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Neurotrophic keratitis (NK) is a rare, degenerative corneal disease
characterized by decreased or absent corneal sensation, which can
lead to epithelial breakdown, impairment of healing, and ultimately
to the development of corneal ulceration, melting, and perforation.
Trigeminal nerve damage causes this loss of corneal sensitivity. The
well-known faculty summarizes the best approaches to diagnosing NK
and the latest information on classifying the condition, plus advance-
ments in treatment.
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« Summarize the etiologies of neurotrophic keratitis (NK) and
how to differentiate it from similar diseases
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« Recognize the newly proposed stages of NK

« Describe the stepwise approach to therapy and determine
when to refer patients

« Review clinical data on new and emerging treatments for NK
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PRETEST QUESTIONS

Please complete prior to accessing the material and submit with Posttest/Activity Evaluation/Satisfaction Measures for credit.

1. Please rate your confidence in your ability to

describe the stepwise approach to neurotrophic

keratitis (NK) therapy and determine when to refer

patients (based on a scale of 1to 5, with 1 being not

at all confident and 5 being extremely confident).
a1

b.2
c3
d. 4
e5
2. Endogenous nerve growth factor helps preserve

and restore the ocular surface by which of the

following mechanisms?

a. Strengthening tight junctions between
epithelial cells to enhance corneal
epithelial barrier functions

b. Providing nutrition to conjunctival goblet
cells and eyelid tear glands in order to
increase tear production and improve
tear quality

c. Stimulating limbal stem cells to generate
new epithelial cells.

d. Increasing tear production at the
lacrimal gland, stimulating nerve
regeneration, and supporting epithelial
cell proliferation and differentiation

3. A 54-year-old patient presents to your office
for routine evaluation. He is a contact lens
wearer with a history of visually significant
cataracts, severe primary open-angle glaucoma
on maximal medical drop therapy, and dry eye
disease (DED). On exam, you note loss of corneal
sensation bilaterally and diagnose him with NK.
All of the following conditions may have led to his

condition, EXCEPT:
a. DED
b. Contact lens-related disorders
c. Cataracts
d. Topical drug toxicity

4. All of the following statements about NK are

true, EXCEPT:
a. NK is a degenerative corneal disease
b. NK results from damage to cranial
nerve VI
c. NK results in loss of corneal sensation
d. NK causes impaired corneal healing
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5. Corneal innervation is essential for good
epithelial health. How do corneal nerves maintain a

healthy corneal surface?

a. Provide stromal, epithelial, and
Bowman'’s structural support

b. Maintain sensory functions that are
essential to tear film maintenance

c. Facilitate protective functions of
blinking and tear production as well as
trophic support

d. Provide key nutrients to the epithelium
while also serving as a physical barrier to
microbes

6. A 69-year-old man presents to your office for
routine eye examination. He has a history of LASIK
0U. On slit lamp examination, you note an inferior,
oval-shaped corneal epithelial defect with smooth
and rolled edges. However, the patient does not
report any pain. What is the next best diagnostic
step to aid in this patient’s diagnosis?

a. Dilated fundus examination

b. Corneal sensitivity testing

c. Corneal pachymetry
d. Corneal hysteresis measurement

7. A 56-year-old patient presents to your office
with evidence of NK. On exam, you note a
persistent oval-shaped epithelial defect with
smooth, rolled edges and stromal haze. According
to the Mackie Severity Classification, what stage of
NK does this patient have?

a. Stage 1

b. Stage 2

c. Stage 3
d. Stage 4

8. All of the following are examples of QUALITATIVE

corneal sensitivity testing, EXCEPT:
a. Cotton swab testing
b. Cotton wisp testing
c. Cochet-Bonnet esthesiometer
d. Dental floss testing

9. What is a benefit of the proposed new 7-step

clinical staging system for NK?

a. To allow for earlier diagnosis of NK

b. To differentiate between NK and
infectious keratitis

c. To determine which patients with NK
need surgical therapy

d. To determine systemic risk factors
for NK

10. A 79-year-old patient presents to your office
for routine evaluation. Slit lamp examination
reveals a normal anterior segment examination.
Corneal sensation testing reveals absent corneal
sensation. According to the staging system
proposed by the NK Study Group, what stage of NK

does this patient have?
a. Stage 0
b. Stage 1
c. Stage 2
d. Stage 3

11. A 46-year-old contact lens wearer presents to
your office for routine examination. On exam, you
note diffuse punctate epitheliopathy with no other
significant findings on slit lamp exam and dilated
fundus exam. What test might determine whether

this patient has NK or DED?
a. Tear film breakup time
b. Meibography
c. Corneal sensitivity testing
d. Schirmer testing

12. The Mackie Neurotrophic Keratitis Classification
System breaks NK into three stages. Recently, the
Neurotrophic Keratitis Study Group has developed
a new 7-step staging system. The purpose for this

new system is:

a. To replace an outdated system

b. To allow for more accurate monitoring
of progression of the disease as well as
delineate which patients may respond
well to particular therapies and evaluate
response to treatment

c. To better educate patients about their
disease and help them understand the
prognosis and possible consequences of
the condition

d. To determine which patients need
amniotic membrane grafting

13. You are evaluating a patient in your office with
stage 2 NK. All of the following treatments are

reasonable therapies for this patient, EXCEPT:
a. Amniotic membrane
b. Scleral lens
c. thNGF
d. Keratoplasty

14. NK is a rare disease with fewer than

affected in the United States.
a. 25,000
b. 65,000
¢. 105,000
d. 250,000
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A STEP FORWARD: THE LATEST
DEVELOPMENTS IN NEUROTROPHIC KERATITIS

eurotrophic keratitis (NK) is a degenerative corneal disease

caused by damage to the trigeminal nerve.” Patients have

decreased or no corneal sensation, which results in corneal
epithelium breakdown, poor corneal healing, and the eventual
development of corneal ulceration, melting, and perforation if
left untreated.” Due to the desensitization of the corneal nerves,
patients don’t experience pain and are likely unware of their
disease beyond minor complaints of vision fluctuation. It is
therefore critical that eye care clinicians are proactive in screen-
ing for, recognizing, and managing NK. Until 2017, there was no
specific treatment for NK. That changed with the Food and Drug
Administration (FDA) approval of cenegermin. As our experience
with cenegermin has deepened, new data on long-term efficacy
has also emerged. A modern-day NK classification system has
been proposed that outlines the clinical signs and symptoms of
early stage disease, empowering clinicians to intervene early on in
the disease process when NK is most treatable. The following con-
tent summarizes a presentation by experts in NK who discussed
clinical evidence on how to differentiate NK from other masquer-
ading ocular surface diseases (OSDs) as well as pearls on diagnosis
and management.

