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Dry Eye Disease1

Tear Film and Ocular Surface Society (TFOS) July 2017

TFOS DEWS II

“A multifactorial disease of the ocular surface 
characterized by a loss of homeostasis of the 
tear film, and accompanied by ocular 
symptoms, in which tear film instability and 
hyperosmolarity, ocular surface inflammation
and damage, and neurosensory abnormalities 
play etiological roles.”

—T he R e- D efin ition  and  C lass ifica tion  o f D ry  E ye  D isease : 
R eport o f the  D e fin ition  and  C lass ifica tion  S ubcom m ittee  

o f the  In te rna tiona l D ry  E ye  W orkS hop (D E W S II). 
Ocu l Surf. 2017  Ju ly  20 , on line

1. 2007  R eport o f the  In te rna tiona l D ry  E ye  W orkshop . O cu l S urf. 2007. 

An independent committee of Eye Care Professionals 
developed a contemporary definition of Dry Eye Disease
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Results from the 2015 Gallup poll project the number of adults who report experiencing Dry Eye on a regular basis. 
Projections of frequent Dry Eye sufferers are calculated by applying incidence by age to US Census population 
estimates in each age group in 2015 and 2025. Projections assume no change in incidence levels over the next 
decade.2

Prevalence of Dry Eye Disease
• Up to 33 million Americans are estimated to be suffering from Dry Eye symptoms1,3

• Results from the 2015 Gallup Poll (n = 1020) project the number of adults who report 
experiencing Dry Eye on a regular basis2:

5
1. P au lsen   e t a l. A m  J  O phtha lm o l. 2014 ; 2 . T he  G a llup  O rgan iza tion , Inc . T he 2015  G a llup  S tudy  o f D ry  E ye  S u ffe re rs . 2015 . O n line  po ll conduc ted  M ay 26-June  23 , 2015 ; 
3 . C en te rs  fo r D isease  C ontro l and  P reven tion  2016 .

2015 2025

30.7 33.7Projected Growth in Frequent 
Dry Eye Sufferers 

(in millions)1

9.7% 
GROWTH

5

Etiology

• 86% of patients with a classified subtype have 
evaporative dry eye/MGD as a component

Lemp MA, et al. Cornea. 2012;31:472-478.
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Dry Eye and Other Conditions

Dry Eye Disease is common among patients with other conditions

1. M oss  e t a l. O ptom V is  S c i. 2008 ; 2 . D oughty  e t a l. O ptom V is  S c i. 1997; 3 . M anav ia t e t a l. B M C  O phtha lm o l. 2008 ; 4 . Leung  e t a l. J  G laucom a . 2008 . 7
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Prevalence of Dry Eye in Patients With Various Conditions
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Bottom Line

Punctal Occlusion  OU $231 - 264
Ant Seg Photos  $17.35 to 57.78
Amniotic Membrane $1489.02 to 2532.51
IPL $1000 – 1200 /4 session
Thermal Expression OU $500 to 750
Manual Expression $125 – 200
Microblepharoexfoliation – $150-200
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Bottom Line

Demodex Tx $125.00 to 200.00
Supplements $395.40 ($161.00 Net)
Scrubs,Tears,Masks, Moisture Wear ($196.00 Net) 

10

Bottom Line Examples

4 Visits,Tears, Scrubs, Diagnostics, Net $577
4 Visits, Plugs, Tears, Scrubs, Diagnostics, Net $768.00
4 Visits, Plugs, Tears, Scrubs, Diagnostic, MBE Net $948
6 Visits, Plugs, Tears, Scrubs, Diagnostic, MBE, Thermal Expression 

Net $1248
6 Visits, Plugs, Tears, Scrubs, Diagnostics, MBE, IPL Thermal 

Expression, $2248
6 Visits, Plugs, Tears, Scrubs, Diagnostics, MBE, IPL, Thermal 

expression, Amniotic Tissue $3040
6 Visits, Plugs, Tears, Scrubs, Diagnostics, MBE, IPL, Thermal 

Expression  2 Amniotic Membranes $3790
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Top Tips for Dry Eye Practice

12

Top tips for dry eye practice

• Start small – you already have 
the equipment

13
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Top tips for dry eye practice

•Utilize questionnaires -scoring is 
helping
•OSDI App
• SPEED
• Frequency of Dryness
• SANDE  DEQ-5
•Other

14

Top tips for dry eye practice

•Do Lunch and Learns
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Top tips for dry eye practice

•Do your own market 
evaluation
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Top tips for dry eye practice

•Run the numbers on each 
investment
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Top tips for dry eye practice

