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IT'S ALL IN THEIR HEAD: 
DIAGNOSING 

NEUROLOGICAL RELATED 
EYE CONDITIONS

CECELIA KOETTING OD MPH FAAO DIPABO
ASSISTANT PROFESSOR

DEPARTMENT OF OPHTHALMOLOGY

UNIVERSITY OF COLORADO ANSCHUTZ

"All relevant relationships have been mitigated."

• Orasis-C, S, R

• Trukera (B+L) -C

• PRN/EyePromise-C

• Tarsus-C,S,R

• Topcon-C

• Tenpoint-C

• Viatris-C,R

• Allergan/Abbvie –C, R

• Alcon-C, S, R

• Harrow-C, S

• Blinkjoy-C

• Vicci- C

• Glaukos-C

• B +L- C, S, R

• Azura-C

• Dompe-C,S,R

• Myze- C

• MOVU- C

• Vital Tears- C

 SCOPE-C

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

•
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(non-
neurosensory)
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Neurotrophic "Normal"

Signs of Dry Eye

Symptoms of 
Dry Eye
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Image courtesy of Jaci Theis OD, used 
with permission
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• CENTRAL SENSITIZATION
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KC1 finish fix
Koetting, Cecelia, 2026-02-06T01:40:57.245
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Clinical Tie-InStimulusChannelReceptor Type

Dry eye pain, 
neuropathic pain

Heat, chemicals, 
inflammation

TRPV1, 
TRPA1

Polymodal 
nociceptor

Reflex tearing
Cooling, 
evaporation

TRPM8Cold thermoreceptor

FB sensationTouch, injuryPiezo2Mechanonociceptor

Neuromediators
1

▪ Serotonin

▪ Neuropeptide Y

▪ Vasointestinal
peptide 

▪ Met-enkephalin

▪ Brain natriuretic 
peptide

▪ Vasopressin

▪ Neurotensin

▪ Beta endorphin

▪ Substance P

▪ Neurokinin A

▪ Calcitonon
gene-related 
peptide 

▪ Acetylcholine

▪ Cholecystokinin

▪ Galanin

▪ Noradrenaline
Job #1: react to injury at the 

ocular surface by registering pain 
and irritation and triggering 

protective reflexes, such as 
tear production and blinking1

Job #2: release neuromediators 
that provide trophic support to 

corneal epithelial cells and 
keratocytes1,2

1. Mastropasqua L, et al. J Cell Pathol. 2017;232:717–24; 2. Müller LJ, et al. Exp Eye Res. 2003;76:521–42.

Images by kind permission of Prof. Dua

Corneal nerve
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KC1 finish fix
Koetting, Cecelia, 2026-02-06T01:40:47.400
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WHEN TO EVALUATE NERVES IN CLINIC
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Signs of Dry Eye

Symptoms of 
Dry Eye
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Image courtesy of Jaci Theis OD, used 
with permission
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• CN1 – Olfactory nerve
• CN2 – Optic nerve
• CN3 – Oculomotor nerve 
• CN4 – Trochlear
• CN5 – Trigeminal
• CN6 – Abducens
• CN7 – Facial nerve
• CN8 – Acoustic nerve
• CN9 – Glossopharyngeal nerve
• CN10 – Vagus nerve
• CN11 – Accessory nerve
• CN12 – Hypoglossal nerve

CNV Trigeminal nerve Sensory 
Division

CNV Trigeminal Neve Motor Division

• CN1 – Olfactory nerve
• CN2 – Optic nerve
• CN3 – Oculomotor nerve 
• CN4 – Trochlear
• CN5 – Trigeminal
• CN6 – Abducens
• CN7 – Facial nerve
• CN8 – Acoustic nerve
• CN9 – Glossopharyngeal nerve
• CN10 – Vagus nerve
• CN11 – Accessory nerve
• CN12 – Hypoglossal nerve CNVII Facial Nerve Frontalis Muscle

CNVII Facial Nerve Orbicularis Oculi

CNVII Facial Nerve Orbicularis Oris

CNVII Facial Nerve Buccinator Muscles

CNVII (8) Acoustic Nerve

•
•

•
•
•

•
•
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Dry Eye 

(non-
neurosensory)

Neuropathic 

Neurotrophic "Normal"

Signs of Dry Eye

Symptoms of 
Dry Eye
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Image courtesy of Jaci Theis OD, used 
with permission

• 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. 

