Neuropathic
neurosensol

Symptoms of
Dry Eye

Neurotrophic "Normal”

sy of Jaci Theis OD, used
jon

NCP DIAGNOSIS

* SUGGESTED THAT THERE IS USUALLY
* HISTORY OF LESION OR DISEASE OF THE CORNEAL NOCICEPTIVE PATHWAY
POSITIVE FINDINGS CORNEAL CON

RFACE PAIN AFTER TRAUMA OR
1-PAINFLL STIMULUS, S

REMEMBER PROPARACAINE TEST?

* HELPS TO DIFFERENTIATE BETWEEN PERIPHERAL AND CENTRAL NEUROPATHIC PAIN

* PEOPLE WHO EXPERIENCE TOTAL OR SOME RELIEF WITH PROPARACAINE CHALLENGE HAVE
PERIPHERAL OR MIXED COMBINED CORNEAL NEUROPATHIC PAIN

8/12/2026

NEUROPATHIC CORNEAL PAIN

OR ITCH

REMEMBER: NP = PAIN INITIATED AS A DIRECT CONSEQUENCE OF A LESION OR DISEASE
AFFECTING THE SOMATOSENSORY SYSTEM IN EITHER THE PNS OR CNS

NCP OCCURS IN THE CORNEA AS CONSEQUENCE OF DAMAGE OR DISEASE AFFECTING
THE CORNEAL NERVES, PERIPHERAL TERMINALS QOF THE TRIGEMINAL GANGLION NEURONS
AND PART OF THE SOMATOSENSORY SYSTEM

SUBJECIVE SYMPTOMS OF PAIN, HYPERALGESIA, PHOTOALLODYNIA (F‘A\NFUL SENSITIVITY TO
LIGHT), PERSISTENT UNPLEASANT SENSATION {BURNING DRYNESS FBS)

* NOT NECESSARILY VERIFIED BY OBJECTIVE CLINICAL SIGNS

WHAT CAUSES THIS2

DN, 3PINAL CORD IMIURY. MS. IRIGERINAL NEURALGIA, IBS. LoMg COVID. BURNING taDUIH

 DIABETES, FIEROMYALGIA]

KTIGNS, CHEMICAL

0 YEAR OLD MALE

EXCRUCIATING OCULAR PAIN BOTH EYES THE LAST 6 MONTHS.
PRESENTING 3RD OPINION.

OCULAR EXPOSURE TO DERMALOGICAPRO PRECLEANSE AT HAND & STONE DENVER ON
May 8, 2023. TO MY KNOWLEDGE, THE PATIENT DID NOT RECEIVE AN EYEWASH OR
IRRIGATION UNTIL MAY 11, 2023.

* SOME INITIAL STAINING SEEN AT THAT TIME NEA AND CONJ {INITIAL EXAM NON-EY

13



MY EXAM

NO STAINING
SIGNIFICANT DISCOMFORT AND SEVERE LIGHT SENSITIVITY

COGNITIVE ISSUES BROUGHT HIS BROTHER BECAUSE IN SO MUCH PAIN COULDN'T
CONCENTRATE

SIGNIFICANT DECREASE IN CORNEAL SENSITIVITY FROM NORMAL IN 2 OUT OF 3 AREAS TESTED IN
BOTH EYES.

BUT ALSO HISTORY OF CHRON PAIN AND OPIOD USE FOR CONTROL

TREATMENT

*  NEUROREGENERATIVE
+  AurOl SERUM. PRP, P
+ TOPICAL INSULINE

+ MaNace OSD
« OMECA 3 FA, LD HYCIENE
« PFAT
* MGD MANAGEMENT
« THBL. ScLERALS

© CENEGERMIN

* SYSTEMIC

*  ANTI- INFLAMMATORY +  GABAPENTIN, CARBAMAZERINE, PREGABALIN

« TACROLIMUS 0.3% {OINTMENT/DROF]

© AMNIOTIC MEMBRANE VITAMIN B

+  NOCICEPTIVE: "SOMETHING IS DAMAGING MY TISSUES."
« NEUROPATHIC: "MY NER RE DAMAGED.

+  NOCIPLASTIC: "MY CENTRAL NERVOLS SYSTEM IS PI
Three Types of Pain'®

NEUROPATHIC NOCIPLASTIC

Foons %m

o Injury
el

Mechanism: lesion or Mechanism: changes in
disease in the nervous the nociceptive pathway
system caused by trauma, without evidence of nerve
disease, chemicals or or tissue damage
tumor invasion

8/12/2026

AST FORWARD 8 MONTHS

AUTC SERUM 40%
LOTEPREDNGL QD (FRE
Dex)

