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Introduction 

The cornea, conjunctiva and the limbus comprise tissues at the 
ocular surface. The primary function of the ocular surface is to 
provide clear vision when the eye is open as the anterior surface 
of the cornea contributes two thirds of the total refractive power 
of the eye. 

The initial phase of the ocular surface exam should begin with 
examination of 

1. Puncta- position, inflammation (pouting punctum- vo lcano 
sign), patency 

2. Lid position - blink, which includes infrequent blink, 
incomplete blink and floppy eye lids. 

3. Lid margin- lashes, blepharitis, meibomian gland orifices, sq 
metaplasia, telangiectasias 

4. Tear spread 

5. Tear meniscus, fornix depth 

6. Conjunctivocbalasis, redness, symblepharon 

7. Bells' phenomenon 

It takes less than a minute to do this portion of the exam. 

8. Then go to cornea: Because the cornea suffers because of 
abnorma li ties of the adnexa. (Primari ly it is not corneal 
pathology. When the eye is open, the ocular surface health 
is dictated by a stable pre-ocular tear film. 

Example: Remember the last case of S.J. Syndrome you have 
seen. During the first few weeks or months, these patients' corneas 
are clear without any scars. When the surrounding structures 
slowly fail , ultimately the cornea fails. ot uncommonly we give 
too many therapeutic agents without thinking of the primary 
structural abnormalities, which can cause medicamentosa. 

Early recognition of tear film deficiency, placing puncta! plugs, 
bandage contact lens, or even puncta! cautery may save the 
cornea. This prevents microtrauma due to lid anomalies and tear 
film deficiency. The new breed of contact lens (scleral lenses) are 
recent advancements and should be used before it is too late. In 
some instances you need to tell the patient that be/she needs to 
blink frequently and also watch for nocturnal exposure . 
(Parkinson's, old alkaline bums or just old age) . Next time, while 
the patient is waiting in the room, watch his or her blink pattern. 

Stable pre ocular tear film is essential for normal vision. It is 
maintained by 2 factors (compositional and hydrodynamic) 

1. Compositional (mucin, aqueous, meibum) 

2. Hydrodynamic: A stable tear film cannot be formed without 
kinetic movement of the eyelid that helps the spread of tear 
components into a thin layer over the entire ocular surface. 
Blink also facilitates the expression of meibum lipids from the 
lid margin ; the blink also clears "old tears" into the 
nasolacrimal drainage system (tear clearance). 
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Both compositional and hydrodynamic factors are controlled by 
a neuroanatomical integration via two neural reflexes; both are 
triggered by corneal sensitivity mediated by the ophthalmic 
division of the trigeminal nerve (V.).The efferent limb of the reflex 
that co ntrols the compositional factors is through the 
parasympathetic branch ofthe facia l nerve (Vll), while the reflex 
that contro ls the hydrodynamic factor, is mediated by the motor 
branch of the facial nerve(Vll). 

Through such neuroanatomical integration, activation of the 
compositional reflex induces secretion of all tear components, 
wh ile activation of the hydrodynamic reflex induces eyelid 
blinking and closure. These two reflexes operate subconsciously 
and autonomously without eliciting conscious acknowledgement 
during most dai ly activities. 

As a result, the entire ocular surface and all external adnexa function 
as a single unit for a common purpose. 

This concept refutes an age old belief that all tearing is subdivided 
into basic and reflex tearing, of which the former was thought to 
be produced by accessory lacrimal glands and the latter by the 
ma in lacrimal gland. Based on the concept described, both basic 
and reflex forms of tearing are mediated by the same neuronal 
reflex and that the difference between the two is that the former is 
driven by a minimal stimulation, while the latter is driven by maximal 
stimulation. 

1. Increased eyelid blinking compensates unstable tear ftlm 

Under the normal open-eye situation, the tear film needs to be 
stable only during the time period between blinks. For an individual 
with normal compositional factor, the demand for a stable tear film 
increases when the blink rate slows, the exposure zone enlarges 
or a combination of both. On the other hand, when tear film 
stability is threatened by compositional deficiency; it can be 
compensated for by closing the eyelids . In other words, 
compositional deficiency can be compensated by hydrodynamic 
factors. 