•Designate a ”Louie”
•Dry Eye Coordinator

18

Top tips for dry eye practice

•Commit to level of care within the 
practice
• “Plan to Work and Work the Plan”

19
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Top tips for dry eye practice

•Have a conversation – Find the 
dialogue that you are 
comfortable with

20

2020  DRYEYEBOOTCAMP®
DUPLICATION PROHIBITED WITHOUT PERMISSION.  ALL RIGHTS RESERVED.

21

2020  DRYEYEBOOTCAMP®
DUPLICATION PROHIBITED WITHOUT PERMISSION.  ALL RIGHTS RESERVED.
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2020  DRYEYEBOOTCAMP®
DUPLICATION PROHIBITED WITHOUT PERMISSION.  ALL RIGHTS RESERVED.
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Healthy	Oils
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Standard Patient Evaluation of Eye Dryness 
(SPEED) Questionnaire1

• Evaluates the frequency and severity of 
symptoms

• Developed as an easy to use fast screening 
tool for dry eye disease

• SPEED questionnaire is one of the tools used 
to identify candidates for LipiFlow®

2 0 0 9 _ B la c k ie _ T h e  R e la t io n s h ip  B e t w e e n  D r y  E y e  S y m p t o m s  a n d  L ip id  L a y e r  T h ic k n e s s _ C o r n e a

26 27

CLIA Wavier

• Lab Director within your practice
• State laws vary from state to state
• Bill the tests as a lab
• Different Deductibles and Co-Pays

• Set your practice apart
• Insurance Panels 

28

• SPEED Score of 6 or greater
• Roughly 15% to 20% of patients 
• Varies with patient population
• Investment depends on utilization

29

Osmolarity Testing

30

Abnormal vs. Normal Patient Results

If a patient is symptomatic with normal 
osmolarity, additional considerations 
include:

• Conjunctival chalasis
• Mild allergic conjunctivitis
• Epithelial Basement Membrane 
Dystrophy (EBMD)
• Other

31
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The glycocalyx and microvilli help 
retain water on the corneal 

surface

Normal Tear Film – lipid, aqueous and 
mucous layer. 

Decrease in aqueous production or 
increased evaporation results in abnormal 

osmolarity

Tear Osmolarity and Ocular Surface Health

32

Left undiagnosed and untreated, 
tears with abnormal osmolarity 

become increasingly cytotoxic to the 
corneal epithelium

Death to superficial epithelial 
cells exposes the underlying 

immature cells to the 
cytotoxic hyperosmolar tears

Tear Osmolarity and Ocular Surface Health

33
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Prevalence of Tear Film Hyperosmolarity

References 1. Manoj VS. Invest Ophthalmol Vis Sci 2016; 57:ARVO E-Abstract 2860.

Prevalence of hyperosmolarity and symptoms 
of DED in the US population (ARVO Sept 2016)

US 
Study 

Average

Number of patients in the study     9947

% of patients that have 1+ dry eye symptoms 81%
% of asymptomatic patients with abnormal osmolarity

(>308 mOsm/L) or inter-eye difference >8 mOsm/L) 58.9%

% of patients exhibiting moderate hyperosmolarity
(>316 mOsm/L) 29%

% of symptomatic patients with normal osmolarity
(<308 mOsm/L) or inter-eye difference <8 mOsm/L)

36.9%

35

Abnormal vs. Normal Patient Results

If a patient is symptomatic with normal 
osmolarity, additional considerations 
include:

• Conjunctival chalasis
• Mild allergic conjunctivitis
• Epithelial Basement Membrane 
Dystrophy (EBMD)
• Other

36 37
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Testing Osmolarity

• Initial Investment
• $9500

• Test Cards
• $11 per test card
• 1 test card per eye
• Billed as a lab test
• Doesn’t affect E/M Coding
• Reimbursement $22.48 per eye
• Down Stream Procedures

40

OsmolarityTesting

• Allowable Amounts Range From
• $12 to $23 per eye 
• $24 to $46 per patient
• Cost $22 per patient

41

Dry Eye Disease and MMP-9
Matrix metalloproteinases (MMP) are proteolytic enzymes 
that are produced by stressed epithelial cells on the ocular 
surface1

• MMP-9 in Tears
• Non-specific inflammatory marker
• Normal range between 3-41 ng/ml
• More sensitive diagnostic marker than clinical signs1

• Correlates with clinical exam findings1

• Ocular surface disease (dry eye) demonstrates elevated levels of 
MMP-9 in tears1

