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1. National eye institute Industry
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1. Delphi
2. Dysfunction tear syndrome
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Ocular Surface Disease
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Asymplomatic
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states | I
= Y Non-
\ Dry Eye
- Disease DI.T Eye
Discase
Aqueous | | Evaporative Lid-related [ mh"'nsn |
Deficient Dry Fye Discase : |
| Dry Eye — _ |
) ) : Allergic conjunctivitis
| other | Chronic infective
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T : Keratoconjunctivitis
: Conjunciivitis
other Post-relractive
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1. The Tear Film and Ocular Surface Society (TFOS)
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l Presenting Patient
§ §
Asymptomati Symptomatic
Normal |4—- No signs Slgns of ocular surface disease ] [ Signs of ocular surface ]

v
No treatment Triaging questions J
required
Signs without stPt"ms Neurotropic conditions Other Ocular Surface Symptoms without
predisposition to dry eye (dysfunctional sensation) Disease: Differentia Diagnoses signs: pre-clinical state

No signs

Neuropathic
pain (non-OSD)

Preventative management Signs indicating Refer/ manage :

A Observe /
as appropriate (e.g. management of DED according to offer education / Refer for pain
pre-surgery) required differential diagnosi Pr ive therapy management

Dry Eye Disease
[ Aqueous deficient }

[ Management to restore homeostasis ]
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- - One or more

Abnormal Abnormal Positive Positive

Age . . ,Symptoms
Schirmer Tear break—up Rose Bengal fluorescein

Country group . - . often or all the
test time staining staining

time

USA 65-84 11.9 - 2.0 - 14.6
Australia  40-97 16.3 8.6 10.8 1.5 -
Indonesia >21 - - - - 27.5

Taiwan 65-91 58.4 79.3 33.4 23.5

Spain 40-96 37 15.6 13 7 18.4
Thailand =40 50 54.7 6.6 34.0
Australia >50 - - - - 57.5

USA =65 2.2 - 2 - 14.6

Canada - - - - - 28.7
China >40 24.7 353 - 5.8 52.4
Iran 40-64 17.8 34.2 4.9 11.3 -

Ref: Hashemi et al. Prevalence of dry eye syndrome in an adult population. Clin Exp Ophthalmol.2014;3:242-8.
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1. DRY EYE WORKSHOP
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HE ANATOMY OF DRY EYE

‘The tear film has three main compaonents;
lipid, aqueous and mucin.

. = The lipid layer's most important function
J istoprevent the evaporation of tears. The
Meibomian Glands manufacture the lipid layer.

MIDDLE Fatell] o]V}
" The largest portion of the tear film is made
up of aqueous with different types and
concentrations of mucins (sticky proteins)
throughout. Most tear film components are
dissolved in this layer, including the axygen
supply to the comea. The Lacrimal Gland
creates mast of the aqueous layer.

IV 181=58 MUCIN

The thickest concentration of mueins is at
the eye's surface, This layer heips to spread
tears and stabilize the tear film, which works
1o profong the tear break-up time. Gobiet cells
produce the mucin.

OCULAR SURFACE
(conjunctiva)
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1. Up gaze
2. Down gaze
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Lacrimal gland
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g g Tears drain
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1. The International Diabetes Federation
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1. Sjogren’s Syndrome
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1. Rheumatoid arthritis
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1. Multiple sclerosis
2. Systemic lupus erythematosus
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1. Graves’ disease& Thyroid eye disease
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1. Ocular Graft-Versus-Host Disease
2. Hematopoietic Stem Cell Transplantation
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Mean (SD)

Age Groups

Variable Total 30-40 40-50 50-60
Agey 463 (10.6) 34.0 (3.3) 462 (3.0) 58.1(2.4)
TBUT 8.4 (6.4) 10.7 (7.0) 8.5(7.4) 6.1(34)