— Kelly K. Nichols, OD, MPH, PhD, FAAO, Program Chair

AN INTRODUCTION TO NEUROTROPHIC KERATITIS

Dr. Nichols: NK is considered an orphan disease, which allows
new treatments to advance through the FDA approval process a
bit more rapidly.? Prevalence is difficult to estimate, and estima-
tions are largely based on other conditions that have NK associ-
ated with them. As of right now, we say that there are fewer than
65,000 cases in the United States.> Some conditions that are asso-
ciated with NK include herpes simplex keratitis and herpes zoster.
About 6% and 12% of patients with herpes simplex and zoster,
respectively, will develop NK.3 With zoster, specifically, you'll see
some postsurgical nerve damage. It's important to note that some
of these conditions can overlap making NK much worse.

In terms of differential diagnosis, it’'s important to focus on pain
and not stain. NK affects the nerves of the eye, and patients expe-
rience a loss of corneal sensation. Their clinical presentation may
not match their pain level." That is very different from neuro-
pathic pain, in which a patient has excessive pain with no clinical
signs, like corneal staining.

NK is a degenerative corneal disease where there’s damage to
the trigeminal nerve, cranial nerve 5, and the loss of corneal sensa-
tion, which, through feedback loop and regulation of the ocular
surface, results in a breakdown of corneal epithelium. It can then

« The cornea is the most sensitive and densely innervated
tissue in the human body'2

« Corneal innervation is essential

« Corneal epithelial cells act in a mutually supportive
relationship with corneal nerves'#
+ Corneal nerves: maintain corneal integrity
+ Protective functions: blinking and tearing
« Trophic support: neuropeptides (eg, substance P)
promote epithelial cell proliferation, migration,
adhesion
« Epithelial cells: neurotrophic factors (neuronal extension
and survival)

« Corneal nerve damage = loss of corneal sensation,
epithelial breakdown, poor healing':2

Protective and Trophic Functions

e N

Corneal

Corneal Nerve epithelial cell

Regeneration and
Survival

1. Sheha H. Clinical Ophthalmology. 2019:13 1973-1980. 2. Versura P, et al. Eye and Brain. 2018:10 37-45. 3. Dua s, et al. Prog Retinl Eye Res. 2018;66:107-131. 4. Saad s, et al. Ocular Suf.

Figure 1. Corneal innervation.>®

Impaired Corneal Trigeminal Innervation
l

! }

Impairment of trophic supply

Impairment of trigeminal reflexes

Comeal Reduced tear film production & blink rate

of corneal healing

Mastropasqua L, Massaro-Giordana G, Nubile M, Sacchetti M. Understanding the Pathogenesis
of Neurotrophic Keratitis: The Role of Corneal Nerves. | Cell Physiol. 2017 Apr;232(4):717-724,

Figure 2. Nerve malfunction is central to NK.'

impact the stroma. You can have stromal melting and a persistent
epithelial defect that doesn’t seem to clear or keeps returning.’

Figure 1 illustrates the feedback loop. When the nerves are dam-
aged, the feedback loop is broken, and the system slowly unravels.
There are protective and trophic functions of nerves beyond just
sensation that support the epithelial cells and their growth, regen-
eration, and survival. With a loss of sensation, the cells stop com-
municating.>

There are also factors associated with neuropeptides, like sub-
stance P, that are released when the corneal nerves are normal.
This is part of the feedback loop that results in epithelial cell
proliferation and migration, allowing them to communicate and
touch one another. Blinking also occurs through the nerves, and
normal corneal innervation patterns keep the ocular surface
healthy. Any breakdown, even if it slowly occurs over time, causes
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TABLE 1. NK ETIOLOGY?

INFECTIOUS )

« Chemical burns

« Carbon disulfide exposure
« Hydrogen sulfide exposure

« Herpes (simplex, zoster)
* Leprosy

+ LASIK

TOPICAL MEDICATIONS FIFTH-NERVE PALSY

IATROGENIC

« Trauma to ciliary nerves by laser
treatment and surgery
« Corneal incisions

CORNEAL DYSTROPHIES

SYSTEMIC DISEASE
+ Diabetes

» Multiple sclerosis
« Vitamin A deficiency

OTHER

« Anesthetics (abuse) « Trigeminal neuralgia surgery « Lattice « Contact lenses
« Timolol « Neoplasia (acoustic neuroma) « Granular « Increasing age
« Betaxolol » Aneurysms « Dark eye color

« Facial trauma

« Congenital

« Riley-Day syndrome

« Goldenhar-Gorlin syndrome
* Mobius syndrome

« Familial corneal hypesthesia

« Sulfacetamide
« Diclofenac sodium
« Ketorolac

this to worsen with poor healing." Figure 2 shows how impaired
corneal trigeminal innervation leads to NK.

Systemic conditions that are associated with NK don'’t stop
with herpes simplex and herpes zoster. There are many, including
diabetes, listed in Table 1. A diet high in sugar and certain medica-
tions can also lead to NK. Chronic comorbidities—such as dry eye,
blepharitis, exposure keratitis, topical drug toxicity, contact lens-
related disorder, and others—can also cofound the diagnosis of
NK; increasing the need for a thorough diagnostic workup, includ-
ing a confirmatory test. It's unclear if comorbidities are more
likely to result in a recurrence even with treatment, but | would
suspect that'’s the case.

If you see a nonhealing wound, it's important to ask yourself
if there is an association with herpetic corneal disease. Is there
damage due to a stroke or a brain injury? Has there been a history
of recent surgery or repetitive surgery? Have they had longstand-
ing contact lens wear? Maybe they wore rigid lens for a number
of years. Do they use chronic topical medications for glaucoma?
When you see something on the cornea that isn’t resolving, you
need to be asking these questions and thinking of NK, especially if
more than one is present in the patient.

DIAGNOSING NEUROTROPHIC KERATITIS

Walter O. Whitley, OD, MBA, FAAO: Patients with NK have
decreased sensation or decreased or no pain whatsoever.® The cor-
nea epithelium will have some irregularities, which you can have
with or without an epithelial defect. Is the stroma involved? If it is,
it's usually oval shaped. Patients may also have a corneal ulcer that
has led to melting as well as perforation.