* CORNEAL SENSATION BACK TO 5 QU ALL
EYELID HYGIENE QUADRANTS

NO LIGHT SENSITIVITY, CAN FUNCTION, Is ON HIs
S

Bur we
* PUNCTAL Pl

+  VERY SENSITIVE AND RONE T0) F_ARES WITH
CHANGES IN WEATHER

NEUROPATHIC PAIN: OKYO

OKYO Pharma Announces New Data Showing Favorable
Corneal Nerve Outcomes in Phase 2 Study for
Neuropathic Corneal Pain

. length.
trends not observed inthe placebo group

« These: inpatients
pain
-

CERVICOGENIC REFERRED PAIN

14



WHEN EYE IS A PAIN IN THE NECK

Post TBI
* NECK INJUI WHIPLASH COMMON
POST SURGERY
ERGONOMICS OF SITTING AND WORKING ON C
DO THEY HAVE WORSENING OF PAIN WHEN READING, ESPECIALLY ON A COMPUTER SCREEN?
EYE MOVEMENT
NECK MU TO KEEP HEAD STILL WHILE EYES MOVE FOR SACCADES
IF SOMEONE HAS A NECK INJURY TO THESE SUPPORTING MUSCLES, WHEN A PATIENT
ADES DO VISUAL TASI N TRI PAIN
* SENSORY NERVES IN THE NECK OVERLAP WITH SOME TRIGEMINAL SENSORY NERVES OF THE EYE

Ti ER POINTS

Table 1 — Major diagnostic criteria of cervicogenic
headache, as set forth by the Cervicogenic Headache
International Study Group™®
1. Evidence of cervical involvement

a. Pain precipitated by neck movement, sustained neck

position, and/or external pressure on neck structures

b. Restricted cervical range of motion

c. Ipsilateral neck, shoulder, and/or arm pain
1. Pain relief with anesthetic nerve blockade
III. Unilateral head pain, without side shift

Strict fulfillment of criterion I requires that point (a) be present,
although points (b) and (c) together provisionally fulfill criterion I.
Fulfilling criteria I and II is required for the diagnosis of cervico-
genic headache. Fulfilling criteria I, II, and IIl is preferred for sci-
entific study of cervicogenic headache.

47 YEAR OLD MALE

 “MY EYES HURT WHEN | TRY TO READ ESPECIALLY. OMPUTER. **
« BETTER IF WEARING SES WITH NT.
o MINIMAL OSD, BUT DOES HAVE DECREASEL NEAL SENSATION
* NK wiTH NEUROPATHIC PAINZ!
o TREAT OSD anD NEAL FUNCTION WITH AUTOLOGOUS SERUM 8 MONTHS
+ CORNEAL SENSATION NORMAL! EYE A WHEN PUTER 1007 BETIER. . .

+ BUT NOT WHEN ON COMPUTER OR READI

o A R e @

KING AND TRAVELING REFERRED OLT TREATED WITH OT/PT AND

8/12/2026

TENSION | CERVICA MIGRAINE TMD
pain is like |pain is at the] pain, nausea pain is at
a band top and/or and visual  the temples,
squeezing back of changes with  in front of
the head the head classic form the ear

.\‘.*I

CERVICOGENIC REFERRED OCULAR PAIN AND
CERVICOGENIC HEADACHE

REFERRAL TO ORTHOPAEDIC PHYSICAL THERAP]

Cervicogenic

SSIBLE TREATMENTS INCLUDE: Headache
PHYSICAL THERAPY > Fain Pattern

MASSAGE THERAPY
POINT TRIGGER RELEASE
Borox
ACUPUNCTURE

ERGONOMICS

OCCIPITAL NEURALGIA

* HEADACHES CAUSED BY IRRITATION TO GREATER OR
LESSER OCCIPITAL NERVE

+ WHERE IS LOCATION OF PAINZ

* BACK OF HEAD, NEC LP, FOREHEAD, BEHIND
EYES

+ TYPE OF PAIN

BURNING, HOT, ELECTRIC LIKE, INTENSE, STABBING,
BRIEF OR

2NDARY /OCULAR PAIN {
TINNITUS f 50%), NAUSEA (50

o PiLLow siGN:

ccececced

© PAIN WITH LYINC oW FINE WITH

15
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CERVICOGENIC V. Key Difforences at a Glance
Lial OCCIPITAL Festurs # Gccipital Neuraiga (0% Gervicogeric Hesdachs (CGH)

NON-SURGICAL TREATMENTS
Primary Injuryfcompression of the Refesred pain from upper cervieal
MEDICATIONS: N(-\ID {IBUPROFEN, NAPROXEN] TO Machanism occipital nerves spina (C1-C3)

NECK-RELATED PAIN CONBITIONS

SURGICAL INTERVENTIONS THAT CAN OVERLAP Pin iminy Aharp, stoesion: o Ll

stabir
INJECTIONS (NERVE Blccns "g

3 /E INVOLVEMENT AND PAI
ANESTHETIC. DIFFER IN NERVE [NVOLVEMENT AND PAIN

OUALTY. i ; i " ”
DN s ain Location Basa of hesd, radiatas over scalp  Neck. radiating to frontieys (postarior

oIS pun PAIN SIGNA ON INVOLVES IRRITATION OF THE foranterio)
BREATER/LESSER OCCIPITAL NERVES.