Schirmer test result, mm

Without anesthesia 203 (12.0) 28.9(9.3) 184(103)  13.7(10.7)
With anesthesia 14.2 (9.5) 19.8 (10.8) 11.1(7.2) 11.3(7.3)
304 Age Group, y
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Average Statistical Significance
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1. The aqueous deficiency dry eye
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1. The evaporative dry eye
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1. Meibomian Gland Dysfunction
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1. Giant Papillary Conjunctivitis
2. Visual Break-Up Time
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1. Filamentry Keratitis
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1. Punctate epithelial erosions
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1. Infectious Keratitis
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1. Exposure Keratitis
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1. Recurrent corneal erosion
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Gen Teal ® Gel 0.3% HPMC Gel Preserved-form
Carbopol 980 GenAqua®
o . .
Tears Again® Night & Day Gel 1.5%CMC Gel Dissipate (stablized
oxyborate complex)
Hylo® -Gel 0.2% hyaluronic acid Gel None
Visco Tears® Liquid Gel 0.2% carbomer 980 Gel None
LiquiviscTM 0.25% carbomer 974P Gel BAK
Liposic ® 0.2% carbomer 980 Gel None
Soothe ® Lubricant Eye Ointment 20% mineral oil Ointment None
80%white petrolatum
Akwa® Tears Ointment 1S% mineral oil Ointment None
83% white petrolatum
Rugby ® Artificial Tear Ointment 15% mineral oil Ointment None
83% white petrolatum
Puralube ® Ointment 15% mineral oil Ointment None
85% white petrolatum
LubrifreshTM PM 15% mineral oil Ointment None
83% white petrolatum
Refresh PM® Ointment 42.5% mineral oil Ointment None
57.3% white petrolatum
Tears Naturale® PM 56.8% white petrolatum Ointment None
42.5% mineral oil
Refresh Lacrilube® 42.5% mineral oil Ointment Chlorobutanol
56.8% white petrolatum
Systane ® Nighttime Ointment 3% mineral oil Ointment None
94% white petrolatum
Clarymist™ 1.0% woy lecithin Spray Phenoxyethanol
Actimisit™ 1% woy Lecithin Spray Phenoxyethanol
Tears Again® 1.4% PVA Spray Oissip.i.ce (stabilized

oxyborate complex)
Bio-Logic Aqua® tissue-

Nature’s Tears ® Spray None
culture grade water

Vizulize Dry Eye; Eye Mist 0.10% hyaluronate Spray N-1G

Lacrisert® 5 mg HPMC Insert None

Notes: ‘Both preserved and preservative-free formulations commercially available; ‘Prescription-only ophthalmic insert. Manufacturers
are as follows: Gen Teal®, Novartis Pharmaceuticals, East Hanover, NJ, USA; Tears Again®, OcuSoft, Rosenberg, TX, USA; Hylo®-
Gel, URSAPHARM, SaarbnJcken, Germany; Viscotears®, Novartis Pharmaceuticals; Liquivisc™, URSAPHARM; Liposic®, Bausch
& Lomb Incorporated, Bridgewater, NJ, USA; Soothe®, Bausch & Lomb Incorporated; Akwa®, Akom, Incorporated, Lake Forest, IL,
USA; Rugby®, Rugby Laboratories, Livonia, MI, USA; Puralube®, Fougera Pharmaceuticals Inc., Melville, NY, USA; Lubrifresh ™,
Major Pharmaceuticals, Livonia, M1, USA; Refresh®, Allergan, Irvine, CA, USA; Systane®, Alcon Laboratories, Inc., Fort Worth, TX,
USA; Clarymist™, Savant Distribution, Leeds, UK; Actimist™, Reckitt Benckiser pie, Berkshire, UK; Nature's Tears ®, Bio-Logic Aqua
Technologies, Grants Pass, OR, USA; Lacriser~. Valeant Pharmaceuticals North America LLC, Bridgewater, NJ, USA; GenAqua®,
Novartis Ophthalmics, East Hanover, NJ, USA; Tears Again®, OcuSoft; Vizulize Dry Eyes Eye Mist, Butterflies Healthcare, Banbury,
OX, UK; Bio-Logic Aqua®, Bio-Logic Aqua Technologies. Abbreviations: BAK, benzalkonium chloride; CMC, carboxy methylcellulose;
HPMC, hydroxypropyl methylcellulose; N-IG, N-hydroxymethylglycinate; PV A, polyvinyl alcohol.
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i . 0.3% HPMC, 0.1 % dextran None
Bion Tears (single use) . 7.53 246
Rohto C Cub 70 Poloxamer 407 with 733 152
ohto C Cube .
0.07% HEC 0.1 % potassium
sorbate
Celluvisc (single use; Allergan)
1.0%CMC None 6.94 273
Computer Eye Drops (Bausch & X
Lomb) 1.0% glycerin 0.01% BAK 6.88 276
oml
0.64% sodium chloride 0.005% BAK 7.18 350
Dorama-Neo (Sato) L
L 1.3% boric acid, 0.32% 0.01% BAK 7.12 358
Eye Mo (GlaxaSrnithkline) .
sodium borate
0.3% HPMC
. O 0.01% BAK
Eye Mo Moist (GlaxoSmithKline) 0.3% HPMC Sodi borat 7.38 307
odium perborate
Gen Teal (Novartis) 0.3% HPMC 0 0082 pl 0% 6.53 196
. m
Optovisc (Ashford) 0.1 % sodium hyaluronate BAK ’ 6.40 242
Hialid 0.1 (Santen) 1.0%PVA, 1.0% BAK 6.57 261
Hypo Tears (Novartis) polyethylene glycol 0.01% BAK 6.10 213
Liquifilm Tears (Allergan) 1.4% PVA 0'005:/ BAK 6.80 206
Moisture Eyes (Bausch & Lomb) 0.3% glycerin, 1.0% 0'010/ ;BAK 6.96 257
Oculotect Fluid Sine (Novartis) propylene glycol N ’ 6.75 274
one
Optrex 5.0% polyvidone 0.005% BAK 7.22 283
Harnamelis virginiana R
None
. 0.5% CMC
Refresh Plus (single use; Allergan) X None 6.52 276
i 1.4% PVA, 0.6% povidone .
Refresh (single use; Allergan) 0.5% CMC Purite 5.64 246
Refresh Tears (Allergan) o R X 0.0002 ml 50% 7.34 257
0.9% sodium chloride
Salacyn 0.9% (Ashford) BAK 7.49 407
0.4% polyethylene glycol
Systane (Alcon) 400.0.3% Hydroxypropyl 7.07 255
’ guar,
propylene glycol R
polyquaterniurn
0.3% HPMC, 0.1 % dextran
Tears Naturale IT 70 0.00 1% polyquad 7.68 287
Tears Naturale Free 0.3% HPMC, 0.1 % dextran None 7.21 258
Thera Tears 70 None 8.95 145
Vidisept N 0.25%CMC 0.005% cetrirnide 7.43 282