When it comes to diagnosing NK; taking a complete history is
crucial. Ask patients directly if they've had a herpetic eye infection.
Ask them about their contact lens wear, if they take glaucoma
medication, and if they are on multiple medications. We know
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« Adie syndrome
« Limbal stem cell failure (chronic)

TABLE 2. DIAGNOSTIC CONSIDERATIONS FOR NK®
Clinical History
Corneal sensitivity testing
Complete eye exam (eg, slit lamp, rule out diabetic retinopathy)
Corneal staining (eg, fluorescein, lissamine green)

Schirmer test (can be impaired as a result of reduction in corneal
sensitivity)

Corneal cultures (rule out secondary infection)
In vivo confocal microscopy (affected sub-basal nerves)

Evaluation for systemic immune disorders

preservatives in eye drops can cause toxicity and accumulate within
that corneal epithelium leading to dysfunction.” Corneal sensitivity
testing is also essential and should be included in every OSD workup.
Drs. Mah and Nichols, do you routinely check corneal sensitivity?

Francis S. Mah, MD: Yes. | include corneal sensitivity testing in
all my ocular surface referrals and consults. | assess corneal sensi-
tivity on every patient who comes in with any type of OSD.

Dr. Whitley: Corneal sensitivity assessment is part of our workup
when someone comes in for dry eye as well. If you see any signifi-
cant or chronic staining or epithelial defects, you should have NK
as a potential differential. You should also be suspicious for NK in
patients with diabetes, which we know can overlap with dry eye
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disease and occurs in about 54% of patients.® Diabetes also affects
the peripheral nerve endings, and we know that there are significant
nerve endings within the cornea itself. Does the patient have dia-
betic retinopathy? There are various reports looking at patients with
proliferative diabetic retinopathy who had a vitrectomy and also

had concurrent NK>™° Table 2 lists diagnostic considerations for NK.

Staining is definitely underutilized, and you want to make sure
you're looking at this—whether it’s fluorescein, lissamine green,
or whatever stain you feel most comfortable with—because if you
don’t use stain, you will miss some of the subtle clinical findings
that are common within NK. Dr. Nichols, how often do you use
the Schirmer test?

Dr. Nichols: I think it is important to measure tear produc-
tion on all new dry eye patients to understand their baseline. For
example, could they be at risk for Sjogren syndrome?

Dr. Mah: I'm not doing a whole lot of Schirmer tests. I'll do
them for rheumatology workups, for Sjogren syndrome, and for
clinical trials.

Dr. Whitley: In addition to corneal sensitivity testing, | often use
Schirmer when | suspect a patient has NK and when | am trying
to get medications approved to show insurance a clinical finding.
If you're concerned about an epithelial defect or if the patient
has an infectious ulcer, corneal cultures would be indicated.
Additionally, in a cornea clinic, we can utilize confocal microscopy
and evaluate the sub-basal corneal nerves to see how those have
been impacted.

If a patient has nocturnal lagophthalmos, for example, we can
put drops on there all day long, but if we're not finding the under-
lying etiology and treating that first, it's not going to get better.

In these cases, exposure keratitis as well as NK is going to be our
differential. We have to make sure we're remembering that list
whether it’s dry eye, contact lens wear, or chronic medication with
preservatives—could this patient have NK?

HOW TO CONDUCT CORNEAL SENSITIVITY TESTING

Dr. Whitley: Corneal sensitivity testing is critical to diagnosing
NK. Does the patient have normal or reduced sensitivity or is it
completely absent? Typically, the greatest sensitivity will be in the
central cornea, but in older adults the cornea will be more sensitive
in the periphery. Corneal sensation does drop rapidly as the dis-
tance increases from the limbus and falls with increasing age. It’s not
affected by iris color. Testing can be done with a cotton wisp from
a cotton swab, unwaxed dental floss, or tissue tip.® Of course, don't
put anesthetic in the eye beforehand because you want to see how
sensitive, not sensitive, or desensitized that cornea is.

| find that tissue paper is easier and quicker than a cotton wisp.
| twist the tissue and touch it to the cornea. | always start with
the right eye, touching the tip of the twisted tissue to the central,
superior, temporal, inferior, and nasal cornea. | record the findings,
classifying the corneal sensitivity as normal, reduced, or absent,

and then move on to the other eye afterward with a new tissue.

If you want a quantitative number, you can also use the Cochet-
Bonnet esthesiometer. If you're using the Cochet-Bonnet, you
extend the retractable nylon monofilament to full length of 6 cm.
You then retract that filament incrementally in 0.5 cm steps until
the patient feels contact. It will give you a number of how sensi-
tive or desensitized that cornea is, with shorter length indicating
decreased sensation. It's primarily used in clinical research, but you
can use it in the clinic as well.

Dr. Mah, what is your corneal sensitivity testing technique?

Dr. Mah: Similarly, | take my cotton wisp and do each eye.
Sometimes the cotton wisp will soak up some of the tears if you
do it too far inferiorly or if the patient blinks in the middle, espe-
cially if they have normal sensation, then you have to start over.
It's not perfect. But again, it's not quantitative; it's more qualita-
tive. Then I'll use a new cotton swab on the other eye. | also record
the sensitivity as normal, reduced, or absent.

Dr. Whitley: Do you test various regions or are you only focused
on the central cornea?

Dr. Mah: That's a great question. In our fellowships, we teach
testing the central area and the four quadrants. Historically, the
reason to check the four quadrants is because of conditions like
herpes simplex or zoster, which can have sectoral corneal hypoes-
thesia or anesthesia. First and foremost, the key is remembering to
test. But | do test central as well as the four quadrants.

Dr. Nichols: | focus on the central cornea unless it looks like
there is a lesion somewhere. In that case, | test around the cornea
or in other areas for comparison.

Dr. Whitley: | agree that the main focus needs to be on testing
in the first place. However, as we get used to sensitivity testing,
it's important to test those various areas because it helps narrow
down the underlying cause.

Dr. Nichols: As you treat and the patient improves, you might
see a different result if you test the four regions. It’s certainly
peripherally where you might see some nerve regeneration and
then sensation improves. Testing the four quadrants and being
able to compare to future tests is valuable.

Dr. Mah: You also need to test the fellow eye, especially in the
beginning, to get an idea of what is normal and what is abnormal.
Being able to compare eyes is critical.