The control of lid blinking, exerted by the motor branch of the 
facial nerve, is a complex task mediated by local neuronal reflexes 
driven by corneal and supraorbital touch (pain), and light stimuli , 
and modified by supranuclear pathways. Deficiency in this 
neuronal control will diminish the compensatory mechanism of 
blinking. For example, the blink rate slows when one is engaged 
in concentrated visual tasks, e.g. reading, knitting, watching TV/ 
movies, or driving. As a result, symptoms of dry eye patients 
manifest particularly on these occasions, and may even develop 
in normal individuals working on video display terminals when 
the up gaze dominates.One can , thu s, conclude that the 
compositional factor works in concert with the hydrodynamic 
factor and that deficiency of one increases the demand for the 
other. Failure to meet such a demand by the other can lead to an 
unstable tear film . For this reason, the clinical work-up should 
always be directed to exploring the status of all elements in these 
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two factors, so as to gain a full grasp of each patient's ocular 
surface defense. Failure to do so will provide incomplete 
information for understanding the pathogenesis of the patient's 
ocular surface problems. 

2. Neurotrophic keratopathy is the worst form of dry eye 

The ocular sensitivity mediated by V 1 is the single most important 
driving force controlling the integrity of both compositional and 
hydrodynamic factors of the entire ocular surface defense. As 
corneal sensitivity decreases with age, there is a high prevalence 
of dry eye among the elderly. Deficiency in ocular sensitivity is 
also the hallmark of the neurotrophic state. Because aqueous tear 
deficiency can take place as a result of the compositional factor 
and increased exposure can develop as a result of inadequate 
blinking, the worst form of dry eye (defmed as an unstable tear 
film) is found in patients with neurotrophic keratopathy. The 
decreased corneal sensitivity noted in a number of disordersis 
frequently associated with dryness-induced keratopathy. In a 
prolonged state of dry eye, epithelial defects with ulceration can 
develop and progress, resulting in severe complications. Such a 
pathologic effect mediated via disturbances of the ocular surface 
defenses is in fact a secondary neurotrophic effect is clinically 
indistinguishable from that of keratitis sicca due to aqueous tear 
deficiency. Denervation of the cornea can cause a "primary" 
neurotrophic effect to the corneal epithelium by depriving essential 
neurotrophic factors (or neurotrophins). 

3. Exposure keratopathy is a commonly neglected entity 

Exposure keratopathy results from desiccation of the ocular surface 
due to failure of hydrodynamic factors. This may result from 
incomplete or infrequent blinking, incomplete eyelid closure and/ 
or reduced Bell's phenomenon. Although incomplete eyelid closure 
is widely recognized as a cause for exposure keratopathy, other 
causes of this condition are commonly overlooked. Incomplete 
closure may cause keratopathy even in the presence of normal 
compositional factor, and the corneal involvement may be 
aggravated if protective Bell's phenomenon is diminished, leading 
to nocturnal exposure. However, in the presence of compromised 
compositional factor, exposure keratopathy may be more likely to 
occur in eyes with reduced blink rate and/or where an incomplete 
blink might not be as apparent. 

4. Tear clearance represents final integration of both reflex arcs 

The final neuroanatomic integration of these two reflex arcs is 
also manifested in tear clearance (turnover). The "hydrodynamic" 
reflex arc that gives rise to lid blinking also generates a pump 
function to remove the tear fluid from the tear meniscus into the 
nasolacrimal drainage system.The "compositional" reflex arc 
controls the production of aqueous tear fluid , of which the volume 
dictates the tear clearance. The latter also explains why decreased 
tear secretion in keratoconjuctivitis sicca is frequently associated 
with a decreased clearance rate as measured by fluorophotometry. 
By using fluorescein as a tracer, the tear clearance rate can also be 
measured by a modified method using serial Schirmer paper strips. 
Such measurements are consistent with those measured by 
fluorophotometry, and are useful to help diagnose more accurately 
the dry eye state. This test also helps to distinguish aqueous tear 
deficiency dry eye associated with Sjogren's syndrome from non
Sjogren's syndrome aqueous tear deficiency based on the 
presence or absence of reflex tearing triggered by nasal 
stimulations. 