MRI

• Artery vs veins
• Aneurysms, dissections, cerebral venous sinus 

thrombosis

MRA vs MRV

▪

▪

▪

▪

▪

▪

▪

T1 MRI w/ contrastOptic nerve 
sheath 
enhancement

•Bone abnormalities
•Calcification
•Bony involvement from soft tissue mass
•Metallic foreign bodies
•Fresh blood

Good to view

•Orbital trauma
•Proptosis, swelling of eyelids (orbital cellulitis, 

abscess, etc)
•Some instances MRI may still be preferred

•Intraocular or intraorbital foreign bodies
•Graves  patients (can also use MRI)

Indicated when:

Avoid if possible in pregnant patients
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READING 
REPORTS

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

KC1

•

•

•

•

•

•

•

•

•

•

KC1

37 38

39 40

41 42



Slide 41

KC1 review
Koetting, Cecelia, 2026-02-06T01:40:12.114
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KC1 review
Koetting, Cecelia, 2026-02-06T01:40:24.202



8/12/2026

8

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

• DATA INDICATES THAT AUTOIMMUNE DISEASES AFFECT APPROXIMATELY 50 MILLION AMERICANS. 

• HOWEVER, GIVEN THE COMPLEXITY OF DIAGNOSING THESE CONDITIONS, THIS NUMBER IS LIKELY
AN UNDERESTIMATE.

• NO NATIONAL REPORTING SYSTEM TO TRACK AI INCIDENCE AND PREVALENCE DATA

• AUTOIMMUNITY IS REACHING EPIDEMIC LEVELS, WITH SOME STUDIES ESTIMATING AN INCREASE OF 3-12% 
ANNUALLY.

• BETWEEN 2006 TO 2021, THE PREVALENCE OF INFLAMMATORY BOWEL DISEASE (IBD) INCREASED 46%

• THE ESTIMATED NUMBER OF PEOPLE WITH MULTIPLE SCLEROSIS WORLDWIDE INCREASED 30% FROM 2013-
2022

• THE PREVALENCE OF TYPE 1 DIABETES HAS NEARLY DOUBLED IN THE PAST 40 YEARS IN THE ADULT
POPULATION.ௗ

• OVER THE PAST 30 YEARS, THE PREVALENCE OF CELIAC DISEASE IN THE U.S. HAS INCREASED FIVE-FOLD, 
DOUBLING APPROXIMATELY EVERY 15 YEARS

•

•

•

•

•

•

•

•

•

• Lifestyle

• Gut microbiome 

changes!

• Xenobiotic contacts

• Obesity

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

•

Dry Eye 

(non-
neurosensory)

Neuropathic 

Neurotrophic "Normal"

Signs of Dry Eye

Symptoms of 
Dry Eye

+

+

-

-

Image courtesy of Jaci Theis OD, used 
with permission

• GENERAL TERM FOR DYSFUNCTION IN SENSORY OR
MOTOR FUNCTIONS INVOLVING CNV

• TYPICALLY NUMBNESS IN REGION OF INNERVATION OF
CNV

• SOMETIMES WITH PARAESTHESIAS, PAIN OR MASTICATORY

WEAKNESS

• 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
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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

• TRIGEMINAL NEURALGIA CORNEAL NEUROPATHIC PAIN

•

•

Corneal Nerve Damage is Central to NK

Mastropasqua L, Massaro-Giordano G, Nubile M, Sacchetti M. Understanding the pathogenesis of neurotrophic keratitis: the role of corneal nerves. J Cell Physiol. 2017;232(4):717-724. 

IMPAIRED CORNEAL TRIGEMINAL INNERVATION

Impairment of 
trigeminal reflexes

Corneal epithelial 
alterations

Reduced tear film 
production & blink rate

Spontaneous corneal epithelial breakdown

Impairment of 
corneal healing

Impairment of trophic 
supply

NEUROTROPHIC KERATITIS

Image courtesy of John Affeldt, MD

 Post-herpes infection
6% of herpetic keratitis
13% of herpes zoster keratitis
 Other infections with 

nerve damage
 Chemical and physical burns
 Abuse of topical anesthetics
 Drug toxicity
 Chronic ocular surface injury
 Contact lens wear
 Orbital neoplasia
 Corneal dystrophies

OCULAR

 Diabetes
 Multiple sclerosis
 Vitamin A 

deficiency
 Leprosy
 Amyloidosis

SYSTEMIC

 Riley-Day syndrome
 Goldenhar-Gorlin 

syndrome
 Moebius syndrome
 Familial corneal 

hypoesthesia

GENETIC

 Neoplasm
 Aneurysms
 Stroke
 TBI/TBSI
 Degenerative 

disorders of the 
CNS
 Neurosurgical 

procedures
 Congenital/ 

developmental 
malformations (eg, 
trigeminal nerve 
hypoplasia)

CNS

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.