TRADITIONAL AND MODERN CLASSIFICATIONS OF NK
Mackie Severity Classification
Dr. Whitley: The Mackie Severity Classification of NK was devel-
oped several decades ago. It has three stages (Table 3).2"
Thankfully, | see a lot of stage 1 patients in my clinic. Patients
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CLINICAL FEATURES

« Punctate epitheliopathy
(punctate corneal
fluorescein/lissamine
green staining)

« Decreased tear breakup
time

« Stromal haze

« Increased mucous
viscosity

« Rose bengal staining to
the inferior palpebral
conjunctiva

2 « Persistent epithelial
defect with smooth rolled
edges

« Typically, in the
central/inferior cornea
« Surrounded by a rim of
loose epithelium
« Stromal opacity
« Anterior chamber
inflammatory reaction
may be present

3 « Corneal ulcer
« Stromal thinning/
ulceration
« Corneal perforation

with stage 1 disease have punctuate epitheliopathy, staining,
decreased tear film breakup time, and increased mucus viscosity.
They may also have some stromal haze. Stage 1 may resemble dry
eye. This is important because we’ve all had the recalcitrant dry
eye patient who has been treated with every anti-inflammatory
as well as meibomian gland treatment. We may try various other
treatment options, and it’s not getting better. That’s when you
need to think that there is something else going on. Once you do
corneal staining or sensitivity testing, you're going to find a lot
more patients with NK.

In the more advanced or moderate form of NK, patients will
have persistent epithelial defect—that oval shape with smooth,
rolled edges. Typically, it's found centrally or in the inferior part of
the cornea and will be surrounded by loose epithelium. You may
see some stromal swelling with folds in the Descemet membrane.
Depending on the defect, an anterior chamber inflammatory reac-
tion may be present. This is stage 2 disease.

In patients with advanced NK, or stage 3 disease, you'll see
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stromal thinning and ulceration, which could lead to corneal
perforation. In these patients, you'll want to use lab testing and
corneal cultures.

Although Mackie is three stages, there may be some overlap.
They're clustered, with a number of distinct and often nonsequential
phases of NK development into broad, nonspecific categories. The
recent advent of more effective treatment options necessitates a
more highly defined staging system that better reflects the evolu-
tion of the disease and alerts clinicians to the earlier stages of NK. Dr.
Mah, tell us about this newly proposed way to identify and stage NK.

The NK Study Group Classification System

Dr. Mah: The Mackie Classification Dr. Whitley so expertly
described is the historic classification, which was updated by the
NK Study Group (NKSG) a little more than 2 years ago. The issue
we had with the Mackie Classification is that the stages are too
broad. We started the NKSG to parse the different aspects and
define the earlier stages so we can intervene as quickly as possible.
NKSG members wrote a paper discussing this updated staging sys-
tem including diagnosis, diagnostic techniques, and classifications.
The paper has been submitted, and is currently under review. The
NKSG proposed classification has 7 stages, which allows for earlier
diagnosis as well as accurate monitoring of progression and evolu-
tion of recurrence. It really parses out the various different stages
in much more distincg, finite sections (Table 4).

Stage 0 is altered sensation without keratopathy, which
makes these patients difficult to identify. This is probably where
things start. Patients typically don’t complain, but they may say
they have fluctuating vision. They won’t have corneal findings.
Previously, these patients would be classified as normal.

Stage 1 is mild. Patients will have some altered corneal sensation
and epitheliopathy. There’s no stromal haze. These are those dif-
ficult dry eye cases where you've prescribed every treatment pos-
sible and can’t get the ocular surface to look normal. They look,
for all intents and purposes, like dry eye patients. Stage 2, which
is more moderate, is an epitheliopathy with a stromal haze. These
patients have a damaged ocular surface, but they don’t have an
epithelial defect.

Stage 3 is severe NK. Patients have persistent or recurrent
epithelial defects and a persistent breakdown of the epithelium.
Persistent means different things to different people—some
people say 1 week, some 10 days, some 14 days—as long as it’s
persistent, 10 days is what most clinicians accept. Stage 4 is when
patients have stromal scarring without corneal ulceration. Stage 5
is corneal ulceration, and stage 6, the final stage, is perforation.

| think the NKSG staging, at least in the beginning, will be a bit
academic and research-oriented. Importantly, stage 1 NK can look
exactly like a recalcitrant dry eye or unresponsive dry eye. How do
you differentiate early NK from dry eye?

Dr. Whitley: For me, it's important to follow OSD evaluation
protocols.” At my practice, we start with various questionnaires.
We use the SPEED questionnaire to assess dry eye symptoms.
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TABLE 4. NK STUDY GROUP PROPOSED STAGING SYSTEM Some of these patients may not have symptoms other than
the fluctuating vision." We'll do matrix metallopeptidase-9,
STAGE CLINICAL FINDINGS ~ PRESENTATION tear osmolarity, meibography, or an imaging of the meibomian

glands. Remember, you can’t use anesthetic within the eye if
you are going to evaluate corneal sensitivity. | follow that up
with staining to evaluate tear film breakup time. As we men-
tioned with the Mackie Classification stage 1, NK patients will
have decreased tear film breakup time.

0 (Mild) Altered sensation Appears to be a normal cornea
without keratrophy

1 (Mild) Epitheliopathy
without stromal haze

Dr. Mah: In terms of telling patients apart, one of the big
differences between dry eye and NK is corneal versus conjunc-
tival staining. With dry eye, you'll have a lot more conjunctival
staining to begin with that will extend into the cornea. You'll
have both corneal and conjunctival staining.”® With NK, you
don’t have much conjunctival staining. If you use lissamine
green or rose bengal and see conjunctival staining, the patient
probably has dry eye and not NK.

The second big differential is complaints of pain and dis-
comfort and a scratchy or foreign body sensation in the eye.'
Patients with NK don'’t typically have these complaints; they
are shockingly comfortable. Their main complaint is fluctuat-

2 (Moderate)  Epitheliopathy with
stromal haze

3 (Severe) Persistent or ing vision.
recurrent epithelial
defects Dr. Whitley: It’s also important to look at asymmetry pat-
terns. When we think about one of the common causes of NK,
viral infection like herpes simplex or zoster, typically that’s uni-
lateral. If you see significant staining in one eye versus another,
that should be a clue. Second, if you have a patient being
treated for dry eye and you've tried various medications and
4 Severd) Persistent or anti-inflammatories but still see staining, it’s time to start test-

recurrent epithelial ing corneal sensitivity and consider early-stage NK.

defect and stromal
scarring without
corneal ulceration

Dr. Mah: It’s very easy to test that cornea as part of a dry eye
workup. If you think the patient has dry eye and treatments
aren’t working, check the corneal sensitivity. The travesty
would be ignoring it and pushing it off. Make the diagnosis. If
you don'’t feel comfortable, refer the patient or attend more
of these sessions and get comfortable with the algorithm to
start the process. Grow and learn the different stages. At some
point, you'll learn to incorporate some of these tips even if it's

5 (Severe) Persistent or
recurrent epithelial
defect with corneal

ulceration not all of them.
Dr. Nichols: There are many practices out there that focus
on the ocular surface. Identify that practice, meet them, see
6 (Severe) Corneal perforation what they are doing, and determine if you can use them to

help comanage these patients until you feel comfortable.