5.0% povidone

*=Tbe pH of formulations was tested using a pH meter (SevenEasy; Meuler Toledo). The reproducibility (95% confidence
interval of differences) of the pH readings was 0.04. *=The osmolarily of fonnulation.s was measured using a vapor
pressure osmometer (Vapro 5520: Wescor Inc) and the reproducibility (95% confidenoe interval of differences) of
the osmolarity readings was 9.6 mmoVkg. BAK, benzalkonium chloride: CMC. carboxy methylcellulose; HEC,
hydroxypropyl ethylcellulose; HPMC, hydroxypropyl methylcellulose; PVA, polyvinyl alcohol.
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1. Autologous Serum
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PDGF

TGF-P

PDEG

PDAF

Cationic
polypeptide
(Mr=30 kda)

2-chain
polypeptide
(Mr=25 kda);

3 different gene
products in
humans: TGF-
1. TGF-P2,
TGF-f3

53-amino acid

F polypeptide

(Mr=6 kda)

Acidic
polypeptide
(Mr=45 kda)

ok g

Platelets,
macrophages.
Monocytes,
endothelial cell,

smooth muscle cells

Platelets
T-lymphocytes
macrophages/
monocytes,
neutrophils

Platelets,
macrophages,
monocytes

Platelets,
endothelial cells

Fibroblasts,
smooth muscle
cells, glial cells.
macrophages/
neutrophils

Fibroblasts.
marrow stem
cells, endothelial
cells,

epithelial cells,
preosteoblasts

Fibroblasts.
endothelial cells,
epithelial cells

Endothelial cells

Stimulates chemotaxis/
mirogenesis in fibroblast/
glial/

smooth muscle cells: regulates
collagenase secretion/
collagen

synthesis: stimulates
macrophage/

neutrophil chernoraxis.

Stimulates/ inhibits
endothelial.

fibroblastic and osreoblastic
mitogenesis; regulates
collagen
synthesis/collagenase
secretion:

regulates mitogenic effects of
other growth factors:
stimulates

endothelial chemoraxis and
angiogenesis,

Stimulates endothelial
chemotaxis/angiogenesis :
regulates collagenase
secretion;

stimulates epithelial/
mesenchymal
mitogenesis

Increases angiogenesis and
vessel

permeability : stimulates
mitogenesis for endothelial
cells

by direct or indirect actions;
several cytokines and growth
factors up-regulate PDAF,
including IGF-1, TGF-alpha
and

beta, PDGF, bFGF,PDEGF
and

IL-1 beta.
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Stimulates cartilage growth,

bone
matrix formation and
. . replication
le—ch:
Single C. am Osteoblasts, . of preosteoblasts and
polypeptide Fibroblasts,
Macrophages, osteoblasts:
(Mr =47 kda) Osteoblast, .
IGF-1 Monocytes, acts as an autocrine and
47% homology chondrocytes .
s chondrocytes paracrine
with insulin. . L .
factor: in combination with
PDGF
can enhance the rate and
quality

of wound healing.