Adequate tear clearance is important to allow constant refreshing 
of the tear components and effective elimination of debris and 
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irritants that can potentially harm and irritate the ocular surface. 
Dysfunction in tear clearance, in the context of delayed tear 
clearance, has been found commonly, often overlooked, and may 
be pathogenic in several ocular surface disorders. Besides 
decreased tear secretion, delayed tear clearance can be induced 
by ineffective or decreased blinking (functional block), and 
mucosal inflammation and edema in the nasolacrimal drainage 
system (partial anatomic block). The former is contributed to by 
such risk factors as old age, female gender, decreased corneal 
sensitivity, and lid laxity, including floppy lids . In the context of 
ocular surface defense, an unstable tear film leading to dry eye 
and delayed tear clearance leading to accumulation of inflammatory 
debris are the two major pathogenic process identified. 

5. Clinical manifestation 

The sensory supply of the previously mentioned reflexes is an 
input summation from areas innervated in both eyes by the Vl 
division which includes cornea, lid margin/lashes, conjunctiva and 
anterior nasal mucosa. Therefore, in conditions reducing the 
sensation of these structures, an unstable tear film may ensue. For 
example, reduced corneal sensation (due to chronic contact lens 
wear, HSV keratitis, or LASIK), reduced lid and lash sensation (due 
to chronic blepharitis with lash loss), reduced conjunctival sensation 
(due to atopy, allergy, floppy lid, or conjunctivochalasis), and 
reduced nasal mucosa sensation (due to nasal allergy) can only 
increase the severity of reduced ocular sensitivity, leading to a 
neurotrophic state. Dry eye after LASIK is due to cutting of the 
corneal nerves and is accentuated if any of these conditions are 
present. Therefore, it is important to consider all these conditions 
as risk factors for developing dry eye in patients undergoing LASIK. 

In addition to the above factors, neurotrophic keratopathy may 
be caused by involvement of sensory nerves anywhere from 
terminal nerve endings in the cornea along its course to the 
trigeminal nerve ganglion. The common causes for reduced corneal 
sensation are increasing age, and herpes simplex and herpes zoster 
virus infections, multiple ocular surgeries, chemical bums, systemic 
disease such as diabetes mellitus, and topical medications (Table 1). 

Clinically, neurotrophic keratopathy should be suspected in any 
patient presenting with ocular surface symptomatic complaints 
disproportionately less than the clinical signs or in those patients 
presenting with a decreased blink rate. In patients with 
neurotrophic keratopathy, two types of ocular changes may be 
seen . First, there are some primary effects in the cornea that may 
be followed by secondary effects in the ocular surface. The primary 
effect is intrinsic epithelial degeneration due to deprivation of 
neurotrophic factors (neurotrophins) . The secondary effect is an 
unstable tear film (dry eye) due to interruption of the two neural 
reflexes mediated by V

1
• It is important to distinguish these two 

neurotrophic effects. This can be demonstrated by differential 
dye staining with fluorescein and rose Bengal. Although 
fluorescein detects the epithelial defect caused by both, rose 
Bengal staining pattern is also helpful to differentiate the 
secondary effect from the primary effect. In eyes with primary 
neurotrophic effect, rose Bengal staining is confined to the 
epithelial defect; but in eyes with secondary neurotrophic effect 
it extends beyond that into the exposure zone of the conjunctiva, 
similar to that of Sjogren syndrome. Following the dye staining, 
one can then use fluorescein clearance test (FCT) to verify the 
presence of the secondary effect by showing reduced tear 
secretion. Once detected, eyes with a secondary neurotrophic 
effect need puncta! occlusion as the first step in the management 
of neurotrophic keratopathy. 
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6. Exposure keratopathy 