NK Treatment

Dr. Mah: Treatment for NK is focused on severity-based
therapy (Table 5).4¢ In early Mackie stage 1 disease, treat with
preservative-free artificial tears. The preservative-free aspect is
important because preservatives such as benzalkonium chlo-
ride could be a cause for NK.” Punctal occlusion is beneficial,
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TABLE 5. SEVERITY-BASED THERAPY FOR NK*€

MACKIE STAGE ~ TREATMENT

1 « Preservative-free artificial tears formulations
+ Punctal occlusion
« Hydrogel contact lens (consider large diameter)
+ Recombinant human nerve growth factor (rhNGF,
cenegermin)
« Serum/plasma/platelet-rich plasma

2 Supportive therapies plus:
* rThNGF
« Scleral lens (+ serum/plasma)
+ Amniotic membrane
« Botulinum induced ptosis, tarsorrhaphy

3 + ThNGF
« Keratoplasty + scleral lens, tarsorrhaphy, neurotization

and large-diameter hydrogel contact lenses can be used for stages
1,2, and 3. Recombinant human nerve growth factor (NGF), or
cenegermin, is FDA approved for stages 1, 2, and 3. If you have
access, autologous serum tears (AST) or the platelet-rich plasma
(PRP) is beneficial. There are also amniotic extract eye drops,
which are beneficial. With the exception of cenegermin, we use all
of these tools on severe dry eye patients.

For Mackie stage 2 disease, you can use a scleral lens if it's a
chronic issue, AST/PRP, amniotic membranes, and cenegermin.
You can also do some type of nonsurgical tarsorrhaphy, which is
more chemical, like Botox or super glue. You can also do a suture
tarsorrhaphy if the persistent epithelial defect won't heal.

For Mackie stage 3, which includes ulcerations and stromal melt-
ing, cenegermin is approved in this setting. Other options include
keratoplasty, scleral lens, tarsorrhaphy, and neurotization. Dr.
Whitley, is there anything you like to use for a specific stage of NK?

Dr. Whitley: In stage 1, punctal occlusion is definitely under-
used and it’s very beneficial. Even though cenegermin is approved
for Mackie stage 1 disease, | still go with the amniotic membrane
first and step up to cenegermin if they haven’t approved in a
month or 2.

Dr. Mah: A preservative-free topical antibiotic should be used
if there is an epithelial defect. Moxifloxacin is FDA approved, and
| would use it, at minimum, 3 times a day. AST can be difficult
to get, but they are effective. At a 20 to 50% concentration, AST
have a success rate ranging from 71 to 100% in terms of healing
epithelial defects in NK within 90 days.™"” There is some evidence
that umbilical cord serum may be more effective and has a higher
concentration of substance P and NGF than peripheral blood
serum."® Studies have also shown that plasma-rich platelets and
growth factors are also effective, with epithelial defects healed in
97.4% in stage 2 and stage 3 disease after 11 weeks." Finally, silicon
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hydrogel contact lenses can be safely used in combination with
AST; no inflammation or contact lens deposits were observed in

a study by Choi et al.2® However, there isn’t any information on
how successful that combination was in terms of healing epithelial
defects in NK.

Dr. Whitley: Dr. Mah, what concentration of AST do you rec-
ommend? At 50%, you'll have too much transforming growth
factor, which may limit epithelial healing. Do you have any com-
ments on that?

Dr. Mah: AST is typically administered in a 20% concentration,
but many clinicians are not using 20%; they are using 50 to 70%.?" |
personally recommend 50% for NK. You'll get a higher concentra-
tion of NGF, but you're not going to have transforming NGF.

Moving on to amniotic membrane transplant (AMT), this is
a little easier to access because they are commercially available.
One randomized clinical trial reported on the healing of refractory
neurotrophic ulcers with conventional therapy (lubrication plus
bandage contact lenses or tarsorrhaphy) compared with AMT and
found that the healing rates were similar between the two groups
(67% vs 73%, respectively).2? A second study looked at AMT com-
pared with AST in healing neurotrophic ulcers and found similar
rates between them as well (73% vs 70%, respectively).?> There are
many studies looking at AMT, either in layers, glued on, or sutured
on for NK, and they seem to work well.> There’s a growing body
of literature in the amniotic membranes that we use in the clinic,
the freeze dried or the fresh frozen.2>? | prefer the fresh frozen,
cryopreserved version. | haven’t had as much success with the
freeze dried amniotic membrane commercially available products.
Dr. Whitley, Dr. Nichols, any comments?

Dr. Whitley: We've also had better clinical results anecdotally
within our practice with the cryopreserved.

Dr. Nichols: There’s a bit of comfort level associated with each
technique as well. It may be easier for someone to start out with
one versus the other, so it’s worth trying to go to a session where
you can see both in practice.

Dr. Mah: Moving on, the use of scleral lenses was reported
several decades ago, and they are beneficial.>” Nonhealing cor-
neal epithelial defects healed in all nine patients treated with the
PROSE scleral lens.”® Overnight wear with close monitoring may
accelerate healing.?® Scleral lenses are a great technique, but time
consuming because they have to be ordered and fitted. You can’t
use it emergently or urgently. If the person is relatively stable, it's a
good method.

Corneal neurotization restores corneal sensitivity using a mul-
tidisciplinary surgical technique involving an orbital surgeon and
a corneal specialist. It is relatively exciting. You take the free sural
nerve and attach it end to side with the supratrochlear nerve,
which is why you need an orbital surgeon. The distal portion
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of the nerve is separated into different fascicles and distributed
around the limbus, which is why you need a cornea specialist.>

Several groups have reported on the efficacy of corneal neuroti-
zation.333 In general, patients have some corneal sensitivity result-
ing in resolution of the NK and epithelial defects. This is a valid,
exciting approach, but reimbursements are poor and it’s a very
long procedure.

CENEGERMIN: A FIRST-IN-CLASS TREATMENT FOR NK
Dr. Whitley: Cenegermin is a human NGF that is structurally
identical to the NGF protein within the body."34 It was approved
by the FDA in 2017 for the treatment of NK. Corneal integrity is
maintained by three mechanisms. Endogenous NGF acts through
specific high affinity and low affinity NGF receptors in the anterior
segment of the eye." I those nerves aren't functioning properly,
then that epithelium is not going to maintain its regularity, which
creates a feedback loop. That's why it's important for us to address
the nerves, to get them to grow, and to improve their function.
When it comes to corneal innervation, NGF plays a role in
the function and stimulates the regeneration and survival of the
sensory nerves.>* It also stimulates cell proliferation and dif-
ferentiation and helps with the survival of the corneal epithelial
cells.” NGF, combined with the receptors on the lacrimal glands,
promotes the sensory mediated reflex tearing secretion.>® To make
sure we address the feedback loop, we need to address the under-
lying issue of denervation, which is where cenegermin comes in.
Dr. Nichols, please take us through some of the clinical trial data
that led to the approval of cenegermin.