[1] Chotiakavanich S, de Paiva CS, Li de Quan, et al. Invest Ophthalmol Vis Sci 2009; 50(7): 3203-3209.
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Ocular Surface Inflammatory Mediators
• Desiccating or osmotic stress to the ocular surface epithelium 

is sufficient to activate MAPK and nuclear factor (NF)-κB1-7

• Activation of MAPKs stimulates production of inflammatory 
mediators by the ocular surface epithelium1-7:

• IL-1β 
• TNF-α 
• IL-6
• IL-8 
• MMP-9

[1] Corrales RM, Stern ME, de Paiva CS, et al. Desiccating stress stimulates expression of matrix metalloproteinases by the corneal epithelium. Invest Ophthalmol Vis Sci. 2006
Aug;47(8):3293–3302. [2] Li DQ, Chen Z, Song XJ, et al. Stimulation of matrix metalloproteinases by hyperosmolarity via a JNK pathway in human corneal epithelial cells. Invest
Ophthalmol Vis Sci. 2004 Dec;45(12):4302–4311.[3] Li DQ, Luo L, Chen Z, et al. JNK and ERK MAP kinases mediate induction of IL-1beta, TNF-alpha and IL-8 following
hyperosmolar stress in human limbal epithelial cells. Exp Eye Res. 2006 Apr;82:588–596. [4] Massingale ML, Li X, Vallabhajosyula M, Chen D, Wei Y, Asbell PA. Analysis of
inflammatory cytokines in the tears of dry eye patients. Cornea. 2009; 28:1023–1027. [5] De Paiva CS, Corrales RM, Villarreal AL, et al. Corticosteroid and doxycycline suppress
MMP-9 and inflammatory cytokine expression, MAPK activation in the corneal epithelium in experimental dry eye. Exp Eye Res. 2006 Sep;83(3):526-35. [6] Chotikavanich S, de
Paiva CS, Li de Q, Chen JJ, Bian F, Farley WJ, Pflugfelder SC. Production and activity of matrix metalloproteinase-9 on the ocular surface increase in dysfunctional tear
syndrome. Invest Ophthalmol Vis Sci. 2009 Jul;50(7):3203-9.[7] Na KS, Mok JW, KimJY, Rho CR, Joo CK. Correlations between tear cytokines, chemokines, and soluble receptors
and clinical severity of dry eye disease. Invest Ophthalmol Vis Sci. 2012 Aug 13;53(9):5443-50. doi: 10.1167/iovs.11-9417.
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MMP-9 = Ocular Surface Disease
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MMP-9 and Ocular Surface Disease

• MMP-9 destabilizes the tear film and directly contributes to corneal 
barrier dysfunction by breaking down tight junctions and facilitating 
inflammatory cell migration1-5 

• Down modulation of MMP-9 expression is associated with 
improvement in ocular surface epithelia reinforcing the key role of 
MMP-96

• MMP-9 knockout mice are resistant to developing dry eye7
[1] Li DQ, Lokeshwar BL, Solomon A, et al. Regulation of MMP-9 production by human corneal epithelial cells. Exp Eye Res. 2001 Oct;73(4):449–459.
[2] Corrales RM, Stern ME, de Paiva CS, et al. Desiccating stress stimulates expression of matrix metalloproteinases by the corneal epithelium. Invest
Ophthalmol Vis Sci. 2006 Aug;47(8):3293–3302. [3] Sobrin L, Liu Z, Monroy DC, et al. Regulation of MMP-9 activity in human tear fluid and corneal
epithelial culture supernatant. Invest Ophthalmol Vis Sci. 2000 Jun;41(7):1703–1709. [4] Li DQ, Lokeshwar BL, Solomon A, et al. Regulation of MMP-9
production by human corneal epithelial cells. Exp Eye Res. 2001 Oct;73(4):449–459. [5] Chotikavanich S, de Paiva CS, Li dQ, et al. Production and activity of
matrix metalloproteinase-9 on the ocular surface increase in dysfunctional tear syndrome. Invest Ophthalmol Vis Sci. 2009 Jul;50(7):3203–3209. [6] Lanzini
M1, Curcio C2, Colabelli-Gisoldi RA et al. In Vivo and Impression Cytology Study on the Effect of Compatible Solutes Eye Drops on the Ocular Surface
Epithelial Cell Quality in Dry Eye Patients. Mediators Inflamm. 2015;2015:351424. [7] Pflugfelder SC, Farley W, Luo L,et al. Matrix Metalloproteinase-9
Knockout Confers Resistance to Corneal Epithelial Barrier Disruption in Experimental Dry Eye. AmJ Pathol. 2005 Jan; 166(1): 61–71.
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MMP-9 Point of Care Testing
MMP-9 testing is a rapid, immunoassay test 
for the visual, qualitative in vitro detection 
of elevated levels of the MMP-9 protein in 
human tears from patients suspected of 
having dry eye.  InflammaDry is to be used 
to aid in the diagnosis of dry eye, in 
conjunction with other methods of clinical 
evaluation.  This test is intended for 
prescription use at point-of-care sites.