Incomplete eyelid closure can be caused by neurogenic diseases 
such as seventh nerve palsy, cicatricial or restrictive eyelid 
diseases such as ectropion, previous blepharoplasty, and skin 
disorders such as Stevens-Johnson syndrome or xeroderma 
pigmentosum. Proptosis caused by thyroid orbitopathy or other 
inflammatory or infiltrative orbital diseases can also result in 
exposure keratopathy. Although reduced blink rate or incomplete 
blinking may be seen in old age or disease conditions such as 
Parkinson's disease, a common denominator is reduced corneal 
sensation. 

Exposure keratopathy is characterized by a punctate staining of 

Table 1. Etiologic Causes ofNeurotrophic Keratopathy 

Infectious Herpes Simplex Virus*, Herpes Zoster 
virus* ,Mycobacterium leprae 

Toxic Acid*, Alkali*, Carbon disu lfide, 
Hydrogen sulfide 

Neurogenic Inflammatory: Cavernous Sinus 
Syndrome, orbital apex syndrome, 
Gradenigo syndrome 

Neoplasia: Acoustic neuroma 

Vascular: Aneurysm 

Surgical ablation oftrigeminal nucleus 
or ganglion 

Congenital: Familia l dysautonomia 
(Riley-Day syndrome), Goldenhar-Gorlin 
syndrome, Mobius syndrome, familial 
hypoplasia 

Trauma: facial or intracranial trauma to 
trigeminal nerve 

Topical medications Beta-blockers*, anesthetics, diclofenac 
sodium 

Corneal dystrophies Lattice, Macular 

Metabolic disease Diabetes mellitus*, vitamin A deficiency 

Iatrogenic Corneal surgery*: PK,LK,RK,LASIK 

Contact lens use* 

Ciliary nerve damage*: Retinal 
photoablation, retinal surgery, choroidal 
inflammation 

Miscellaneous Aging*, Adie's syndrome, Oral 
decongestants 

Large Corneal abrasion with 
central facet. 

Corneal dystrophy 
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the corneal epithelium that usually involves the most exposed 
area, e.g., inferior third ofthe cornea, although the entire corneal 
surface can be involved in more severe cases. Indeed, incomplete 
blinks leading to inferior corneal fluorescein staining patterns has 
been reported in 67% of all forms of exposure keratopathy.Large, 
coalescent epithelial defects may result, leading to ulceration, 
melting, and perforation. Symptoms are similar to those associated 
with dry eye, including foreign body sensation, photophobia, 
and tearing, unless there is an associated neurotrophic component 
resulting in corneal anesthesia. Most persistent corneal epithelial 
defects can be explained by the above mentioned neurotrophic 
keratopatby that is complicated by factors that aggravate exposure 
or by factors that may damage the epithelium such as medication 
toxicity. 

Table 2. Corneal diseases manifesting Limbal Stem Cell 
Deficiency (LSCD) 

Hereditary 

Aniridia 

Acquired 

Adapted from 

Keratitis associated with multiple endocrine 
deficiency 

Epiderma l dysplasia (ectrodactyly
ectodermal dysplasia-clefting syndrome) 

Chemical or thermal burans including 
mustard gas 

Stevens-Johnson syndrome, toxic epidermal 
necro lysis 

Multiple surgeries or cryotherapy to limbus 

Contact lens-induced keratopathy 

Severe microbial infection ext4ending to 
limbus 

Antimetabolite uses (5-FU or mitomycin C) 

Radiation 

Chronic limbitis (vernal, atopy, phlyctenular) 

Peripheral ulcerative keratitis (Mooren's ulcer) 

Chronic bullous keratopathy 

Idiopathic 

Kheirkbah A, Raju VK, Tseng SCG. Ocular Surface Disorders 
(chapter). Majumder P, Luchs J, Trattler W, ed. Cornea Essentials. 
SLACK Inc. Thorofare, NJ. 2007 

Inferior corneal tear Post corea/ onlay membrane 
graft 
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