Dr. Nichols: The safety and efficacy of cenegermin dosed six
times a day was assessed in two trials: NGF0214 (n = 48), which
was conducted in the United States, and REPARO (n = 104),
which was conducted in Europe.?”* Patients were assigned 1:1
to treatment or placebo. At week 8 in NGF0214, 65% of patients
were healed with cenegermin versus 16% with placebo (P =.001).
This is a 6 times a day treatment, but you're also applying placebo
6 times a day a well. You will see some beneficial effect of the
repeated lubrication over a period of weeks.

REPARO had similar results but in a bit larger of a study, with
72% of patients at 8 weeks treated with cenegermin showing sta-
tistically significant clearance with no staining present versus 33%
with placebo (P =.001).3738 One of the key questions is how long
does a single series of treatment last? Do we have enough data to
show over time what the trend is? Do you need to do it again? Of
that 72% in REPARO who had clearance at 8 weeks, 80% were still
clear after a year.

Pooled together, 50 sites across the world were involved. The
most common adverse event was eye pain, which is interesting
because these patients don’t experience pain; they have decreased
sensation.?”8 Therefore, how does this pain occur? Does it mean
they are improving and are starting to feel again? That could be
part of it. The other part could be in the vague way questions are
asked in clinical trials. A lot of things are lumped into eye pain.

If they had irrita-

tion in and around
the eye, they could
call that eye pain. In
most instances, the
pain was mild and
transient. Dr. Mah, in
your experience, what
do your patients say
about the sensations
they experience while
using this drop?

Dr. Mah: | tell
patients they might
get pain, which
typically begins 2 to 3
weeks after they start
treatment. | explain
that it’s a good thing
because it means that
the nerves, which
have deadened, are
waking up and they
are starting to feel
again. Invariably at
the end of the treat-
ment, it goes away.
As long as they know
this is normal, most
patients will power
through it. They don’t
discontinue because
of pain.

Figure 3. Corneal wound healing of pediatric NK using
cenegermin imagined with a multimodal approach.” Yellow
arrows point at the edges of the epithelial fronts in the
photograph obtained at baseline with diffuse white light
(R), with fluorescein staining (green) photograph obtained
under cobalt-blue light illumination (B), and points to the
epithelial edges in the OCT scan over the thinnest area at
baseline (C). Images acquired at the end of the treatment at
Week 8, and the green arrows show a residual paracentral
corneal epithelial hyperplasia. About 1 month later, OCT scan
(G) reveals complete regression of the corneal epithelial
hyperplasia (D-F). Dr. Nichols: Now
that cenegermin is
approved, people want to know the long-term effect. What do
we know about the continued beneficial effect over 1, 2, or 3
years out? Are we still seeing improvements in sensitivity and
best-corrected visual acuity (BCVA)?

Four studies were published in the last year that help answer
some of these questions. Bruscolini et al performed a retrospec-
tive chart review of 18 patients with Mackie stage 2 or 3 NK with
a least 2 years of follow-up.?® Some patients were followed up to
48 months. There were 4 instances of recurrence over the entire
period. At 1 year, three patients recurred. The fourth recurrence
occurred at month 36. Visual acuity, corneal sensitivity, and tear
production had statistically significant differences at 1, 2, and
3 years. The authors concluded that cenegermin does produce
lasting results, even with just one treatment.

In a second study, Pedrotti et al performed a prospective case
series of 18 patients with 8 months of follow-up.“ The majority,
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» Currently using ciprofloxacin 3-4 x a day

OD: 20/40 ph no improvement
0OS: 20/40 ph 20/20

Figure 4. Case 1: Baseline imaging after referral.

14 of 18 patients, stayed clear at 4 and 8 months. In vivo corneal
microscopy was used to evaluate corneal nerve regeneration.
Significant peripheral corneal nerve growth and branching was
seen at 2 months and central advancement across the 8 months.
Corneal sensitivity improved. The nerve regeneration was partially
visible at 8 weeks. It continued after treatment with the hypoth-
esis that the initial growth sustained further regeneration because
the reestablishing of the connections allows the nerves to con-
tinue to regenerate.

Bonzano et al evaluated anterior segment OCT in 16 patients
with NK, half of whom were treated with 50% AST and half of
whom were treated with cenegermin.*’ The researchers wanted
to see what was happening with corneal thickness as healing pro-
gressed. Figure 3 shows that there’s a lumpiness that smooths out,
which is especially apparent in Figure 3, images F and G.

Researchers compared the differences between AST and ceneg-
ermin and found that both were effective but at different time
points. Cenegermin was faster than AST, at 3.9 versus 5.9 weeks,
respectively. They were particularly interested in looking at the
cornea and how quickly it healed the epithelial layer, if they could
see the scar tissue, if the scar tissue improved, and what the over-
all profile of the cornea looked like. Both improved, perhaps a bit
quicker than they suspected, which they hypothesized was due to
the peripheral nerve regeneration.

Finally, Sacchetti et al evaluated two groups: amniotic membrane
transplant (n = 15) and cenegermin (n = 24) with 12 months of fol-
low up.# A total of 13 patients in the AMT group and 23 patients
in the cenegermin group cleared. Similar to other studies, there was
a 13% recurrence rate, which favored cenegermin. BCVA was sta-
tistically significantly improved. Patient satisfaction with treatment
and outcomes was higher in the cenegermin group. Now, of course,
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Baseline Week 4 Week 8
« >5 mm central lesion, started « Central lesion reduced in size, + Central lesion resolved, slight haze
cenegermin-bkbj incomplete closure

cenegermin-bkbj clinical trial

Figure 5. Case 2: Baseline imaging through week 8 of cenegermin treatment.

you’re comparing a surgical technique versus a drop, and so that
probably influenced satisfaction.

I will say, too, that if you look at patients in some of these stud-
ies, they did treat the patients who recurred. In general, patients
who recurred remained clear at least a year, assuming they were
followed. A second treatment could be useful if there’s recurrence.

Dr. Mah: This is fantastic. There’s growing evidence of efficacy
and a greater understanding of the effect of the drug on the
human cornea.