46 47
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Rosacea and MMP-9
• N=26 pts: Patients with ocular rosacea (n=13) and normal subjects 

(n=13) with normal aqueous tear production and no irritation 
symptoms showed elevated pro-MMP-9 in 61%1

[1] Afonso A, Sobrin L, Monroy DC, et al. Tear fluid gelatinase B activity correlates with IL-1alpha concentration and fluorescein clearance in ocular rosacea. Invest Ophthalmol Vis Sci. 1999 Oct;40(11):2506-12.

48
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Post LASIK Dry Eye and MMP-9

• N=16 pts: 50% of post-LASIK dry eye patients were found to have 
significant inflammation associated with an elevated MMP-9 by 
quantitative MMP-9 ELISA1

• The OSDI was found to nonspecifically identify patients with 
symptomatic dry eye but does not differentiate patients with 
significant inflammation1

[1] Chan TCY, Cong Y, Chan KP et al. Evaluation of Point-of-Care Test for Elevated Tear Matrix Metalloproteinase-9 in post-LASIK Dry Eyes. BJO 2015. Accepted

49



2/15/23

9

50

Artificial Tears and MMP-9
• Artificial tears provide a 

palliative relief of eye irritation 
in patients with aqueous tear 
deficiency, but do not prevent 
the underlying inflammation 
or reverse conjunctival
squamous metaplasia in 
chronic dry eye1

• Artificial tear eye drops alone 
failed to demonstrate any 
reduction in MMP-9 levels2

[1] Stern ME, Schaumburg CS, Pflugfelder SC. Dry Eye as a Mucosal Autoimmune Disease. International Reviews of Immunology. 2013;32(1):19-41. [2] Aragona P, Aguennouz
M, Rania L, Postorino E, Sommario MS, Roszkowska AM, De Pasquale MG, Pisani A, Puzzo Matrix metalloproteinase 9 and transglutaminase 2 expression at the ocular
surface in patients with different forms of dry eye disease. Ophthalmology. 2015 Jan;122(1):62-71.
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Punctal Occlusion
• PunctaI occlusion has been 

shown to improve 
objective and subjective 
measures of dry eye to and 
to exacerbate ocular 
surface inflammation in 
subjects with overt clinical 
inflammation1

• The Delphi treatment 
guidelines for ocular 
surface disorders 
recommends that 
inflammatory conditions 
be treated before punctal
occlusion2

[1] Pflugfelder SC. Antiinflammatory therapy for dry eye. Am J Ophthalmol. 2004 Feb;137(2):337-42. [2] Behrens A, Doyle JJ, Stern L, et al. The Dysfunctional Tear Syndrome
Study Group. Dysfunctional tear syndrome: a Delphi approach to treatment recommendations. Cornea. 2006;25:900-907.
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Integrating a Dry Eye Management 
Protocol

• Artificial tears, gels, ointments
• Omega-3 fatty acids

Asymptomatic
• No further treatment

Continued Symptoms
• Consider punctal occlusion
• Consider BlephEx, Avenova, 

Lipiflow or IPL if significant MGD
• Consider NSAID Q-daily for 
• neuropathic pain

InflammaDry Negative
MMP-9 < 40 ng/ml

• Consider cyclosporine BID
• Omega-3 fatty acids 2,000-4,000 mg

No Significant Blepharitis
• Consider increasing cyclosporine to TID
• Consider loteprednol Q-daily
• Consider omega-3 fatty acids 4,000 mg

Significant Blepharitis
• Consider cyclosporine
• Consider BlephEx, Lipiflow or IPL 
• Consider Avenova, azythromycin or 

doxycycline

InflammaDry OU
Detection of MMP-9

(no drops prior to MMP-9 testing)

Initial clinic visit
Day 1

Follow up clinic visit
90 days

InflammaDry Positive
MMP-9 ≥ 40 ng/ml

InflammaDry Positive
MMP-9 ≥ 40 ng/ml

InflammaDry Negative
MMP-9 < 40 ng/ml

52
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Treatment of Dry Eye1

• A dry eye treatment study was performed to compare the impact of steroids 
(loteprednol) and saline on MMP-9 expression after anti-inflammatory treatment