IATROGENIC

• Trauma to ciliary nerves by laser 
treatment and surgery

• Corneal incisions
• LASIK

ETIOLOGIES ASSOCIATED WITH NK

55 56
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Punctate epithelial 
keratopathy (PEK)

STAGE 
1

Mild Persistent epithelial 
defect (PED)

STAGE 2
Moderate

Corneal 
ulcer

STAGE 
3

Severe

• Some vision loss can potentially be seen in all stages of NK3

• If untreated, moderate NK progresses to severe disease with associated risks of 
profound vision loss resulting from scarring and corneal perforation3

1. Dua HS, Said DG, Messmer EM, et al. Neurotrophic keratopathy. Prog Retin Eye Res. 2018;66:107-131. 2. Semararo F, et al. Neurotrophic Keratitis. Ophthalmologica. 2014;231:191-197.  3. Sacchetti M, Lambiase A. Diagnosis and management of 
neurotrophic keratitis. Clin Ophthalmol. 2014;8:571-579. 4. Roussel T, Grutzmacher R, Coster D. Patterns of superficial keratopathy. Aust J Ophthalmol. 1984;12(4):301-316. 5. Ruiz-Lozano RE, Hernandez-Camarena JC, Loya-Garcia D, Merayo-
Lloves J, Rodriguez-Garcia A. The molecular basis of neurotrophic keratopathy: Diagnostic and therapeutic implications. A review. Ocul Surf. 2021 Jan;19:224-240.

MackieNKSGStage

Altered sensation without 
keratopathy

Stage 1 

Stage 1Punctate epithelial 
keratopathy without stromal 
haze

Stage 2

Stage 2Persistent/recurrent 
epithelial defects without 
stromal haze

Stage 3

Stage ½PEK or PED WITH stromal 
haze

Stage 4

Stage 3Persistent PED with corneal 
ulceration

Stage 5

Stage 3Corneal perforationStage 6
Neurotrophic Keratopathy Study Group. Ocul Surf. 2023;30:129-138.
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NK FROM RCE

StageTrial Company

Oct 2025Failed to meet primary and secondary 
endpoints in the phase 2b trial for 
PCED

KPI-012-C-001Kala/Combangio

Summer 2024Phase 2 enrolled complete, no 
readout

CSB-001Claris Bio

July 2025Phase 3 Complete, failed to 
meet primary endpoint

RGN-259RegenEx/HLB

November 2025Phase 2 completeBRM424BRIM

2022Phase 2 completeST266Noveome
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“SIGNS AND SYMPTOMS DON’T MAKE SENSE”
IF YOU DON’T UNDERSTAND THE NEUROSENSORY INNERVATION OF THE EYE

•

Dry Eye 

(non-
neurosensory)

Neuropathic 

Neurotrophic "Normal"

Signs of Dry Eye

Symptoms of 
Dry Eye
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Image courtesy of Jaci Theis OD, used 
with permission
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• NEUROPATHIC PAIN
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•
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•

• ERGONOMICS

•

•

• NECK MUSCLES ENGAGE TO KEEP HEAD STILL WHILE EYES MOVE FOR SACCADES

• IF SOMEONE HAS A NECK INJURY TO THESE SUPPORTING MUSCLES, WHEN A PATIENT USES A LOT OF
SACCADES DOING VISUAL TASKS CAN TRIGGER PAIN

• SENSORY NERVES IN THE NECK OVERLAP WITH SOME TRIGEMINAL SENSORY NERVES OF THE EYE

• TRIGGER POINTS

• REFERRAL TO ORTHOPAEDIC PHYSICAL THERAPIST

• HEADACHE CLINIC

• POSSIBLE TREATMENTS INCLUDE:
• PHYSICAL THERAPY

• MASSAGE THERAPY

• POINT TRIGGER RELEASE

• BOTOX

• ACUPUNCTURE

• ERGONOMICS

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

Picture courtesy of Jaci Theis
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• OCCIPITAL NERVE STIMULATION: A DEVICE, SIMILAR TO A
PACEMAKER, IS IMPLANTED UNDER THE SKIN TO SEND LOW-
VOLTAGE ELECTRICITY TO THE OCCIPITAL NERVES TO
DISRUPT PAIN SIGNALS.

• SPINAL CORD STIMULATION: ELE
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PITUITARY 
ADENOMA

•
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•

•

•

•

•

•

 Classified by size, hormonal activity, and 
histologic staining

 Macroademoma >10mm

 Microadenoma <10mm

 Functional (secreting) tumors

 Nonfunctional (nonsecreting) tumors
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