Dr. Nichols: Being able to see the nerve regeneration is fascinating.

Dr. Whitley: The data you showed are impressive, but there is
a 13% recurrence rate, meaning some patients may need retreat-
ment. We don’t have enough evidence there. Hopefully some of
you can share your experience with another round of cenegermin
in your patients. I've done it on a couple of patients so far.

Dr. Nichols: One thing we don’t know is if patients who recur
are more likely to have more severe disease at enrollment. These
sample sizes are too small to say. | think the mounting body of
evidence will help guide future decisions. If patients have a certain
severity or a cluster of systemic diseases, they may be more likely
to need a second treatment. That information helps with setting
patient expectations.

CASE 1: LASIK-INDUCED NK

Dr. Mah: Our first case is a 53-year-old woman who works at
a computer all day. She had a history of LASIK in April 2017, but
she also had a history of right-sided trigeminal neuralgia, at least
it was diagnosed as such. It was pain on the right side of her face.
In June 2017, she had a rhizotomy as a potential treatment for the
trigeminal neuralgia and the pain. It did not resolve the facial pain
and resulted in right-sided facial and eye numbness. Although this
is not a common complication of rhizotomy, it can happen.

Her current complaint is decreased vision. She doesn’t have
pain. As the day progresses, her central more than her peripheral
vision becomes hazy in that right eye. She uses artificial tears and
was referred by a neuro-ophthalmologist for an epithelial defect.
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The neuro-ophthalmologist started her on ciprofloxacin three or
four times a day. Figure 4 shows her right eye when she came to
me. She was 20/40 in her right eye with no improvement. She was
20/40 with 20/20 pinhole in the left eye.

| healed her up using ointment four times a day. Remember,
this case is from 2017 and 2018 before we had cenegermin. The
problem was, over the next 12 months, every time she stopped the
ointment another abrasion or epithelial defect formed. She didn’t
like the ointment because it blurred her vision, and she works in
front of a computer. She developed an abrasion four times within
a year. We tried self-retaining AMT. We used ointment, but she
kept breaking down when she decreased the ointment use. She was
fitted for a scleral lens, but she just couldn’t tolerate it. She finally
had a tarsorrhaphy and hated it, but it kept her intact. Cenegermin
was launched in early 2019, and | prescribed it immediately. After
an 8-week course, 6 times a day, she was healed. She has remained
healed just using preservative-free artificial tears. Her vision is 20/25.

CASE 2: NK WITH HISTORY OF HERPES ZOSTER AND LASIK
Dr. Mah: Case 2 is a 75-year-old man with a 3- to 4-month non-
healing epithelial defect. He has a history of bilateral LASIK, herpes
zoster, and a previous corneal abrasion about a year prior that
healed after 2 weeks of aggressive lubrication antibiotic eye drops.
Previous treatments include bandage contact lens, two rounds
of self-retained AMT, and AST. At the time of referral, he was on
antibiotic eye drops, artificial tears, and valacyclovir. Corneal sen-
sitivity was tested and it was complexly absent. He had > 5 mm
central abrasion. The diagnosis was nonhealing neurotrophic cor-
neal epithelial defect. He was started on cenegermin, and 4 weeks
later half way through treatment, the > 5 mm central abrasion
was a small epithelial defect (Figure 5). It completely resolved at
week 8, with the patient only reporting a slight bit of haze.

CASE 3: 0SD OR NK?

Dr. Whitley: Our last case is an 84-year-old woman referred for
an ocular surface evaluation. She has a 10-year history of dry eye
syndrome, a history of herpes stromal keratitis, anterior scleritis,
and previous glaucoma medication (eg, chronic preservatives).
She has diabetes and seasonal allergies, which she has treated with
topical allergy drops. Those have preservatives as well. Previous
treatments include punctal cautery and two rounds of cryopre-
served, self-retaining AMT. She’s currently on preservative-free
artificial tears and cyclosporine twice a day in both eyes. | checked
her corneal sensitivity and it was centrally absent. | diagnosed
her with a nonhealing punctate keratopathy, which is stage 1
NK. | treated her with 8 weeks of cenegermin. Her ocular surface
improved, the nerves regenerated, and the epithelial cells healed.

Dr. Nichols: Any final words on setting expectations with
patients treated with cenegermin?

Dr. Mah: | am very happy with cenegermin in terms of effective-
ness and durability. The side effect profile is tolerable as well, but

I do tell patients to expect some pain. I've also been pretty happy

with the ability of my patients to access cenegermin. It’s relatively
expensive, but the pharmaceutical company has been good about
getting patients access.

Dr. Nichols: Thank you all for an excellent discussion on diag-
nosing and managing patients with NK.
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A STEP FORWARD: THE LATEST DEVELOPMENTS
IN NEUROTROPHIC KERATITIS

COPE Release Date: September 1, 2022
COPE Expiration Date: September 30, 2023

INSTRUCTIONS FOR CREDIT

To receive credit, you must complete the attached Pretest/Posttest/Activity Evaluation/Satisfaction Measures Form and mail or fax to
Evolve Medical Education LLG; 353 West Lancaster Avenue, Second Floor, Wayne, PA 19087; Fax: (215) 933-3950. To answer these ques-
tions online and receive real-time results, go to https://evolvemeded.com/course/2221-supp. If you experience problems with the online
test, email us at info@evolvemeded.com. NOTE: Certificates are issued electronically.

Please type or print clearly, or we will be unable to issue your certificate.

Full Name DOB (MM/DD):

Phone (required) Email (required*)

Address/P.O. Box

City State/Country Zip

License Number: OE Tracker Number: National Provider ID:

*Evolve does not share email addresses with third parties.

DEMOGRAPHIC INFORMATION

Profession Years in Practice Patients Seen Per Week Region
___MD/DO __>20 (with the disease targeted ___ Midwest
___0OD ___ 1120 in this educational activity) ___ Northeast
NP ___ 610 0 __ Northwest
_ Nurse/APN _ 15 ___1-15 __ Southeast
___PA < _16-30 __ Southwest
___ Other 3150
___>50
LEARNING OBJECTIVES
Did the program meet the following educational objectives? Agree Neutral Disagree

Summarize the etiologies of neurotrophic keratitis (NK) and how to differentiate
it from similar diseases - - -

Recognize the newly proposed stages of NK -
Describe the stepwise approach to therapy and determine when to refer patients - - -

Review clinical data on new and emerging treatments for NK - - -
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POSTTEST QUESTIONS

Please complete at the conclusion of the program.