P AC
Batox huzcnuNs USED TO REDUCE NERVE _ S Key Trigger Touching scalp, brushing hair Nock movament, sustsined postura
INTLAMATION, PARTICULARLY WHEN OTHER TRCATAMENTS ‘ 2

e eI sty < X Assaciated Numbnass, feduced rang
PHYSICAL THERAFY: TECHNIQUES INCLUDE MANUAL e 5H o o i St
THERAPY, MA u’l)E AND POSTURAL E"EF( ISES TOQ RELUCE S 3/DISCS,

MUSCLE TEN

AT-HOME CARE: APPI YING A WARK: COMPRFSS TO THE

BASF OF THF HEAT/NFCK TO RF| AX MUSCIFS AND RFPL

PAIN.

SPEAKING OF BOTOX AND PAINZ. . . WHAT ABOU
T™MJ2 CAUSES AND MECHANISMS

T! 4) DISORDERS CAN CAUSE NEUROPATHIC PAIN TMJ Disorder
ARRY NERVES, PARTICULAR

NERVE COMPRESSION: A MSAUGNED ThAJ CAN PRESS ON NEARRY NERVES, ESPECIALLY THE TRIGEMIN AL NERVE,
SYMPTOMS OF TMJ-RELATED NEUROPATHIC PAIN
FACAL A B NOMBNES S, 5 OF . PROXIMITY: A SHORTER DISTANCE BETWEEN THE TM.J DISK AND THE MANDIBULAR NERVE CAN INCREASE
e = JH”,‘\”D e \ NEUROPATHIC PAIN RISK. POSSIBLY FROM DIRECT COMPRESSION. TRACTION, OR FRICTION DURING JAW
MOVEMENT.
HEADACHES & MIGRAINES: OFTEN TENS Q-TYPE. y
IR GINATNG N THE JAW AREA. CENTRAL SENSITIZATION: TH. 15515 o G IN THE BRAIN, MAKING IT MORE SENSITIVE TO
PAIN SIGNALS, A FEATURE OF NELROP.
EAR SYMPTOMS: R NG NG (T NN TUs), FULLNESS, OF PAIN SIGNALS, A FEATURE (F NEUROP
EARACHES
MUSCLE SPASMS: INVOLUNTARY TWITCHIN
MUSELES.
NECK & SHOULDER PAIN: REFERRED FA N P
DUE T0 MUSCLE TENSION.
T Disordor

CONJUNCTIVOCHALASIS
WAIT WHAT ELSE DOES THIS STUFF DO#! WITH OR WITHOUT
MICROBLEPHAROSPASM

BLINKING WITH MECHANICAL RUBBING

CAUSES IRRITATION AND INFLAMMATION
FINE LINES AND WRINKLES.
OCULOPLASTICS?

MIGRAINES
FUNCTIONAL BOTOXZ { OUR GOOD FRIEND)
INFERIOR INCOMPLETE LD CLOSURE {SOMETIMES)

SURGICAL RESECTION OF CONJUNCTIVA
BLEPHAROSFASM

PLASMA PENZ

16
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IT'S NOT A TUMOR. . .. UNTILITIS

WHAT'S CAUSING THIS?

RUM T2 SITUTARY GLAND

PA AND NP

PITUITARY + NEUROPATHIC PAIN IS MORE FREQUENT {15.8%)] IN PITUTARY ADENOMA PATIENTS THAN IN

THE GENERAL POPULATION
ADENOMA

e ELECTRICAL, STABBING, OR NUMBING SENSATIONS, FREQUENTLY IN THE EXTREMITIES.

THIS CAN INCLUDE THE EYE AND PERIOCULAR AREA

PAIN SYMPTO ARE OFTEN A TATED WITH LARGER, INVASIVE TU! COMPRESSION,
OR WIT! WORBID CONDITIONS LIKE DEP ON

99 100

DON'T FORGET OTHER THINGS CAN HAPPEN INTERDISCIPLINARY CONSIDERATIONS
WHEN WE AREN'T LOOKING

NUTRITIO

NEUROLO
*  LETS TALK ABOUT JAMES. .. . . o ALLE]

+ PAINCuNC
PCP
PT/OT

UVEITIS SPECIALIST
+ GVH

101 102
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TAKE AWAY:

* EVEN WHEN YOU THINKS IT NOT NEUROD, IT IS

* THE EYE IS A NEUROI L EXTENSION

* PAINIS TELLING A STORY, WE JUST HAVE TO LISTEN

) QUESTIONS2
+ WE CAN OFFER A LOT MORE HELP THAN WE REALIZE, % N Sate st DR.CECELIAKOETTING@

KP

103 104
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