. . Chemoarrracrant for
PF-4 Houiotetramer Platelets Fibroblasts. neutrophils and
(Mr=29 kda) neurrophils fibroblasts : potent antiheparin

agent.

PDGF=Platelet Derived Growth Factor; TGF-p=Transforming Growth Factor; VEGF=Vascular
Endothelial Growth Factor; FGF=Fibroblast Growth Factor; EGF=Epithelial Growth
Factor; Mr=magnetic resonance.
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1. Platelet-Rich Plasma
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Solgilpyw e bowd (b glowdly SLusy 9o p
pH 7.4 7.4 6.61-7.26 7.4
Osmolarity 298-300 296 296 296
Water (%) 98 91
Albumin (g/dl) 0.39 4-5.3
Globulins (g/dl) 0.27 2.3
EGF (ng/ml) 0.2-0.3 0.1-0.2 0.27-4.9 0.5
TGF (ng/ml) 2-10 6-33 6.4-67.3 57
NGF (pg/ml) 107.5-468 54-401 37.7 730
ICF-I (ng/ml) 75.5-157 375 93.5 230
PDGF (ng/ml) 1.33 15-17 13-86
VEGF (pg/ml) - 34.7-160 60-124
Vitamin A (ng/ml) 16 372 - 231
Vitamin C (mg/ml) 0.117 0.02
SP (pg/ml) 69.8-157 71-169 - 245
lysozyme (mg/ml) 1.4 6 - 6
Surface IgA (ug/ml) 1190 2
Fibronectin (ug/ml) 21 30-205 28.9-31.1
Lactoferrin (ng/ml) 1650 266
Calcium (mmol/1) 0.3-2 2.5
Potassium (mmol/L) 26-42 4.5
Sodium (mmol/1) 120-170 140

EGF: epidermal growth factor; IGF-1: insulin-like growth factor I; NGF: nerve growth factor.

POCF: platelet-derived growth factors; SP: substance P; TGF-: transforming growth factor [3;
VEGF: vascular endothelial growth factor.
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1. Intense Pulsed Light
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1. Intense Regulated Pulsed Light Therapy
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Level 1:
Education and counseling Environmental management
Elimination of offending systemic medications Preserved tear substitutes,

allergy eye drops

Level 2:

If Level 1 treatments are inadequate, add:
Unpreserved tears, gels, ointments Steroids
Cyclosporine A

Secretagogues

Nutritional supplements

Level 3:
If Level 2 treatments are inadequate, add:
Tetracyclines Autologous serum tears

Punctal plugs (after control of inflammation)

Level 4:
If Level 3 treatments are inadequate, add:
Topical vitamin A Contact lenses Acetylcystei ne Moisture goggles

Surgery




i S @ YAY

Olo 33 9 & low Dl (il p el ( Sis (S jlow (S0 dewd =T+ Jgunar
DEWS _foxdlygiws b cawlio

Dry Eye

Severity Level

Discomfort,
severity &
frequency

Visual symptoms

Conjunctival
injection

Conjunctival
staining

Corneal staining
(severity/

location}

Cornea and tear
signs

Lid/meibomian
glands

TBUT (sec)

Schirmer
score(mm/5min)

Mild and/or
episodic;
occurs under
environmental
stress

None or episodic
mild fatigue

None to mild

None to mild

None to mild

None to mild

MGD variably
present

Variable

Variable

Moderate episodic or

chronic, stress or
no stress

Annoying and/or
activity-limiting
episodic

None to mild

Variable

Variable

Mild debris,
meniscus

MGD variably
present

<10

<10

Severe frequent or

constant without stress

Annoying, chronic
and/ or constant.
limiting activity

+/-

Moderate to marked

Marked central

Filamentary keratitis,

mucus clumping,
tear debris

Frequent

<5

Severe and/or
disabling
and constant

Constant and/or
possibly
disabling

+/++

Marked

Severe
punctuate
erosions

Filamentary
keratitis,
mucus
clumping,
tear debris,
ulceration

Trichiasis,
keratinization,
symblepharon

Immediate

TBUT. tear breakup time; MGD, moibomian gland dysfunction.
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1. Ocular Protection Index
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Congenital alacrima Ectodermal Mild AT
Congenital dysplasia Mild-moderate AT,
Allgrove (Triple A) syndrome ~ Mild-moderate  AST