• 30 patients with Sjogren’s Syndrome representing aqueous deficiency 
• 30 patients with evaporative dry eye due to MGD
• 15 patients were healthy controls

• Patients were divided into 2 subgroups
• One group was treated with saline
• One group was treated with saline artificial tears plus topical corticosteroid eye drops (0.5% 

loteprednol etabonate) 4 times daily for 15 days

• Patients with Sjogren’s Syndrome  showed a 66% reduction in MMP-9 expression while 
MGD patients showed a 42% reduction

• Artificial tear eye drops alone failed to demonstrate any reduction in MMP-9 levels
[1] Aragona P, Aguennouz M, Rania L, Postorino E, Sommario MS, Roszkowska AM, De Pasquale MG, Pisani A, Puzzo Matrix metalloproteinase 9 and transglutaminase
2 expression at the ocular surface in patients with different forms of dry eye disease. Ophthalmology. 2015 Jan;122(1):62-71.
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MGD is Extremely Common

1. Lemp MA, Crews LA, Bron AJ, et al. Cornea 2012;31(5):472-8. 2. Jin X, et al. Medicine (Baltimore) 
2016;95(31):e4268. 3. Baser G, et al. Curr Eye Res 2016;28:1-5. 4. Mocan MC, et al. J Glaucoma 2016; 
25(9):770-4. 5.Yu T, et al. Int J Ophthalmol 2016;9(12):1740-1744. 6.Wu H/ PLoS One  2014;9(8):e105575.

7.Algamadi et al. Cornea 2016;35(6):731-5. 8.Machalińska A, et al. Cornea 2015;34(9):1098-104. 

Patient Condition % with MGD

Dry Eye 86%1

Peri-menopause 79%2

Polycystic Ovary Syndrome 73%3

Glaucoma (on prostaglandins) 96%4

Glaucoma (non prostaglandin) 58%4

Diabetes 58%5

VDT users (4+ hrs per day) 85%6

Cataract Patients 59%7

Contact lens wearers 60%8

55
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Meibomian Gland Dysfunction

Diagnosing
Gland Evaluation

Expression
Meibography

56

IOVS Special Issue, 2011, Vol 52, No. 4

Stages of Evaporative Dry Eye Disease

A total loss of Meibomian Glands means a total loss of lipid secretions

Normal                   Obstruction               Dilation                    Atrophy               Cornification           

57

Impact of MGD on Ocular Health

• MGD Decreases
- Ocular Health & Protection1-4

- Corneal nerve health2

- Conjunctival health3

- Tear film immunity1,4

- Visual acuity1,5

- Ocular comfort4-6

- Contact lens comfort and wear time4-6

1. Baudouin C, Messmer EM, Aragona P, et al. Br J Ophthalmol 2016 ;100(3):300-6.   2. Azizi S, Uçak T, Yaşar I, et al. Semin
Ophthalmol 2017;32(3):377-383.    3. Liang Q, Pan Z, Zhou M, et al. Cornea 2015;34(10):1193-9.    4. Mudgil P. Invest 
Ophthalmol Vis Sci 2014;55(11):7272-7.    5. Epitropoulos AT. J Ophthalmol 2016.   6. Machalińska A1, Zakrzewska A, 
Adamek B, et al. Cornea 2015;34(9):1098-104.

58
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1. Blackie CA, et al. Nonobvious obstructive meibomian gland dysfunction. Cornea. 2010 Dec;29(12):1333-45. Review.
2. Nichols KK. The MGD Workshop report. Executive summary. IOVS 2011

Imaging changes everything

Dynamic Meibomian Imaging (DMI)

Early intervention requires early detection

59

Dynamic Meibomian Imaging (DMI)
Dynamic Illumination Adaptive Transillumination Dual-Mode DMI

N orm al G land  Structu re

G land  D rop  O u t

G land  T runcation  &  D ila tion

+ =

+ =

+ =
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The international Dry Eye Workshop (DEWS)

2007

2017

64

64

Treatment guidelines recommended by  DEWS II (2017)

65
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8

Most Important Diagnostic Question to Ask:

Do you have morning symptoms?

66

KB Light Test

67
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8

Signs to look for:
Do you have morning symptoms?

70

8

Signs to look for:

71

8

Signs to look for:

72

8

Signs to look for:
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• Latex Free

• Porous and Hypoallergenic Material

• Contour Orbit Shape

• Regular (Blue tab) and Sensitive 
(Purple tab) available. 

75

• How To Use/Proper Placement

76

Thank You 
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