1. Based on this activity, please rate your
confidence in your ability to describe the stepwise
approach to neurotrophic keratitis (NK) therapy
and determine when to refer patients (based on a
scale of 1to 5, with 1 being not at all confident and
5 being extremely confident).

a. 1

b.2
c.3
d. 4
e.5
2. Endogenous nerve growth factor helps preserve

and restore the ocular surface by which of the

following mechanisms?

a. Strengthening tight junctions between
epithelial cells to enhance corneal
epithelial barrier functions

b. Providing nutrition to conjunctival goblet
cells and eyelid tear glands in order to
increase tear production and improve
tear quality

c. Stimulating limbal stem cells to generate
new epithelial cells

d. increasing tear production at the
lacrimal gland, stimulating nerve
regeneration, and supporting epithelial
cell proliferation and differentiation

3. A 54-year-old patient presents to your office
for routine evaluation. He is a contact lens
wearer with a history of visually significant
cataracts, severe primary open-angle glaucoma
on maximal medical drop therapy, and dry eye
disease (DED). On exam, you note loss of corneal
sensation bilaterally and diagnose him with NK.
All of the following conditions may have led to his

condition, EXCEPT:
a. DED
b. Contact lens-related disorders
c. Cataracts
d. Topical drug toxicity

4. All of the following statements about NK are

true, EXCEPT:
a. NK is a degenerative corneal disease
b. NK results from damage to cranial
nerve VII
c. NK results in loss of corneal sensation
d. NK causes impaired corneal healing

5. Corneal innervation is essential for good
epithelial health. How do corneal nerves maintain a

healthy corneal surface?

a. Provide stromal, epithelial, and
Bowman'’s structural support

b. Maintain sensory functions that are
essential to tear film maintenance

c. Facilitate protective functions of
blinking and tear production as well as
trophic support

d. Provide key nutrients to the epithelium
while also serving as a physical barrier
to microbes

6. A 69-year-old man presents to your office for
routine eye examination. He has a history of LASIK
0U. On slit lamp examination, you note an inferior,
oval-shaped corneal epithelial defect with smooth
and rolled edges. However, the patient does not
report any pain. What is the next best diagnostic
step to aid in this patient’s diagnosis?

a. Dilated fundus examination

b. Corneal sensitivity testing

c. Corneal pachymetry
d. Corneal hysteresis measurement

7. A 56-year-old patient presents to your office
with evidence of NK. On exam, you note a
persistent oval-shaped epithelial defect with
smooth, rolled edges and stromal haze. According
to the Mackie Severity Classification, what stage of
NK does this patient have?

a. Stage 1

b. Stage 2

c. Stage 3
d. Stage 4

8. All of the following are examples of QUALITATIVE

corneal sensitivity testing, EXCEPT:
a. Cotton swab testing
b. Cotton wisp testing
c. Cochet-Bonnet esthesiometer
d. Dental floss testing

9. What is a benefit of the proposed new 7-step

clinical staging system for NK?

a. To allow for earlier diagnosis of NK

b. To differentiate between NK and
infectious keratitis

c. To determine which patients with NK
need surgical therapy

d. To determine systemic risk factors
for NK
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10. A 79-year-old patient presents to your office
for routine evaluation. Slit lamp examination
reveals a normal anterior segment examination.
Corneal sensation testing reveals absent corneal
sensation. According to the staging system
proposed by the NK Study Group, what stage of NK

does this patient have?
a. Stage 0
b. Stage 1
c. Stage 2
d. Stage 3

11. A 46-year-old contact lens wearer presents to
your office for routine examination. On exam, you
note diffuse punctate epitheliopathy with no other
significant findings on slit lamp exam and dilated
fundus exam. What test might determine whether

this patient has NK or DED?
a. Tear film breakup time
b. Meibography
c. Corneal sensitivity testing
d. Schirmer testing

12. The Mackie Neurotrophic Keratitis Classification
System breaks NK into three stages. Recently, the
Neurotrophic Keratitis Study Group has developed
a new 7-step staging system. The purpose for this

new system is:

a. To replace an outdated system

b. To allow for more accurate monitoring
of progression of the disease as well as
delineate which patients may respond
well to particular therapies and evaluate
response to treatment

c. To better educate patients about their
disease and help them understand the
prognosis and possible consequences of
the condition

d. To determine which patients need
amniotic membrane grafting

13. You are evaluating a patient in your office with
stage 2 NK. All of the following treatments are

reasonable therapies for this patient, EXCEPT:
a. Amniotic membrane
b. Scleral lens
c. thNGF
d. Keratoplasty

14. NK is a rare disease with fewer than

affected in the United States.
a. 25,000
b. 65,000
¢. 105,000
d. 250,000



ACTIVITY EVALUATION

Your responses to the questions below will help us evaluate this activity. They will provide us with evidence that improvements were made
in patient care as a result of this activity.

Rate your knowledge/skill level prior to participating in this course: 5 = High, 1 = Low
Rate your knowledge/skill level after participating in this course: 5 = High, 1 = Low
This activity improved my competence in managing patients with this disease/condition/symptom. Yes No

Probability of changing practice behavior based on this activity: High Low No change needed

If you plan to change your practice behavior, what type of changes do you plan to implement? (check all that apply)

Change in pharmaceutical therapy Change in nonpharmaceutical therapy __

Change in diagnostic testing _____ Choice of treatment/management approach ____

Change in current practice for referral ____ Change in differential diagnosis

My practice has been reinforced _____ I do not plan to implement any new changes in practice

Please identify any barriers to change (check all that apply):

__ Cost ___ lack of consensus or professional guidelines
____lack of administrative support ___lack of experience

___ lack of time to assess/counsel patients ___ lack of opportunity (patients)

__ Reimbursement/insurance issues ___lack of resources (equipment)
_____Patient compliance issues _____No barriers

Other. Please specify:

The design of the program was effective for the content conveyed _ Yes ___No
The content supported the identified learning objectives __ Yes ___No
The content was free of commercial bias _ Yes ___No
The content was relative to your practice _ Yes _No
The faculty was effective _ Yes ___No
You were satisfied overall with the activity _ Yes ___No
You would recommend this program to your colleagues _ Yes ___No

Please check the Core Competencies (as defined by the Accreditation Council for Graduate Medical Education) that were enhanced through your par-
ticipation in this activity:

__ Patient Care

___ Practice-Based Learning and Improvement

____ Professionalism

____ Medical Knowledge

_____Interpersonal and Communication Skills

System-Based Practice

Additional comments:

| certify that | have participated in this entire activity.

This information will help evaluate this activity; may we contact you by email in 3 months to inquire if you have made changes to your practice based
on this activity? If so, please provide your email address below.