AT, topical steroids, topical

. Sjogren syndrome Mild-severe cyclosporin A, AST, systemic
Immunological . . .
GvHD Mild-severe immunosuppression
Juvenile rheumatoid artnnus Mild AT,AST
AT, systemic immunosuppression
M -
. ' oderate AT, AST
Epidermolysis bullosa severe AT. doxveveline. ervihromyein
Dermatologic  Acne rosacea Mild-moderate © ,ical s};eZoi ds eyt yem,
TEN7B Moderate- P .
AT, ocular surface reconstruction
severe
) . .
Sorgfoitle androgen insensitivity Mild AT
Endocrine yn ¢ . . Moderate AT, metabolic control
Diabetes mellitus, Thyroid .
. Mild AT, hormone therapy
disease
Nutritional Malabsorption, vegetarian diet ~ Mild-moderate AL nutrmona.l orientation and/ or
supplementation
HTLV-1, EBV, HIV, 1
Post infectious ’ ’ »MCESIES,  Mild-moderate AT
trachoma
. . Preservative-free topical medication
-block t 1
Medications B-blockers, retinoids, valproic Mild-moderate and/or AT, medication

acid . . .
discontinuation

GvHD= graft-vs-host disease; TEN= toxic epidermal necrolysis; HTLV " 1= human T*lymphotrophic virus
1; EBV= Epstein-Barr virus; HIV=Human immunodeficiency virus; AT= artificial tears, AST=autologous
serum tears.
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CL, contact lens; MGD, meibomian gland dysfunction; OS, ocular surgery; SS,
Sjo “gren syndrome; VDT, visual display terminall
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Foreword

Dry eye, which is one of the most common reasons for a visit to an eye
doctor, has been showing an ascending trend in recent decades. In addition to
its negative impact on the quality of life, dry eye can impose treatment and
financial burden on the patients and the health care system. While the
problem was more common among older adults in the past, in recent
decades, more cases are being observed among young adults and even
adolescents and children. This transition has been attributed to the excessive
use of mobile phones, tablets, and other digital devices.

On the other hand, thorough history taking, ophthalmic examinations, and
workups for the detection of dry eye can be quite time consuming. Thus, care
providers may lack the sufficient time to examine patients and provide them
with prevention and treatment methods; instead, they tend to suffice with
prescribing single-use vials of artificial tears.

The present book is the outcome of the arduous tasks of two faculty
members of Universities of Medical Sciences. Although it addresses the
medical community to update their knowledge regarding the prevention,
diagnosis, and treatment of dry eye, it is written in plain language to be
conducive to public education and health as well. In other words, as a bridge
between physicians and patients, the authors have commendably contributed
to the transfer of necessary knowledge and skills for the prevention and
treatment of dry eye to physician assistants on one hand and patient
assistants on the other.

I recommend this book to the medical society as well as the public, and I
hope that improved prevention, diagnosis, and treatment of this condition
will enhance the quality of life of our fellow countrymen in Iran.

Hassan Hashemi, MD

- Professor of ophthalmology, Tehran University of Medical
Sciences, Tehran, Iran.

- Noor Research Center for Ophthalmic Epidemiology, Noor
Eye Hospital, Tehran, Iran.
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Preface

Dry eye disease (DED) and its related symptoms is the most common cause
of visits to eye care providers. Given the rising trend in the use of electronic
devices such as personal or work computers, laptops, and smart phones, and
the increasing prevalence of eye surgeries, DED has become one of the most
challenging health-care concerns in the field of ophthalmology.

Annually, the treatment of dry-eye poses a substantial economic burden, and
still available treatment options are largely palliative rather than curative.
Given the chronic nature of the disease and the discomfort it causes, it can
seriously affect patients’ quality of life. It is expected that the condition will
spread to younger ages, and there will be a lifelong need for artificial tears.
Hence, we were prompted to publish a book on the etiology, signs and
symptoms, and the latest medical and surgical treatments to provide a source
of information for ophthalmologists, optometrists, other allied health groups
as well as the public who may be somehow dealing with this condition.

The book is prepared in 12 chapters based on recent scientific literature
published, and highlights the most significant points relevant to dry eye.

The authors have made every effort to provide the readers with
comprehensible and easy-to-understand contents; however, we invite the
readers to kindly share their valuable thoughts with us. We hope that the
book will be of use to our peers and patients.
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Mehrdad Mohammadpour (MD),
- Associate professor of ophthalmology, Tehran University of
’ . o Medical Sciences, Tehran, Iran.
- Noor Ophthalmology Research Center, Noor Eye Hospital,
v, Tehran, Iran.
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Zahra Heidari (PhD),
- Mazandaran University of Medical Sciences, Sari, Iran.
- Noor Ophthalmology Research Center, Noor Eye Hospital,
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